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INTRODUCTION

Thoracic outlet syndrome (TOS) is a constellation of symptoms caused by the compression of
neurovascular structures at the superior aperture of the thorax, properly referred to as the
thoracic inlet. However, there is no consistent clinical presentation or definition. Based on a
comprehensive literature review, this article presents the etiology, epidemiology, and clinical
diagnostics of TOS, as well as the possibilities and outcomes of surgical treatment. The diag-
nosis and treatment are contentious, and some even question the existence of TOS. Its symp-
toms are often confused with those of distal compression neuropathies or cervical radiculopa-
thies. The various surgical approaches for this syndrome are evaluated according to their abili-
ty to facilitate wide exposure, their potential morbidity, and their beneficial results. Most pa-
tients suffering from any form of TOS can benefit from surgical treatment. The duration of
symptoms, socioeconomic factors and most notably, a stringent diagnostic workup and an ad-
equate operative approach are important.

Keywords: Brachial plexus neuritis; Clavicle; Ribs; Thoracic outlet syndrome

neural and/or vascular structures between the base of the
neck and the axilla. TOS involves compression that results

Pain, weakness, and discomfort in the upper limbs are com-
mon. Diagnosis of these symptoms is often difficult because
of the various pain-sensitive structures in the neck, the up-
per thoracic aperture, and the upper limbs. If other causes
such as a cervical degenerative disease, rotator cuff rupture,
tumors, peripheral nerve entrapment, and other neurologic
diseases have been excluded, and the symptoms can be pro-
voked during examination, the case is often classed under
thoracic outlet syndrome (TOS). The term “thoracic outlet
' in 1956 to describe
several disorders attributed to mechanical compression of

syndrome” was coined by Peet et al.

© 2023 The Korean Society of Peripheral Nervous System

in injury or irritation of neurovascular structures as it pass-
es through three narrow passages from base of the neck
through the armpits to the arms. The most important of
these is the interscalene triangle. The borders are the ante-
rior scalene muscle anteriorly, the middle scalene muscle
posteriorly and the medial surface of the first rib inferiorly.
The triangle is small at rest but can be made smaller with
certain provocative maneuvers. It can be further constricted
by other structures such as fibrous bands, cervical ribs and
abnormal muscles. The second passage is the costoclavicu-
lar triangle. The borders are the clavicle anteriorly, the first

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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rib posteromedially and the upper border of the scapula
posterolaterally. The third passage is the subcoracoid space
beneath the coracoid process deep to the pectoralis minor

tendon””.

ANATOMY

The thoracic outlet refers to the communication between
the thoracic cavity and root of the neck. Three areas within
the thoracic outlet where neurovascular compression can
occur have been described: the interscalene triangle, the
costoclavicular space, and the subpectoral tunnel. The most
clinical important passage is the interscalene triangle, which
is bordered by the anterior scalene muscle anteriorly, the
middle scalene muscle posteriorly and the medial surface of
the first rib inferiorly. This triangle includes the trunks of the
brachial plexus and the subclavian artery. It should be noted
that the subclavian vein flows anterior to the anterior sca-
lene muscle. Immediately distal to the interscalene triangle,
the neurovascular bundle enters the costoclavicular trian-
gle, which is bordered anteriorly by the middle third of the
clavicle, posteromedially by the first rib, and posterolaterally

Scalene
triangle

Ant.
scalene
muscle

Pectoralis

mihor Phrenic

nerve
space

by the upper border of the scapula (Fig. 1). The neurovascu-
lar bundle then enters the subcoracoid space, also referred
to as the retropectoralis minor space, beneath the coracoid
process deep to the pectoralis minor tendon. Compression
or irritation of the brachial plexus, or both, have been de-

scribed within these spaces'”.

PATHOANATOMY

1. First Rib Anomalies

These include bifurcation, synostosis with the second rib,
and hypoplasia or absence of the first rib. First, rib hypopla-
sia is often associated with a postfixed plexus, which can be
entrapped against a fibrous band representing the remnants
of the rib (Fig. 2).

2. Vertebral Abnormalities

The elongated transverse process of the seventh cervical
vertebra was described by Raaf *” to have an anomalous ver-
tical fibrous band extending to the first rib. The band is lo-
cated posterior to the brachial plexus, causing its compres-
sion. Other bony abnormalities associated with TOS include

Mid.

scalene Anterior

muscle scalene Subclavius
muscle muscle

Brachial

plexus Clavicle

Long

thoracic §

nerve
{ / Subclavian
d ) / artery

Costoclavicular  First Subclavian
ligament rib vein

C/

Fig. 1. (A) An overall view of the left thoracic outlet, examined from the thoracic outlet area, showing that it is made up of several dis-
tinct spaces. Nerve (yellow) compression can occur at the scalene triangle or pectoralis minor space, whereas venous compression most
often occurs at the costoclavicular space. Arterial injury is most often due to bone trauma at the scalene triangle. (B) Detailed view of
the scalene triangle on the patient's left side. (C) Anatomy of the subclavian vein at the costoclavicular space. [Modified from “Thoracic
outlet syndrome: A common sequela of neckinjuries.”, by Sanders RJ, Haug CE, 1991, Lippincott, pp. 34, 236. Copyright 1991 by the Lip-

pincott. Reprinted with permission].
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Fig. 2. The cervical rib is a possible pathoanatomical factor of tho-
racic outlet syndrome (TOS). This anteroposterior cervical radio-
graph demonstrates a cervical rib that caused TOS in a 22-year-
old female patient (white arrow).

congenital pseudoarthrosis of the clavicle.

3. Cervical Muscles

The scalenus minimus muscle may cause neurovascular
compression. The omohyoid muscle may also play a role
in compressing the brachial plexus”. Telford and Motter-
shead”” described neurovascular compression caused by
anomalous insertion of the scalenus anticus, medius mus-
cles, or both. They restricted the term “scalenus anticus syn-
drome” to lesions in which this muscle is the sole etiologic
factor. Based on anatomic dissections, they described two
types of sharp tendinous insertions of the scalenus anticus

that may contribute to neurovascular compression.

4. Fibrous or Muscular Bands

These soft tissue structures irritate or cause pressure on the
brachial plexus but not the subclavian artery. Although very
important in the cause of TOS, these fibromuscular bands
are not detected with radiography but are often encountered
at surgery””.

CLASSIFICATION AND SUBTYPES

1. Neurogenic TOS (NTOS)

Neurogenic types, accounting for more than 90% of TOS cas-
es, were subdivided into “true” NTOS, and more common
“disputed” NTOS. Both types are secondary to compression
or traction injury to the lower trunk of the brachial plexus.
True NTOS has named “true” because of the anatomical
and electrodiagnostic evidence supporting the diagnosis. In
contrast, the “disputed” NTOS, also known as nonspecific
TOS, is believed by many to be an ambiguous clinical entity

%) The classical form of

without objective clinical findings
true NTOS is called Gilliatt-Summer Hand”. This syndrome
was first described in 1970 as thenar, hypothenar, and inter-
ossei weakness and/or atrophy, plus ulnar and medial ante-
brachial cutaneous hypoesthesia. Patients with true NTOS
may report symptoms associated with pain, numbness, and
weakness of the upper extremity. Overhead arm maneuvers
or lift of heavy objects may aggravate the symptoms. Howev-
er, approximately 85% of patients diagnosed with TOS have
the disputed type. This form of TOS is associated with poorly
defined and inconsistent symptomatology without objective
evidence. As such, it has been embroiled in controversy,
with many medical doctors questioning its very existence'”.
Patients with disputed NTOS will show similar symptoms of
paresthesia and weakness with NTOS. But, usually there are

more complaints of pain.

2. Vascular TOS (VTOS)

VTOS can be either arterial or venous. Venous compression
can cause edema or cyanosis of the upper limb. It can also
appear suddenly in the form of phlebitis occurring after
varying degrees of effort. The patient can sometimes present
only in the sequelae stage with thoracic collateral venous
circulation. Arterial manifestations consist of upper extrem-
ity exertional ischemia or positional vasomotor dysfunction.

www.thenerve.net 3
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Signs of vertebrobasilar insufficiency or Raynaud’s phe-
nomenon can be observed due to compression of the origin

of the vertebral artery””

. The diagnosis of TOS is relatively
simple when there are vascular symptoms in the upper limb
when the arms are raised, but the vascular type is so rare
that the venous type accounts for 2% to 3% of TOS and arte-
rial type accounts for about 1%>, However, having vascular
signs can help to guide the diagnosis in the presence of a

predominantly neurological form of TOS.

DIAGNOSIS

1. Physical Examinations

1.1. Adson’s Test

The patient’s radial pulse is palpated (Fig. 3A), then the arm
is externally rotated, extended and slightly abducted. The
patient is asked to look towards the side being examined
and to take a deep breath in (Fig. 3B). Abolition or a reduc-
tion in the radial pulse is a positive test.

1.2. Wright's Test (the hyper-abduction test)
The patient’s arm is abducted to 90 degrees in external rota-

5

Fig. 3. (A, B) Adson's test.

4 www.thenerve.net

tion while palpating the radial pulse. Again abolition of the
pulse suggests a positive test but there is a high false positive
rate.

1.3. Roos’ Test

The patient’s shoulder is abducted and the elbow is flexed to
90 degrees. In this position the patient is asked to open and
close their hands for three minutes (Fig. 4). Inability to com-
plete this exercise pain-free or reproduction of presenting
symptoms constitutes a positive result.

1.4. The Military Brace Test

With both arms at the side, the patient moves the shoulder
downward and backward to draw the clavicle closer to the
first rib (Fig. 5). Diminution or obliteration of the radial
pulse constitutes a positive test.

2. Electro Diagnostic Studies

Diagnostic criteria for electro-diagnostic tests are clearly
established in electrophysiological tests, particularly in true
neurologic TOS, altered ulnar sensory conduction (low am-
plitude sensory nerve action potentials) and motor median
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Fig. 4. Roos'test.

conduction (low amplitude compound muscle action po-
tential). Routine electro-diagnostic studies can sometimes
yield normal results but when there is strong clinical suspi-
cion of a NTOS and the classical electro-diagnostic abnor-
malities are not found, F waves may be used at rest and in

provocative positions to help support the diagnosis'"’.

3. Other Diagnostic Tests

Scalene muscle block has been one of the most useful tests
to confirm a diagnosis of NTOS. Although the response is
subjective, a good response to the block has a high correla-
tion with good responses to surgery for NTOS. Performed
by the injection of a few mL of local anesthetic into the belly
of the anterior scalene muscle, the test can be performed
with electromyographic guidance or without it'**”. A neck
X-ray is indicated to detect cervical ribs. Cervical magnetic
resonance imaging or computed tomography scan is used
to detect cervical spine disorders related to NTOS or may be
a part of the differential diagnosis. Variations of magnetic
resonance imaging are also being investigated for objective
evidence of scalene muscle abnormalities or muscle com-
pression of the brachial plexus. Magnetic resonance neurog-
raphy is another recent imaging technique that shows devia-
tions from the normal pathway by injecting a dye around the

Fig. 5. Military brace test.

plexus”.

Arteriography is not indicated in NTOS. As with the Adson
test, demonstrating arterial compression is using an arteri-
al sign to diagnose a neurologic condition. It is useless on
NTOS. The only indication of arteriography is in ATOS, and
then it is only necessary to plan the operation”. Venography
is not indicated in NTOS. Venography is important in ve-
nous TOS and is indicated in patients with arm swelling and
cyanosis. For VTOS, venography is more reliable than ultra-
sound”.

DIFFERENTIAL DIAGNOSIS

Clinical aspects of TOS are very wide, ranging from mild
discomfort to severe symptoms'”. Patients may also exhibit
unilateral or bilateral signs or symptoms associated with a
combination of nerve and vascular components”. Isolated
vascular forms of TOS are more easily diagnosed but are
also rare. So, the examiner must distinguish which symp-
toms are related to brachial plexus compression, which are
vascular, and which are unrelated to the pathology of the
thoracic outlet”. Cervical problems are more often charac-

www.thenerve.net 5
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terized by persistent neck and shoulder pain, which may
worsen depending on the position of the neck'”. Distal
compression neuropathy, such as carpal tunnel syndrome,
is symptomatic alone and is predictable in relation to nerve
distribution and exacerbated by wrist and elbow positions
rather than shoulder or neck positions. The differential di-
agnoses important for the neurogenic form of TOS include
musculoskeletal disease (such as arthritis or tendinitis) of
the cervical column, shoulder girdle or arm, cervical radic-
ulopathy or nerve compression of the upper extremities,
idiopathic inflammation of the brachial plexus (also known
as Parsonage-turner syndrome) and compression of the
brachial plexus due to an infiltrative process or mass such as

pulmonary apex Pancoast tumor”'”.

CONSERVATIVE MANAGEMENT

Preventive measures are essential to correct or eliminate
identified hazards, particularly in the workplace, as dis-
cussed below'”. The use of orthoses has also provided useful
results for distal symptoms in some patients'”. Rehabilita-
tion has been performed for many years according to Peet’s

protocol'”

, although a slightly modified protocol has often
been used in recent years, consisting of an initial phase of
analgesics and muscle relaxants, which appears to provide
better results (particularly in painful neurological form).
Correctly performed rehabilitation can provide long-term
relief of symptoms in about two-thirds of patients. It is par-
ticularly effective for proximal pain®”. In refractory forms,

multidisciplinary management is essential along with eval-

Cranial

\

\

uating the various factors participating in the maintenance
of chronic pain and a retraining program such as those pro-

posed for chronic low back pain'”.

SURGICAL MANAGEMENT

Surgical intervention is considered in patients with vascular
compression or NTOS that do not respond to conservative
management. The three major surgical approaches to de-
compression of the thoracic outlet are transaxillary, supra-
clavicular, and posterior, although there are many variations
and preferences that are surgeon dependent.

1. Transaxillary

First described by Roos™ in 1966, the transaxillary approach
is the most commonly performed approach today. Propo-
nents claim that it provides superior exposure for first rib re-
section, as well as for the removal of cervical ribs and fibrous
bands, with a more cosmetic scar. In a review of TOS over
50 years, Urschel and Razzuk’, describe the transaxillary
approach as an initial surgical approach through which they
perform first rib and costoclavicular ligament resection,
splenectomy, and C7, C8, and T1 neurolysis. They argue
that while first rib resection can be accomplished via the
supraclavicular approach, visualization is poor and requires
retraction of the neurovascular structures.

2. Supraclavicular
The supraclavicular approach provides a more favorable
exposure of the upper brachial plexus, the neck of the first

Caudal

Fig. 6. Left supraclavicular approach for anterior and middle scalene muscle resection for treatment of neurogenic thoracic outlet syn-
drome. (A) The exposed subclavian artery and brachial plexus (white arrow) after resection of anterior scalene muscle. (B) The middle

scalene muscle (white arrow) behind the brachial plexus.
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rib, and the neurovascular structures. This approach is pre-
ferred by surgeons who perform isolated scalenectomies
and removal of cervical ribs for NTOS'”. Scalenectomy may
be considered in patients with upper plexus-type NTOS, pa-
tients with TOS symptoms in the absence of abnormal bony
architecture, patients who are excessively muscular or obese,
or patients with recurrent TOS following prior first rib resec-
tion”. Although the supraclavicular approach may provide
poorer exposure of the first rib compared with the transaxil-

31)

lary approach, Terzis and Kokkalis™ "’ reported good outcomes
and fewer complications with the supraclavicular approach
for first rib resection. If arterial reconstruction is necessary,

the supraclavicular approach is preferred™ (Fig. 6).

3. Posterior

The posterior approach, first described by Clagett” in 1962,
allows better exposure of the proximal component of the
brachial plexus for neurolysis; however, the approach is
more invasive and it can lead to postoperative shoulder
morbidity and scapular winging™”. Urschel and Razzuk™
reserve the posterior approach for removing rib remnants
and performing brachial plexus neurolysis for patients with
recurrent TOS.

CONCLUSION

A meticulous history and thorough physical examination
are the most important factors for establishing a diagnosis
of TOS. When indicated, radiographic and laboratory tests
can improve diagnostic yield. Provocative positional ma-
neuvers should be evaluated for vascular and neurological
response. These maneuvers cannot make the diagnosis but
can be a useful adjunct for confirming the diagnosis. VTOS
is less common and often requires surgical treatment. NTOS
is very common but less frequently requires surgical treat-
ment. The selection of surgical approach and procedure
must be determined by the nature of the pathologic condi-
tion and compression site.
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INTRODUCTION

Cervical spine injuries are not typically accompanied by
other injuries, compared to thoracolumbar spinal injuries .
Therefore, it is relatively easy to isolate and evaluate the
impact of cervical spine injuries on the patient's prognosis

Objective: This study examined the characteristics of patients with cervical spine injuries
caused by industrial accidents and analyzed the factors related to mortality.

Methods: In total, 424 patients with cervical spine injuries who visited our hospital from 2016
to 2020 were divided into an industrial accident and non-industrial accident groups. Age, sex,
fracture severity, facet injury, high cervical injury, spinal epidural hematoma, spinal cord injury,
shock, arrival route, Injury Severity Score (ISS), Glasgow Coma Scale (GCS), mortality, and
trauma mechanism were compared between the two groups. Regression analysis was per-
formed to determine the factors affecting mortality.

Results: Industrial accident patients significantly differed from the rest of the study popula-
tion in terms of the sex ratio (male ratio, 95.1% vs. 77.8%; p<0.001), arrival route (direct
transport, 61.2% vs. 50.9%; p=0.017), and trauma mechanism (p<0.001). Among the trauma
mechanisms, falls had the largest difference between industrial accident patients and all pa-
tients (55.3% and 28.1%, respectively). Significant associations with mortality were found for
falls (odds ratio [OR], 22.330; p=0.015), ISS (OR, 1.056; p=0.008), GCS <9 (OR, 0.014;
p<0.001), and shock (OR, 7.290; p<0.001).

Conclusion: Falls were the most frequent trauma mechanism of cervical spine injuries in pa-
tients who experienced industrial accidents. The factors significantly correlated with mortality
were falls, ISS, GCS <9, and shock.

Keywords: Accidents, occupational; Spinal injuries; Trauma centers

as the impact of injuries in other organs is minimal*”. Due
to the highly mobile nature of the cervical spine, serious
injuries, such as spinal cord injuries, can occur even with
' low-energy forces that do not cause fractures'*””. Despite
a small degree of damage, upper spinal cord injury due to

cervical spine injury can significantly affect the neurological
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symptoms and functional prognosis of the patient across the
whole body.

The prevalence of spine injury and accompanying spinal
cord injury differs across countries and regions”*”. In the
case of spinal cord injury, in developed nations, it has been
reported variably as 11.5 to 53.4 persons per million persons
and 13.0 to 220.0 persons per million™"'"*”,

There have been limited investigations on the prevalence
of spinal injuries in South Korea. Despite the limited stud-
ies on spinal cord injury, those using the Health Insurance
Review and Assessment Service data have recently been re-
ported, but patients in industrial and traffic accidents were
not included”.

Our trauma center is near petrochemical and heavy in-
dustry complexes such as oil refineries and large shipyards,
so we manage patients from various industrial accidents. In
addition, cervical trauma caused by industrial accidents is
estimated to have poor outcomes due to the severity of the
trauma mechanism.

Therefore, this is the study to examine the characteristics
of patients with cervical spine injuries caused by industrial
accidents and analyze the factors related to mortality.

MATERIALS AND METHODS

This study was approved by our Institutional Review Board,
and the requirement for informed consent was waived due
to the retrospective nature of this study. (2021-04-039)

This retrospective, the single-centered study enrolled
45,586 patients who visited our emergency room due to
trauma from January 2016 to May 2020. Among them, 424
patients with cervical spine injuries were included. Patients
with cervical spine injury patients were classified as indus-
trial accident patients (n=103) and the total patients (n=424).
Industrial accident patients were defined as patients who
had injuries that occurred during work hours according to
the emergency room medical record review. For each pa-
tient group, age, sex, fracture severity, facet injury, high cer-
vical injury, spinal cord injury, level of spinal injury, spinal
epidural hematoma, traumatic brain injury (TBI), trauma
mechanism, Injury Severity Score (ISS), Glasgow Coma
Scale (GCS), shock, visit route, hospital stay, intensive care
unit stay, and mortality were analyzed. Trauma mechanisms
were classified as driver traffic accidents (TAs), passenger
TA, pedestrian TA, motorcycle accidents, bicycle accidents,

10 www.thenerve.net

falls, slips, heavy equipment accidents, and others.

The fracture severity was classified into grade 0 to 3 as
indicated by the AO Spine Subaxial Cervical Spine Injury
classification system®” (Grade 0: No fracture or AO spine
subaxial classification A0; Grade 1: AO spine upper cervical
classification type A, AO spine subaxial classification Al to
A4; Grade 2: AO spine upper cervical classification type B,
AO spine subaxial classification type B; Grade 3: AO spine
upper cervical classification type C, AO spine subaxial clas-
sification type C). The injury level was divided into upper (C2
or higher) and lower cervical spine (C3 or lower). The shock
was a systolic blood pressure of <90 mmHg in the emergen-
cy room. Facet injury, spinal cord injury, spinal epidural
hematoma, TBI, and mortality were classified as present or
absent.

Statistical Analysis

The SPSS software (version 24.0; IBM Corp., Armonk, NY,
USA) was used for statistical analysis. Categorical variables
were analyzed by performing the chi-square test, while
continuous variables were by performing the independent
sample f-test. In addition, multiple regression analysis was
performed to confirm the relationship between each factor
on mortality.

RESULTS

Of the 424 patients with cervical spine injuries, when com-
paring total patients and industrial accident patients, 330
(77.8%) and 98 (95.1%) were men. The male ratio was sig-
nificantly higher in the industrial accident patients com-
pared to the total patients (p<0.001). The mean age for the
total and industry accident patients was 53.58 + 15.91 and
53.94 + 13.36, respectively, with no significant difference.
There were no significant differences in fracture severity,
facet injury, high cervical injury, spinal epidural hematoma,
spinal cord injury, ISS, GCS, shock, TBI, hospital stay, and
intensive care unit stay.

When compared based on the visit route, there was a sig-
nificant difference in direct transport with 216 (50.9%) in
the total patients and 63 (61.2%) in the industrial accident
patients (p=0.017). There was also a significant difference
in the trauma mechanisms (p<0.001). For the total patients,
there were 70 driver TAs (16.5%), 42 passenger TAs (9.9%), 48
pedestrian TAs (11.3%), 35 motorcycle TAs (8.3%), 32 bicycle
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TAs (7.5%), 119 incidents of fall (28.1%), 45 slips (10.6%),
8 heavy equipment accidents (1.9%), and others were 25
(5.9%). Meanwhile, for the industrial accident patients, the
incidence of driver TA was 14 (13.6%), passenger TA was
1 (1.0%), pedestrian TA was 2 (1.9%), motorcycle TA was 1
(1.0%), bicycle TA was 0 (0.0%), fall was 57 (55.3%), slip was
5 (4.9%), heavy equipment accident was 8 (7.8%), and others
were 15 (14.6%). Among the trauma mechanisms, there was
a marked difference between the total patients and the in-
dustrial accident patients in the category of falls (Table 1).

Simple and multiple regression analyses were performed
for each factor to elucidate the contributing factors of mor-
tality in patients with cervical spine injuries.

In simple regression analysis, high cervical injury
(p<0.001), spinal cord injury (p=0.002), ISS (p<0.001), GCS
<9 (p<0.001), shock (p<0.001), and TBI (p<0.001) were
statistically significant. In multiple regression analysis, fall
injury mechanism (p=0.015; odds ratio [OR], 22.330; 1.812-
275.180), ISS (p=0.008; OR, 1.056; 1.015-1.099), GCS <9
(p<0.001; OR, 0.014; 0.003-0.065), and shock (p=0.001; OR,

Table 1. Comparison of all patients and industrial accident patients with cervical spine injuries

Total (n = 424) Industrial accident (n = 103) p-value

Sex (male) 330(77.8) 98 (95.1) <0.001*
Age (years) 53.58 + 15.91 53.94 + 13.36 0.770
Fracture severity 0.116

Grade O 344 (81.1) 78 (75.7)

Grade 1 38(9.0) 12 (11.7)

Grade 2 26 (6.1) 7 (6.8)

Grade 3 16 (3.8) 6 (5.8)
Facet injury 77 (18.2) 21 (20.4) 0.500
High cervical injury 105 (24.8) 24 (23.3) 0.693
Spinal epidural hematoma 16 (3.8) 6 (5.8) 0.209
Spinal cord injury 195 (46.0) 46 (44.7) 0.756
SCI level 0.780*

No injury 229 (54.7) 57 (55.9)

High cervical 26 (6.5) 6 (5.9)

Subaxial cervical 159 (37.9) 38(37.3)

CT junction 5(1.2) 1(1.0)
ISS 19.76 £ 14.98 20.08 + 14.08 0.803
GCS<9 69 (16.3) 14 (13.6) 0.397
Shock (SBP < 90 mmHg) 62 (14.6) 11 (10.7) 0.193
Arrival route (direct transport) 216 (50.9) 63 (61.2) 0.017*
Trauma mechanism <0.001*

Driver TA 70 (16.5) 14 (13.6)

Passenger TA 42 (9.9) 1(1.0)

Pedestrian TA 48 (11.3) 2(1.9)

Motorcycle accident 35(8.3) 1(1.0)

Bicycle accident 32(7.5) 0(0.0)

Fall 119 (28.1) 57 (55.3)

Slip 45(10.6) 5(4.9)

Heavy equipment accident 8(1.9) 8(7.8)

Others 25 (5.9) 15 (14.6)
Traumatic brain injury 132 (31.1) 34 (33.0) 0.632
Hospital stay (days) 28.15+39.14 27.09 +29.92 0.752
Intensive care unit stay (days) 9.63 + 25.40 9.02 + 18.60 0.779

The data is presented as number (%) or mean + standard deviation.

SCl: spinal cord injury; CT junction: cervicothoracic junction; ISS: Injury Severity Score; GCS: Glasgow Coma Scale; SBP: systolic blood pressure; TA: traffic

accident.
*Statistical significance.
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7.290; 2.182-24.349) were statistically significant (Table 2).
The frequency of the anterior, posterior, and anteropos-
terior fusions was compared in patients who underwent fu-
sion due to cervical spine injury, depending on whether they
were industrially or non-industrially injured. For 74 patients
with a non-industrial accident, anterior fusion was per-
formed in 42 patients (56.8%), posterior fusion in 22 (29.7%),
and anteroposterior fusion in 10 (13.5%). Furthermore. 10
(50.0%) out of 20 patients who had industrial accidents un-
derwent anterior fusion, posterior fusion in 3 (15.0%), and
anteroposterior fusion in 7 (35.0%). Moreover, the propor-

tion of industrial accident patients who underwent antero-
posterior fusion was higher than that of non-industrial acci-
dent patients, but there was no statistically significant result
(p=0.066). The number of fusion segments was compared
to whether the patient had an industrial or a non-industrial
accident and underwent fusion due to cervical spine injury.
In the case of non-industrial accident patients, 1- (n=21,
28.4%), 2- (n=35, 47.3%), 3- (n=11, 14.9%), and 4-segment
fusions (n=7, 9.5%) were implemented. In addition, in the
case of industrial injury patients, 1- (n=11, 55.0%), 2- (n=>5,
25%), 3- (n=1, 5%), and 4- (n=3, 15.0%) were implemented.

Table 2. Contributing factors to mortality in patients with cervical spine injury

Total (n = 424) Mortality (n = 44) Univariate Multivariate
p-value p-value OR (95% CI)
Sex (male) 330(77.8) 35(79.5) 0.772
Age (years) 53.58 + 15.91 48.98 £ 19.21 0.093
Fracture severity 0.886
Grade O 344 (81.1) 36(81.8)
Grade 1 38(9.0) 3(6.8)
Grade 2 26 (6.1) 3(6.8)
Grade 3 16 (3.8) 2 (4.5)
Facet injury 77 (18.2) 6(13.6) 0.411
High cervical injury 105 (24.8) 30 (68.2) <0.001*
Spinal epidural hematoma 16 (3.8) 1(2.3) 0.581
SCI level 0.002*
No injury 229 (54.7) 14 (33.3)
High cervical 26 (6.2) 20 (47.6)
Subaxial cervical 159 (37.9) 8(19.0)
CT junction 5(1.2) 0(0.0)
ISS 19.76 £ 14.98 44.69 £ 19.91 <0.001* 0.008* 1.056 (1.015-1.099)
GCS<9 69 (16.3) 40 (90.9) <0.001* <0.001* 0.014 (0.003-0.065)
Shock (SBP < 90 mmHg) 62 (14.6) 32(72.7) <0.001* 0.001* 7.290 (2.182-24.349)
Industrial accident 103 (24.3) 10 (22.7) 0.798
Avrrival route (direct transport) 216 (50.9) 27 (61.4) 0.144
Trauma mechanism 0.680
Driver TA 70 (16.5) 3(6.8) 0.198 reference
Passenger TA 42 (9.9) 2 (4.5) 0.084 15.558 (0.691-350.508)
Pedestrian TA 48 (11.3) 8(18.2) 0.580 1.985 (0.174-22.587)
Motorcycle accident 35(8.3) 6(13.6) 0.596 1.967 (0.161-23.994)
Bicycle accident 32(7.5) 3(6.8) 0.411 4.412 (0.128-151.966)
Fall 119 (28.1) 20 (45.5) 0.015* 22.330 (1.812-275.180)
Slip 45 (10.6) 1(2.3) 0.061 26.176 (0.858-798.632)
Heavy equipment accident 8(1.9) 1(2.3) 0.356 20.216 (0.034-12053.147)
Others 25 (5.9) 0(0.0) 0.998 0(0)
Traumatic brain injury 132 (31.1) 26 (59.1) <0.001*

The data is presented as number (%) or mean + standard deviation.

OR: odds ratio; Cl, confidence interval; SCI: spinal cord injury; CT junction: cervicothoracic junction; ISS: Injury Severity Score; GCS: Glasgow Coma Scale;

SBP: systolic blood pressure; TA: traffic accident.
*Statistical significance.
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There was no clear difference between the two groups and
no statistical significance was observed (p=0.080). In the in-
dustrial accident patient group, whether the operation with
spinal fusion was investigated based on the fall mechanism.
Finally, in the non-fall group (n=46), fusion was performed
in 5 patients (10.9%), while in the fall patient group (n=57),
fusion was performed in 15 patients (26.3%). The difference
between the two groups was statistically significant (p=0.049)
(Table 3).

DISCUSSION

The ratio of men, direct transport, and fall trauma mecha-
nism was higher in industrial accident patients than in the
total patients. Regarding sex, the ratio of male workers tends
to be high because our trauma center is located in heavy
industry and chemical complexes. The direct transport rate
is high in industrial accident patients because the patient
transfer system is relatively capable in case of an accident
in the workplace. In addition, it is considered that the fall-
ing ratio is high because there are many high-altitude work
sites due to the nature of heavy industry work, such as ship-
yards".

Mortality was associated with ISS, GCS, and shock”'”.
In the case of high cervical injury and TBI, the univariate
analysis showed a significant correlation, but the multivar-
iate analysis did not. This may be due to the confounding

effect of falls, which is significantly related to the trauma
mechanism'”. For the trauma mechanism, it was confirmed
that TBI (p=0.006, coefficient 0.137) and high cervical inju-
ry (p=0.005, coefficient 0.136) had a significant correlation
from the Pearson correlation analysis results. This is due to
the high energy mechanism of a fall, which has a high rate in
the trauma mechanism of industrial accident patients.

As described above, it was confirmed that fall appears as
a factor influencing mortality due to cervical spine injury,
but its effect on mortality does not solely depend on its high
energy mechanism. Falling from both high and low heights
may cause spinal injuries”. Although not differentiated in
this study, a fall from a relatively low height (approximately 1
m) can cause significant damage to the cervical spinal cord”.
This is particularly significant for middle-aged and older

populations with underlying cervical spondylosis™'**"**), In

29)

a study by Zhang et al.”” with 1,858 patients with traumatic
spinal injury, a fall from a low height occurred more fre-
quently with older age. The incidence of associated injuries
to other body parts was low but had more severe neurologic
deficits, suggesting cervical or upper thoracic cord inju-
ry””. As the population of industrial workers is aging, more
attention should be given to preventing fall (high and low
heights) injuries.

Although the prevention of accidents in industrial sites
is very important, whenever a cervical cord injury occurs,

a quick initial evaluation should be done, and when neces-

Table 3. The operation type and the number of segments of spinal fusion in patients with industrial accidents

Total (n = 94, 22.2%) Industrial accident (n = 20, 19.4%) p-value
Anterior approach 0.066"
1 level 25 (26.6) 9 (45.0) 0.080"
2 levels 25 (26.6) 1(5.0)
3 levels 2(2.1) 0 (0.0)
>4 levels 0 (0.0 0(0.0)
Posterior approach
1 level 2(2.1) 0 (0.0)
2 levels 1 (1.7) 2 (10.0)
3 levels 6 (6.4) 0 (0.0)
>4 levels 6 (6.4) 1(5.0)
Anteroposterior approach
1 level 5(5.3) 2 (10.0)
2 levels 4 (4.3) 2 (10.0)
3 levels 4(4.3) 1(5.0)
>4 levels 4 (4.3) 2 (10.0)

*A linear-by-linear association value for comparison of all patients and the industrial accident group for operation type.
*A linear-by-linear association value of all patients and the industrial accident group for the number of segments of the spinal fusion.
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sary, prompt intervention is required*". Fehlings et al.” con-
ducted a multicenter, nonrandomized, prospective cohort
study comparing the differences in neurological prognosis
depending on whether early surgery was performed in 313
patients with cervical cord injury and showed that patients
who underwent early decompression surgery showed a
significantly higher rate of >2-point grade improvement in
the American Spinal Injury Association Impairment Scale 6
months after receiving the treatment than the group without
early decompression surgery (OR, 2.83; 95% confidence in-
terval, 1.10-7.28). Thus, it is necessary to transport patients
directly to a trauma center that can promptly manage these
patients after being dispatched from the scene. In this study,
the direct transport rate of patients with cervical spine injury
due to industrial accidents was approximately 61.2%, higher
than the total patients (50.9%). Therefore, it is necessary to
strengthen coordination between industries and emergency
transport authorities to improve the direct transport rate to
trauma centers.

In the analysis of patients who underwent spinal fusion
for a cervical spine injury, the proportion of industrial acci-
dent patients who underwent simultaneous anteroposterior
fusion compared to non-industrial accident patients tend-

L

.M?V“’? o

a
:
=

4

ed to be higher but was not statistically significant. In the
subgroup analysis of the operation with spinal fusion, the
spinal fusion frequency was significantly higher in patients
with injuries caused by a fall. This may be due to the degree
of instability caused by high-energy injuries being relatively
higher in industrial accident patients, especially those in
the fall group. In this study, the AO spine subaxial cervical
spine injury classification system was used as a classification
criterion for the degree of cervical spine injury. However, in
the Allen and Ferguson classification, which was based on
the mechanism of cervical spine injury, the prognosis may
be particularly poor in the distractive extension injury due
to the accompanying spinal cord distraction and brain stem

2% This study introduced the cases of distractive

injuries
extension injury among cervical spine injury patients (Fig. 1,
2).

Finally, when cervical spinal cord injury is suspected in
the workplace, additional damage prevention is required
through a cervical collar application. Patients with cervical
spinal cord injury have limited functional recovery and a
low rate of return to work after the injury'*'*'**". Therefore
when a cervical spinal cord injury is suspected, it is im-
portant to prevent further damage by applying preemptive

Fig. 1. Fatal cases of distractive extension injury-induced cervical dislocation. (A) A 58-year-old man was injured in a pedestrian traf-
fic accident. Cardiopulmonary resuscitation (CPR) was performed during transport to the hospital. Cervical dislocation at C1/2 was
confirmed, and no specific damage was confirmed in other body parts. He expired the day after admission. (B) A 55-year-old man was
injured in a pedestrian traffic accident. CPR was performed on-site. Cervical dislocations at C1/2, C6/7 and traumatic subarachnoid hem-
orrhage were confirmed, and no other specific damage was confirmed in other body parts. He expired in the hospital on day 17 after
admission. (C, D) A 60-year-old man was injured by falling from a 20-m height in a shipbuilding yard. CPR was performed while the pa-
tient was being transferred to our hospital after an initial evaluation at an external hospital. Cervical dislocations at C1/2 and C5/6 were
confirmed, and emergency surgery was performed for thoracic and intra-abdominal bleeding. He expired on the third day of admission.

14 www.thenerve.net
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Fig. 2. Surviving case of distractive extension injury-induced cervical dislocation. A 30-year-old man, wearing a helmet, had his upper
body caught and damaged by heavy equipment. Cardiopulmonary resuscitation was performed on-site. Cervical dislocation at C2/3 was
confirmed, and multiple rib fractures and pneumothorax were confirmed. Due to the patient's poor general condition, surgical interven-
tion for the cervical spine was performed on hospital day 35. He remained hospitalized for about a year due to treatment for bedsores
and respiratory complications, and was then discharged with a tracheostomy using a portable ventilator. (A) Initial cervical spine X-ray. (B,
C) Initial cervical spine computed tomography. (D) Sagittal plane of cervical spine magnetic resonance imaging. Brainstem signal intensi-

ty changes are confirmed. (E, F) Postoperative cervical spine X-ray.

cervical immobilization before transporting the patient”. In
addition, educating field emergency personnel regarding
these measures will improve patient outcomes. There are
concerns about prophylactic cervical orthosis. In patients
with reduced consciousness due to head injury, the cervical

orthosis may cause an increase in intracranial pressure by
inhibiting jugular venous return and may induce addition-
al spinal cord injury by promoting cervical distraction in a
cervical spine fracture accompanied by ankylosing spondy-

litis™. Therefore, caution is required in these circumstances.
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This study has limitations. First, our study result may be
biased due to its retrospective nature. Second, there was no
direct association between industrial accidents and mor-
tality. However, since the fall rate was high in patients with
industrial accidents, and the trauma mechanism was signifi-
cantly related to mortality, a relationship between industrial
accidents and mortality may be assumed. Lastly, this study
cannot represent all industrial accident patients. However,
as our trauma center is the only tertiary general hospital and
trauma center in the region that manages severe trauma pa-
tients, the characteristics of our industrial accident patients
may be used as a reference.

However, as our trauma center is the only trauma center
in the region that manages severe trauma patients, the char-
acteristics of our industrial accident patients may be used
as a reference. Third, in order to obtain accurate results, it is
necessary to compare the non-industrial accident group and
the industrial accident group directly. Although this study
has a limitation in that the comparison between the total
group and the industrial accident group is performed, it may
be helpful to investigate the characteristics of the industrial
accident group.

CONCLUSION

The most common mechanism of cervical spine injury in
patients involved in industrial accidents is fall. Fall as the
mechanism of injury, ISS, GCS <9, and shock had a signifi-
cant correlation with mortality.
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Objective: Approximately 90% of spinal fractures occur at the thoracolumbar (T-L) junction
and may be accompanied by neurological symptoms, in which decompression and post-fixa-
tion are generally performed. However, decompression surgery can aggravate patients' symp-
toms due to adverse incidents, such as developing postoperative hematomas or iatrogenic spi-
nal cord injury. This study compared the surgical and radiographic outcomes of patients with
T-L junction burst fractures and neurological deficits who underwent direct or indirect decom-
pression.

Methods: We retrospectively reviewed all patients who had undergone posterior surgical
treatment for T-L junction burst fractures with neurologic deficits. Patients were classified ac-
cording to the procedure: indirect decompression (group 1) or spinal decompression through
laminectomy and facetectomy (group 2). Clinical results and radiologic findings were com-
pared between the two groups for 2 years.

Results: Among 57 patients who met the inclusion criteria, 29 were categorized into group 1,
and 28 were categorized into group 2. Group 1 had a statistically significantly lower Oswestry
Disability Index score than group 2 at the final follow-up visit (p=0.03). In group 1, both the
T-L junction angle and wedge angle of the injured vertebrae improved significantly, both im-
mediately after surgery (p=0.02 and p=0.01, respectively) and at the final follow-up visit
(p=0.01 and p=0.01, respectively). In group 2, the difference between the pelvic incidence and
lumbar lordosis was significantly greater than in group 1 at the final follow-up visit (p=0.02).
Conclusion: This study confirmed that symptoms could be sufficiently improved with indirect
decompression, which should be kept in mind for cases where it is difficult to perform direct
decompression,

Keywords: Spinal fractures; Thoracic vertebrae; Visual analog scale
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INTRODUCTION

Approximately 90% of spinal fractures occur at the thoraco-

7,15,28)

lumbar (T-L) junction , including burst fractures and T-L
vertebral collapse. T-L burst fracture is defined according to
the presence of fractures or comminutions in both the ante-
rior and middle columns, with the bony fragments retracted
into the spinal canal”. A T-L burst fracture with a fractured
and reverse-oscillating posterior vertebral wall can cause
neurological deficits when bone fragments persist in the

19,27

spinal canal during or after trauma'”*”. Without appropriate
treatment, these complications substantially affect physical
health, occupational daily activities, and overall quality of
life'”.

Surgery is primarily indicated to relieve spinal cord com-
pression and restore neural function”*”””. In patients diag-
nosed with fractures of the vertebral bodies and posterior
elements with some degree of misalignment of the spine
or those with T-L junction fractures presenting with spinal
canal injuries and neurological symptoms, timely decom-
pression and internal immobilization should be performed
to restore vertebral body height and vertebral canal volume.
The goal is to restore spinal stability as soon as possible in
accordance with current medical guidelines'**".

Various surgical options are available for the manage-
ment of T-L burst fractures, including posterior fixation and
decompression, as well as direct anterior decompression
through vertebral resection®'”'**”. Posterior decompression
and fixation are the most commonly implemented methods.
However, decompression can aggravate neurologic symp-
toms, with postoperative hematomas or spinal cord injury
commonly presenting in patients who have difficulty coag-
ulating”. In contrast, indirect decompression can decom-
press nerve tissue without excising the compressed tissue.
This method is primarily performed through distraction
between the two vertebrae, which opens the neural foramen
and increases the epidural space. Therefore, this technique
allows for nerve tissue decompression without excision of
the compression fragment. Distraction and ligamentotaxis
indirectly lead to reduced fracture fragments, resulting in
restoration of corpus height, kyphosis correction, and canal
widening'*"”.

We ought to establish the surgical outcomes of indirect
decompression in patients with T-L junction burst fractures
presenting with neurological deficits. Toward this goal, we

retrospectively evaluated the surgical outcomes of patients
who underwent indirect decompression surgery and com-
pared these outcomes to patients who underwent posterior
fixation after laminectomy.

MATERIALS AND METHODS

1. Demographic Evaluation

The institutional review board at the participating medical
center approved this study. Patients who underwent surgery
at our tertiary medical center between August 2013 and Jan-
uary 2020 for traumatic T-L junction fractures with neuro-
logical deficits were retrospectively reviewed.

We included patients who (1) underwent posterior fusion
surgery for a single-level burst fracture of the T-L junction
from the T11 to L2 level with traumatic spinal cord injury;
(2) had no prior history of spinal surgery; (3) had received
surgical treatment within 48 hr after trauma; (4) only had
radiating pain without motor function impairment; and (5)
had a minimum follow-up of 24 months.

We excluded patients who (1) had a follow-up period
shorter than 24 months; (2) presented with multi-level spi-
nal fractures; (3) had a history of previous posterior spinal
surgery; (4) had severe comorbidities (e.g., cancer metasta-
sis, infectious diseases) that may adversely affect bone heal-
ing; and (5) experienced neurological defects such as motor
weakness or cauda equina syndrome. Indirect decompres-
sion surgery was performed in patients for whom direct
decompression surgery could not be performed due to age,
underlying disease, and medications. Direct decompression
and post-fixation surgery were performed in all other pa-
tients.

Demographic data were collected through questionnaires
administered to all patients, including data on age, sex,
underlying disease, injured vertebra level, smoking history,
body mass index (BMI), surgical details, a range of follow-up
information, data abstracted from electronic medical re-
cords, estimated blood loss during surgery, and operative
times. We did not obtain consent for participation from the
enrolled patients owing to the retrospective nature of the
study. Thus, the normal requirement for informed consent
was waived during the ethics review process.

2. Pain and Quality of Life Evaluation
Patient-reported questionnaires were administered before
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surgery during outpatient clinic visits. Pain levels were
quantified using a visual analog scale (VAS) with respect to
back and leg pain both pre- and post- operatively (immedi-
ate, 12-month, and 24-month follow-up). The effects on dis-
ability and quality of life were measured using the Oswestry
Disability Index (ODI) questionnaire at the same time
points. A satisfaction questionnaire evaluating the received
treatment was also administered. In cases where it was dif-
ficult for patients to complete a questionnaire, results were
verified by a telephonic interview conducted with a member
of the study staff.

3. Operative Technique

All patients were placed in a prone position with a Wilson
frame adjoining the thoracic and iliac spines, thus straining
the anterior columns of the spine to reset the spinal curva-
ture. A midline skin incision was made, and the paraverte-
bral muscles were separated bilaterally from the spinous
process to expose the lamina and facet joint. The pedicle of
the fractured vertebral body was evaluated using C-arm flu-
oroscopy. Segmental screws were inserted into one or two
vertebrae above and one vertebra below the level of the frac-
ture via the freehand technique. Six to eight pedicle screws
were inserted into the pedicle. Polyaxial pedicle screws were
inserted into the upper and lower normal vertebrae, and ax-
ial pedicle screws were inserted into the fractured vertebrae.

Fig. 1. A T12-L1 rod was distracted for the purpose of L1 indirect
vertebral body decompression in patients with L1 burst fractures.

20 www.thenerve.net

A screw 5 to 10 mm shorter than the vertebra was inserted
into the pedicle screw of the upper and lower normal verte-
brae. The connecting rod was then inserted and fixed with a
cap.

In group 1 (the indirect decompression group), indirect
decompression can be achieved through distraction by
identifying areas with burst fractures, dura compression,
and segmental kyphosis with a C-arm and performing dis-
traction between the posterior segmental instruments above
and below the area (Fig. 1).

In group 2 (the direct decompression group), we per-
formed posterior decompression, including laminectomy
and facetectomy, to widen the spinal canal when cord com-
pression was observed following a fracture.

4. Radiographic Evaluation

We performed magnetic resonance imaging (MRI) and
multi-slice computed tomography imaging of the T-L spine
in all patients. Using sagittal MRI images, we calculated
dural sac compression due to epidural hematoma or bone
fragments. The dural compression ratio presents the ratio
of compressed to supposedly normal dura at the level of the
injury. This ratio was calculated using the following equa-
tion: (1 - C/[(A + B)/2]) x 100)"" (Fig. 2).

We measured the angle of the T-L junction, thus evaluat-
ing kyphosis according to the Cobb method”. The Cobb an-
gle was measured from the upper-end plate of T10 and the
lower-end plate of L2. We also measured spinal parameters.
These parameters included thoracic kyphosis (TK; T5-12),
lumbar lordosis (LL; L1-S1), and pelvic incidence (PI)-LL
mismatch. In addition, we recorded the wedge angle (WA) of
the injured vertebral body. All radiological parameters were
checked preoperatively, immediately postoperatively, and at
the final (24-month) follow-up visit.

5. Statistical Analyses

Continuous variables were described as the mean =+ stan-
dard deviation, and categorical variables were expressed as
frequencies or percentages. Additionally, Student’s t-test, XZ,
and Fisher’s exact tests were used to determine statistically
significant differences in radiological and clinical outcomes
between the two groups. All statistical analyses were per-
formed using SPSS Statistics for Windows, Version 17.0 (IBM
Corp., Armonk, NY, USA). A p-value of less than 0.05 was
considered statistically significant.
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Fig. 2. Dural compression ratios were calculated using the fol-
lowing equation: (1-C/[A+B]/2)x100. We evaluated (A) the dura
mater at the cephalad non-compressed level, (B) the dura mater
at the caudal non-compressed level, and (C) the dura mater at the
injury level.

LimJW, etal. Analysis of Clinical Radiological Findings
RESULTS
1. Demographic Analysis

A total of 57 patients were enrolled in this study. Among
these patients, 29 were categorized into group 1, and 28
were categorized into group 2. Among those in group 1, 19
were taking anticoagulants, 7 were >80 years old, and 3 had
a hematologic disease. Serious complications, such as nerve
root and spinal cord injuries, screw malposition, broken
screws, and rods, hematomas pressing on the spinal cord, or
wound infections, were not observed in enrolled patients.
Age, sex, underlying disease, fractured vertebra level, bone
marrow density, BMI, and smoking history distributions did
not significantly differ between the two groups (Table 1).

2. Comparative Analysis of Surgical Information
Intraoperative bleeding volume was lower in group 1 vs.
group 2; however, this difference was not statistically sig-
nificant. In addition, there were no significant differences
in the surgical level at which fixation was performed or the
preoperative dura compression ratio. However, the indirect
decompression group had a significantly shorter mean op-
erative time than the direct decompression group (31 min,
p=0.03; Table 2).

Table 1. Comparative descriptive statistics with respect to medical and demographic variables

Group Group 1 (indirect decompression) Group 2 (direct decompression) p-value
Age 62.15 £ 9.50 60.52 + 10.41 0.61
Sex 0.47

Male 17 19

Female 12 9
Hypertension (%) 343 37.1 0.81
Diabetes mellitus (%) 12.5 25.7 0.21
Smoking (%) 34.3 34.2 0.97
BMI 24.00 + 3.24 2458 + 3.48 0.48
BMD -1.38 £ 1.69 -1.49+£1.72 0.81
Injured vertebra 0.61

m 4 6

T12 1 3

L1 8 8

L2 6 n

The data is presented as number or mean = standard deviation.
BMI: body mass index; BMD: bone marrow density.
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Table 2. Comparison of surgical time, intraoperative bleeding, and surgical factors between the 2 groups

Group (surgical method) Group 1 (indirect decompression) Group 2 (direct decompression) p-value
Operation time (min) 126.06 + 44.92 157.39 + 61.26 0.03
Intraoperative blood loss (mL) 427.58 + 239.63 603.57 + 515.12 0.1
Fusion level 3.41£0.50 3.32+0.47 0.47
Dural compression ratio 0.27 £0.14 0.29 £ 0.10 0.55
Table 3. Clinical outcomes during the study follow-up period of both groups
Group (surgical method) Group 1 (indirect decompression) Group 2 (direct decompression) p-value
VAS (back)
Preoperative 8.37 £ 0.67 8.50 + 0.96 0.58
Immediately postoperative 5.58 + 1.99 510 £ 1.91 0.35
Final follow-up 3.00 + 2.03 3.64 £ 2.02 0.23
VAS (leg)
Preoperative 7.86 + 1.12 7.03 £2.25 0.08
Immediately postoperative 351+ 1.74 410 +2.49 0.30
Final follow-up 2.82 +1.53 3.25+2.35 0.42
0Dl score
Preoperative 38.06 £ 5.30 39.71 £ 5.53 0.25
Immediately postoperative 22.86 + 5.33 22.82+9.34 0.98
Final follow-up 9.86 + 3.93 14.85 £ 9.37 0.03
VAS: visual analog scale; ODI: Oswestry Disability Index.
3. Clinical Outcome Table 4).
We found that the VAS and ODI scores before surgery as
well as immediately after surgery were lower in group 1 than  D|SCUSSION

in group 2, with no significant differences between the two.
However, at the final follow-up, patients in group 1 had sig-
nificantly lower ODI scores compared with those in group 2
(p=0.03; Table 3).

4. Comparative Radiological Results

No significant between-group differences were observed
for any of the pre-surgical radiologic parameters. Regarding
the WA of the injured vertebral body, it was confirmed that
the kyphotic angle was significantly smaller in group 1 com-
pared to that in group 2 immediately after surgery (p=0.01)
and at the last follow-up (p=0.01). In the angle of T-L junc-
tion, a statistically significantly smaller kyphotic angle was
observed in group 1 immediately after surgery (p = 0.02),
which was also confirmed at the final follow-up (p=0.01) (Fig.
3, Table 4). No significant differences in TK or LL were ob-
served between the two groups. Group 2 had a larger PI-LL
discrepancy than Group 1 at the final follow-up visit (p=0.02;
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This is the first study to compare the clinical and radiolog-
ical features of patients with T-L junction burst fractures
presenting with neurological symptoms who underwent
indirect decompression surgery with those of patients who
underwent direct decompression surgery.

The T-L junction segment is located at the physiological
stress concentration points of the spinal cord'”. Burst frac-
tures typically lead to various symptoms caused by spinal
cord compression due to the presence of bone fragments
and epidural hematomas. Decompression and post-fixation
are normally performed in the presence of neurological
symptoms. However, direct decompression of the spinal
cord area can aggravate hematomas or spinal cord injuries
and cause dural tearing””. Moreover, older age, anticoag-
ulant use, and many risk factors during surgery have been
identified as causes of postoperative spinal epidural hema-
toma™*'**”), Therefore, we performed indirect decompres-
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Fig. 3. Comparison of the vertebral body and thoracolumbar junction before and after surgery (24 months). Comparison of angular
changes between the direct decompression surgery group using lateral X-ray (A, preoperative; B, 24 months postoperative) and the indi-
rect decompression surgery group (C, preoperative; D, 24 months postoperative).

sion surgery for these at-risk patients.

Many studies have been conducted on partial lordosis and
total spinal alignment correction using indirect decompres-
sion with a posterior approach"”'”. In our study, the indirect
decompression group showed lower WA and T-L junction
angles. However, no significant differences were observed
with respect to TK and LL. Future studies performing sur-
geries involving larger numbers of patients and more levels
of the spine are needed.

In terms of PI-LL mismatch, we found a significant differ-
ence in the direct decompression group immediately after

*) viewed PI-LL mismatch as a key

surgery. Schwab et al.
parameter related to postoperative patient disability and
health-related quality of life. Seo et al.”” reported that a T-L
junction Cobb angle larger than 10.5° immediately after sur-
gery was associated with unfavorable radiological outcomes,
which, in turn, were associated with poor clinical outcomes.
In the current study, we confirmed that ODI scores were
worse in the direct vs. indirect decompression group. The
T-L kyphotic angle in the direct decompression group was
10.5° or higher. Consequently, we confirmed that clinical ra-
diological results improved in the indirect vs. direct decom-
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Table 4. Comparative radiologic parameters between the surgical groups

Group (surgery method) Group 1 (indirect decompression) Group 2 (direct decompression) p-value
Angle of the thoracolumbar junction

Preoperative 17.82 £ 10.05 17.28 £ 8.24 0.81

Immediately postoperative 6.85 + 4.17 10.51 £7.33 0.02

2 years (final follow-up) 8.89 + 5.39 13.51 + 5.72 0.01
Thoracic kyphosis

Preoperative 30.75 £ 10.92 30.21 = 10.65 0.85

Immediately postoperative 17.68 £7.68 19.57 £ 8.69 0.39

2 years (final follow-up) 24.62 £ 897 25.53 + 9.48 0.39
Lumbar lordosis

Preoperative 3579 + 8.85 37.28 £ 11.42 0.58

Immediately postoperative 44.34 £ 6.01 43.27 £9.63 0.58

2 years (final follow-up) 39.08 + 8.21 41.10 £ 6.29 0.31
PI-LL mismatch

Preoperative 27.83 £ 10.10 27.52 + 10.55 0.58

Immediately postoperative 20.75 £ 11.02 22.81 +10.87 0.44

2 years (final follow-up) 20.84 + 11.01 26.51 + 11.13 0.02
Wedge angle of injured vertebral body

Preoperative 19.55 + 8.21 19.46 £ 6.97 0.96

Immediately postoperative 7.563 +4.79 1217 £ 8.71 0.01

2 years (final follow-up) 8.24 + 7.00 12.60 + 4.69 0.01

PI: pelvic incidence; LL: lumbar lordosis.

pression group. Furthermore, there was less improvement
in kyphotic angle in the direct vs. indirect decompression
group, resulting in a larger T-L junction kyphosis and whole
spine malalignment, which consequently adversely affected
ODI score improvements.

In addition to the substantial strengths of this study, we
acknowledge several limitations. First, we enrolled a small
sample size selected from a single medical center. Moreover,
comparative study groups were lacking in the current study
design. In particular, comparisons were not made according
to various fracture shapes, e.g., pedicle fractures. Further
comparative studies involving larger case series and frac-
tures of various shapes are needed to confirm our findings
in patients with T-L junction vertebral fractures. Second,
the follow-up period was relatively short. Additional studies
with longer follow-up periods are required to validate the
neurological changes observed in this study.

CONCLUSION

In this study, the clinical and radiological results of direct
and indirect decompression were compared. We sought
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to confirm the usefulness of indirect decompression in
patients with T-L junction tear fractures and neurological
symptoms when direct decompression was difficult. Indirect
decompression was associated with better clinical outcomes
and improved radiographic alignment compared to direct
decompression. Further studies with more patients and lon-
ger duration are needed. However, our findings will serve as
areference to guide future research and provide direct infor-
mation for medical guidelines and clinical decision-making.
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Objective: This nationally matched longitudinal study aimed to investigate the relationship
between acute myocardial infarction (AMI) and ossification of the posterior longitudinal liga-
ment (OPLL) in Korea.

Methods: We collected patient data from January 1, 2004 to December 31, 2015 from the
National Health Insurance Service Health Screening Cohort. Patients with OPLL were defined
as patients with the International Classification of Diseases, Tenth Revision code M48.8 (other
specified spondylopathies) and were newly diagnosed through computed tomography imaging.
The OPLL group had a total of 1,289 patients. The control group included 6,445 people. Utiliz-
ing the Kaplan-Meier technique, The incidence of AMI in both groups was estimated. A Cox
proportional-hazards regression analysis was used to compute the AMI hazard ratio.

Results: After controlling for age and sex, the hazard ratio of AMI in the OPLL group was
2.065 (95% confidence interval [Cl], 1.228-3.474). The adjusted hazard ratio in the OPLL
group was 2.209 after restricting the sample for demographics and concomitant medical con-
ditions (95% Cl, 1.311-3.721). In a subgroup analysis, the incidence of AMI was substantially
greater in the OPLL group, which included women younger than 65 years and without hyper-
tension, diabetes, or dyslipidemia.

Conclusion: This nationwide longitudinal study found that patients with OPLL were at higher
risk of AMI.

Keywords: Epidemiology; Longitudinal ligaments; Myocardial Infarction; Population; Risk fac-
tors

© 2023 The Korean Society of Peripheral Nervous System
@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

27


https://doi.org/10.21129/nerve.2022.00248

The Nerve

KimJ, etal. Association of AMIwith OPLL

INTRODUCTION

Ossification of the posterior longitudinal ligament (OPLL)
is a rare pathologic process of lamellar bone deposition that
can result in spinal cord compression”. The prevalence of
OPLL has been estimated to be 0.6% to 4.6% in South Ko-
rea'"'**”, OPLL is a multifactorial disease caused by genetic
and environmental factorsgo), but the pathogenesis remains
poorly understood. OPLL is often found on multiple levels
rather than on a single level, and in many cases, it occurs
together with ossification of the anterior longitudinal lig-

30)

ament, ossification of the ligamentum flavum™, or diffuse

28)

idiopathic skeletal hyperostosis (DISH)™". Therefore, it may

be considered as part of a systemic disease rather than a
disease of a single lesion””.

In previous studies, the incidence of acute myocardial
infarction (AMI) was higher in patients with acute infec-
tions'”*”, and another study found that patients with pyo-
genic spondylitis had a higher risk of developing AMI'"”. We
considered the possibility of a relationship between AMI
and other spinal diseases, and OPLL was selected as the
target.

Given the paucity of studies demonstrating an associa-
tion between OPLL and AMI, we conducted a national lon-
gitudinal study to investigate whether there were significant

changes in the incidence of AMI in patients with OPLL.

MATERIALS AND METHODS

1. Data Source
We conducted the study based on data from the National
Health Insurance Service-Health Screening Cohort (NHIS-
HEALS) between 2004 and 2015. South Korea provides a
single-payer health insurance system supervised and man-
aged by the NHIS. The NHIS conducts health examinations
every 2 years for citizens aged 40 and older and annually for
non-office workers. The NHIS collects data on sociodemo-
graphic parameters (age, sex, average insurance premium,
residential area, and presence of disability), clinical infor-
mation (comorbidities, number of outpatient visits, and hos-
pitalization records), and the results from a national health
screening program. This collected information is stored in
the National Health Information Database (NHID)'**", and
the data is accessible to the public for research purposes.
The study protocol conformed to the ethical guidelines of
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the World Medical Association Declaration of Helsinki and

was approved by the Institutional Review Board of our study
(IRB No. 2020-01-011).

2. Study Design and Establishment

This sex-/age-matched cohort study aimed to determine the
potential risk of AMI in individuals with OPLL. The study
population included an OPLL group and a control group. For
the OPLL group, patients corresponding to the International
Classification of Diseases, Tenth Revision (ICD-10) codes
'M48.8' and 'M48.80' to 'M48.83' and those newly diagnosed
by computed tomography were selected. The NHIS-HEALS
cohort population consisted of the total number of patients
enrolled between January 1, 2002, and December 31, 2003,
which was 514,557; This accounts for about 10% of Koreans
over 40 who underwent national examinations during this
period. The selected population was followed up for 12 years
from January 2004 to December 2015.

From the NHIS-HEALS cohort population of 514,557 in-
dividuals, we screened 3,405 individuals corresponding to
ICD-10 codes 'M48.8"' and 'M48.80' to 'M48.83'. Excluding
1,977 patients who had not undergone CT imaging, 1,428
patients diagnosed with OPLL according to a CT scan were
selected. After excluding 139 patients diagnosed with OPLL
before January 1, 2004, 1,289 patients were finally selected
for the study (Fig. 1). Through 1:5 age- and sex-stratified
matching (without replacement) using a greedy-matching
algorithm with the R package 'MatchIT' software, 6,445 indi-
viduals were chosen as controls””.

The criteria for the selection of the patients with AMI are
as follows: (1) ICD-10 codes (121, 122); (2) brain CT or MRI;
and (3) hospitalization, as used in the previous studies'****”.
The NHIS-HEALS database was used to obtain information
about underlying comorbidities, such as hypertension, dia-
betes, and dyslipidemia. Patients in this study were followed
from the first episode of AMI until death or the end of the
follow-up period.

3. Statistical Analysis

Mean differences in demographic variables between the
OPLL and control groups were investigated using the x° and
Student's t-test. The Kaplan-Meier technique was used to
evaluate the survival rate without AMI in both groups. The
differences in the rates of surviving disease-free between the
groups were compared using the Wilcoxon’s log-rank test.
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Korea NIHSS database
(n =514,557)

)

OPLL
with ICD-10 code 'M48.8'
and 'M48.80'-'M48.83'
(n = 3,405)

Excluded 1,977 subjects
without CT imaging

A4

OPLL with CT image
(n=1,428)

Excluded 139 subjects
—— diagnosed before Jan. 1st,
2004.

A 4

Newly diagnosed OPLL
after Jan. 1st, 2004. enrolled after Jan. 1st, 2004.
(n=1,289) (n =6,445)

)

1:5 age- and sex-stratified matching

Control group

Fig. 1. A flow diagram depicting the cohort formation process. The
National Health Insurance Service-Health Screening Cohort (NHIS-
HEALS) was used in this 12-year longitudinal cohort study. NIHSS:
the National Institutes of Health Stroke Scale; OPLL: ossification
of the posterior longitudinal ligament; ICD-10: International Clas-
sification of Diseases, Tenth Revision; CT: computed tomography.

Multivariate studies employing a Cox proportional hazard
regression model were used to evaluate the impact of OPLL
on the subsequent occurrence of each event. Two Cox pro-
portional hazards regression models were employed; Model
1 was adjusted for age and sex, and Model 2 was adjusted for
the lowest quintile of income, age, sex, and accompanying
comorbidities. Subgroup analyses were also performed us-
ing Cox proportional hazards regression models to estimate
the effects of OPLL on the risk of each event. Data analysis
was performed using R software (version 3.3.3; The R Foun-
dation for Statistical Computing, Vienna, Austria).

Table 1. Characteristics of the OPLL and control groups

Variables OPLL (n = 1,289) Control (n = 6,445) p-value
Sex (male) 623 (48.33%) 3,115 (48.33%)

Age 57.4 £ 9.65 57.4 £ 9.65

Age > 65 339 (26.30%) 1.695 (26.30%)

Low income 314 (24.36%) 1,687 (26.18%) 0.186

Diabetes 127 (9.85%) 841 (13.05%) 0.002

Hypertension 470 (36.46%) 2,691 (41.75%) <0.001

Dyslipidemia 187 (14.51%) 1,122 (17.41%) 0.013

The data is presented as number (%) or mean + standard deviation.
OPLL: ossification of the posterior longitudinal ligament.

RESULTS

1. Characteristics of the OPLL and Control Groups
During the study period, 1,289 patients were newly diag-
nosed with OPLL. Males accounted for 48.33%. The average
age was 57.4+9.65 years, and the population aged 65 years or
older accounted for 26.30%. Among the patients with OPLL,
314 (24.36%) were in the low-income quintile. In addition,
127 (9.85%), 470 (36.46%), and 187 (14.51%) patients had
comorbidities such as diabetes, hypertension, and dyslipid-
emia, respectively (Table 1).

2. AMI in the OPLL and Control Groups

The OPLL group had a significantly higher incidence of AMI
than the control group (p<0.01). The Kaplan-Meier curve of
the cumulative incidence of AMI indicated that the risk of
developing AMI was higher in the OPLL group than in the
control group (Fig. 2). In multivariate analyses using the Cox
proportional hazards regression model, the risks of AMI was
higher in the OPLL group compared to the control group;
The hazard ratio of AMI in the OPLL group was 2.065 (95%
confidence interval [CI], 1.228-3.474) in Model 1, while it
was 2.209 (95% CI, 1.311-3.721) in Model 2 (Table 2).

3. Subgroup Analysis of AMI Incidence Rate

When analyzing the subgroups of the OPLL group and the
control group, the incidence rate of AMI was substantially
higher in females in both the OPLL group and the control
group (95% CI, 1.620-7.317; Table 3). The incidence rate of
AMI showed a significant increase in both the OPLL group
and the control in the under-age-65 subgroup (95% CI,
1.486-5.252; Table 3), the non-diabetic subgroup (95% CI,
1.116-3.639; Table 3), the non-hypertensive subgroup (95%
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Fig. 2. The cumulative incidence rates of acute myocardial infarction (AMI) in the ossification of the posterior longitudinal ligament (OPLL)
and control groups were compared. The Kaplan-Meier curves for increasing AMI risk were contrasted between the OPLL and control

groups.

Table 2. Adjusted hazard ratio for AMI in the OPLL and control groups

: : Incidence rate HR (95% CI)
Group n Event Duration (days) ~ Duration (years) (©) Model T Nodel 2
AMI
Control 6,445 92 29,585,869 81,057.175 1.135 1 1
OPLL 1,289 18 3,215,056 8,808.373 2.044 2.065 (1.228,3.474) 2209 (1.311, 3.721)

P-values were 0.006 and 0.003 for model 1 and model 2, respectively.

AMI: acute myocardial infarction; OPLL: ossification of the posterior longitudinal ligament; HR: hazard ratio; Cl: confidence interval.

*Model 1: adjusted for age and sex.

*Model 2: adjusted for age, sex, income, diabetes, hypertension, and dyslipidemia.

CI, 1.089-4.523; Table 3), and the non-dyslipidemia sub-
group (95% CI, 1.556-4.583; Table 3).

DISCUSSION

Our findings show a higher incidence of AMI in patients
with OPLL. This was a significant result in several models
that were adjusted considering not only sex and age but also
the patient's economic status and comorbidities, in this case
hypertension, diabetes, and dyslipidemia; The hazard ratio
of AMI occurrence was 2.065 in model 1 and 2.209 in model

30
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2 (Table 2).

There are no known studies of the association between
OPLL and AM], and there is no definitively established the-
ory of the pathophysiology of OPLL. In addition, given that
OPLL is known to be an idiopathic or multifactorial disease
determined by environmental factors, it is difficult to identify
a clear pathological cause. However, relatively recent human
leukocyte antigen haplotype analyses and genetic studies
have revealed that several genetic loci affect OPLL suscepti-
bility"*'*'**”. Genes for collagen, nucleotide pyrophospha-
tase, transforming growth factors (TGF), and the vitamin



ThE NE[‘VE Kim]J, etal. Association of AMIwith OPLL
Table 3. Subgroup analyses between the OPLL and control groups
Variables OPLL Control HR (95% Cl)
n Incidence rate (%) n Incidence rate (%)
Sex
Male 8 20.412 66 1.752 1.460 (0.688, 3.096)
Female 10 2.049 26 0.599 3.443 (1.620, 7.317)
Age
<65 13 2.036 53 0.868 2.793 (1.486, 5.252)
265 5 2.062 39 1.953 1.175 (0.456, 3.025)
Diabetes
N 14 1.755 70 0.990 2.015 (1.116, 3.639)
Y 4 4.807 22 2.130 2.733 (0913, 8.186)
Hypertension
N 10 1.783 43 0.899 2.219 (1.089, 4.523)
Y 8 2.500 49 1.474 1.992 (0.926, 4.286)
Dyslipidemia
vN 18 2.392 65 0.973 2.671 (1.556, 4.583)
Y 0 0.000 27 1.891 -

OPLL: ossification of the posterior longitudinal ligament; HR: hazard ratio; Cl: confidence interval.

D receptor have all been implicated’”, and mutations in
collagen genes and the TGF-p superfamily genes have been
proposed as genetic markers for OPLL”"""**, Myocardial in-
farction is associated with the induction of several members
of the superfamily, including TGF-p1, TGF-p2, TGF-p3, bone
morphogenetic protein (BMP)-2, BMP-4, BMP-10, growth
differentiation factor (GDF)-8, GDF-11 and activin A””. In
addition, the TGF-p superfamily is involved in the regulation
of cardiac fibrosis after cardiac fibrosis following myocardial
infarction, and researchers are examining myocardial in-
farction treatments using this signaling pathway”"*". Bai et
al.” induced myocardial infarction in rats by inhibiting the
TGF-B1 gene through RNA manipulation. Therefore, if stud-
ies of OPLL and various genes (especially the TGF-p super-
family) are conducted, similarities with AMI may be found
based on genetics.

According to subgroup analyses, the association between
OPLL and AMI was more likely in women younger than 65
without hypertension, diabetes, or dyslipidemia (Table 3).
Hypertension and diabetes are widely recognized as strong
risk factors for AMI and are also risk factors for OPLL. Shin
et al.”” found through a nationwide population-based
case-control study that hypertension, diabetes, ischemic
stroke, hypothyroidism, and osteoporosis were risk factors
for OPLL. Oshima et al.”” showed that carotid arterioscle-
rosis is a risk factor for OPLL. Therefore, the risks of both

OPLL and AMI may be increased in patients with underlying
diseases. This suggests that the association between OPLL
and AMI can be maximized in patients without underlying
diseases such as hypertension, diabetes, and dyslipidemia,
which is consistent with the subgroup analyses in this study.

The limitations of this study, which we considered, in-
clude the following. First, The severity and trend of the dis-
eases were not considered in this study. Clinically, AMI is
diagnosed with elevated cardiac enzyme, new electrocardio-
graphic change, symptoms of ischemia, and angiographic
evidence of thrombus. Given the inability to access individ-
ual patient’s data in the NHIS database, many researchers
including cardiologists used “ICD code (121, 122) and hospi-
talization >1” as the definition of AMI in South Korea. In ad-
dition, initially, our study plan included studying the change
in association according to affected areas and the number of
levels of involvement, but this was not possible due to data
access limitations. Second, as is widely known, the causes
of AMI are various, such as carotid artery occlusive disease,
arrhythmia, and embolism. In the data we collected, none
of these comorbidities were utilized, and heterogeneous pa-
tient populations could have negatively affected our results.
Third, when explaining the association between OPLL and
AMI in the genetic background, non-atherosclerotic AMI
was not considered. Atherosclerosis has the most important
pathological role of AMI, but non-atherosclerotic processes
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are also contributors to AMI™. In this study, there were lim-
itations in distinguishing the pathogenesis of AMI. This may
have negatively impacted study results when comparing as-
sociations from a genetic perspective.

Despite some limitations, this nationwide cohort study
is the first to demonstrate a higher incidence of AMI in pa-
tients with OPLL. This study suggests the potential contribu-
tion of OPLL to the incidence of AMI.

CONCLUSION

Our nationwide longitudinal cohort analysis shows that pa-
tients with OPLL have an elevated risk of AMI.
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INTRODUCTION

Although heterotopic ossification (HO) might occur in a substantial proportion of cervical disc
arthroplasty-switched spinal segments, it is predominantly discovered at the anterior vertebral
edges of the treated interspace. Herein, we present the case of a 63-year-old woman who
presented with clinical signs of myelopathy almost 5 years after the implantation of a Mobi-C
disc prosthesis for C6-7 soft disc herniation. As shown by magnetic resonance imaging and
computed tomography, spinal cord compression and a consequent signal change inside the
cord were attributed to bony spurs from HO posterior to the still-moving prosthesis. Initial full
posterior decompression through C6-7 bilateral laminectomy added to posterior stabilization
almost fully relieved the patient's functional and sensory changes from myelopathy. However,
the device, as well as the ectopic bone deposits, had to be removed, and switching to anterior
arthrodesis was necessary due to the imminent aggravation and progression of cervical ky-
photic curvature from the still-functioning device. To the authors' knowledge, such extensive
bone accumulation posterior to a functional Mobi-C cervical prosthesis causing myelopathy
has not yet been reported in the literature. Conversion to solid fusion would be preferred to
posterior decompression for the sake of maintaining cervical curvature.

Keywords: Arthroplasty; Cervical vertebrae; Ossification, heterotopic

refers to the undesirable ectopic osteogenesis anterior,

posterior, or lateral to the implant and subsequently plays a

Cervical disc arthroplasty (CDA) is a viable and effective
treatment of cervical degenerative disc diseases and has
been proposed as an alternative to the conventional anterior
cervical discectomy and fusion. The formation of heterotop-
ic ossification (HO) is considered one of the major compli-
cations after CDA, which, in the setting of CDA, specifically

© 2023 The Korean Society of Peripheral Nervous System

contradictory role against the fundamental goal of CDA by
impeding the range of motion (ROM) of the implanted de-
vices”.

While the majority of studies have focused on the identifi-
cations of etiology, risk factors of HO as well as their feasible

prevention measures, the question that might be a crucial

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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concern to all surgeons is whether the presence of HO would
pose a significant impact on the clinical outcomes has not
been properly addressed currently. Moreover, scarce refer-
ence could be searched among the past published literatures
reporting the accumulation of this HO rear to the previously
inserted, moving implant and consequently incurring an
unexpected cervical spondylotic myelopathy (CSM)'®. This
case report describes a patient presented with clinical signs
of cervical myelopathy caused by the atypical HO rear to the
still functioning cervical artificial disc implant.

CASE REPORT

This 63-year-old female presented with the clinical signs of
myelopathy almost 5 years after the initial implantation of a
Mobi-C disc prosthesis (Zimmer Biomet, Warsaw, IN, USA)
at the C6-7 level due to the left side upper extremity radicu-
lopathy affected with both spinal canal and foraminal steno-
sis from a local hospital (Fig. 1). Started from approximately
a month prior to the referral, an intractable, lancinating pain
combined with electricity like paresthesia, especially at the
region of the left elbow as well as both palm and fingertips
hindered her from the indoor activity at the kitchen, which
later rapidly prevailed to refrain her from the outdoor activ-
ity due to gait disturbance by paraparesis progression. She
showed the dominant radiculopathy and paresthesia at the
left C6 and C7 dermatome exaggerated response of both the
biceps and triceps brachial reflex, and grade 4 weakness of
both lower extremities. The new magnetic resonance imag-
ing on admission surprisingly demonstrated another severe
spinal cord compression and consequent swelling and sig-
nal change inside the cord at the previously addressed level
of C6-7, which was attributed to the bony spurs collections
rear to the Mobi-C disc prosthesis as manifested on the con-
comitant computed tomography scan (Fig. 2).

1. Initial Surgery and Its Consequence

In order to fully decompress the affected spinal cord as well
as to offer initial stabilization to the still functioning pros-
thesis, a posterior full decompressive laminectomy added
with C6 lateral mass and C7 pedicle screw fixation was per-
formed. This was originally schemed to avoid any untoward
complication occurring during the revision approach or ma-
nipulation to resect off the HO that might stick to the ventral
aspect of the dura. Upon gentle retraction of the lateral mar-

gin of the dura at the axillar portion of the exiting C7 root,
the surgeon could directly encounter the expected aberrant,
discolored but protruded bony spur mass ventrally affecting
the cervical spinal cord (Fig. 3). Dorsal cortical bone over
the left side C6 lateral mass had breakage violation during
the screw insertion due to simple technical error, which
eventually obliged the surgeon to shift the fixation level to
the cranial level of C5, unfortunately (Fig. 4A).

Fortunately, the patient showed prompt recovery from her
original neurological defect upon initial procedure, with a
trace of neuropathic component remnant at the distal part
of the upper limb such as fingertip.

Fig. 1. T2-weighted sagittal (left upper) and axial (left lower)
images from magnetic resonance imaging performed before the
initial operation 5 years ago show cervical spondylotic stenosis at
C6-7. A postoperative lateral-view radiograph (right) shows a Mo-
bi-C artificial disc placed at the corresponding cervical level.
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Fig. 2. T2-weighted sagittal (left upper) and axial (left lower) im-
ages from magnetic resonance imaging demonstrate severe spinal
cord swelling as well as intramedullary high-signal edematous
changes corresponding to the previously addressed level of C6-7.
A concomitant computed tomography sagittal-view scan (right)
reveals a collection of bony spurs rear to the Mobi-C disc prosthe-
sis (arrow).

2. Second Surgical Procedure and Postoperative
Course

The patient managed to be in fair condition, clinically and
radiologically, up to two months after the initial procedure
till she started to appeal the involuntarily, ‘forwardly tilted
neck’ condition on the second visit to the outpatient office.
The additional radiograph on lateral posture featured the
well-maintained posterior fixation constructs while a con-
comitantly veered, exaggeratedly flexed but not dislocated
moving core inside the Mobi-C artificial disc even during
the neutral standing posture with the sagittal vertical axis
distance exceeding more than 28 mm (Fig. 4B). Due to the
constant discomfort caused by elongated, curved neck pos-
ture with subsequent incapability to maintain the proper
horizontal gaze, she asked for another surgical corrective
measure to overcome this unexpected, deformed status of
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Fig. 3. Intraoperative findings during the initial posterior decom-
pression and fixation procedure. A protruding, dark, discolored,
friable bony spur mass impinged the cervical spinal cord ventrally.

twice treated neck. The flexed but still functioning prosthe-
sis, as well as the ectopic bone deposited rear to the device
for the sake of additional direct decompression of the spinal
cord, had to be removed and switched to a firm anterior fu-
sion arthrodesis to provide an immediate correction to the
cervical kyphotic curvature change (Fig. 4C).

She also managed to recover fairly even after this second
revision surgery and was discharged a few days later leaving
a specific expression that describes her condition; she can
now ‘look up’ her family without the necessity of rigid exter-
nal orthosis.

DISCUSSION

HO is defined as the formation of bone outside the skeletal
system. It is a well-known phenomenon that might disable
patients in total hip or knee joint replacement””, but it has
also been repeatedly detected in spinal patients after the
wide acceptance of CDA. Intraoperative measures to deter
the delayed HO development after cervical artificial disc im-
plantation involve a gentle surgical technique, avoidance of
muscle trauma, and repetitive rinsing of the surgical field"”.
Selection of the largest possible caliber for the contacting
plate part of the CDA device that might be capable to cover
the majority of the surface area for the opened endplates
(adequacy of the endplate coverage) could also play a de-
terrent role against this HO progression by minimizing the
unnoticeable discharges from the both above and below
vertebral body components' ”. Despite all these efforts, the
meta-analysis pooled data from the Kong present the 53.6%
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Fig. 4. An immediate postoperative radiograph after the initial posterior decompression and fixation procedure (A). Due to the dorsal cor-
tical bone manipulative violation during the screw insertion over the left side of the C6 lateral mass, the surgeon was obliged to shift the
fixation level to the cranial level. The progression of kyphotic cervical alignment propagating from the flexed conformation of the Mobi-C
device was manifested prominently on a lateral radiograph from follow-up a couple of months after initial surgery. The sagittal vertical
axis distance exceeded 28 mm (B). A plain lateral-view after the secondary conversion to solid anterior cervical fusion with full removal

of the causative mobile device revealed an immediate correction of the cervical kyphotic curvature (C).

and 47.5% prevalence of HO and severe HO respectively
within 5 to 10 years after CDA with its positive correlation
with the length of follow-up period”.

Although the HO might occur in a substantial proportion
of CDA switched spinal segments, but does not appear to
lead to a decline in clinical outcomes. Its incidence, pro-
gression, clinical Implications, and risk factors based on the
long-term outcomes up to seven years have been reported
after the usage of Mobi-C device and the trial results have
been consistent with the continued non-inferiority of CDA
for clinical outcomes and lower cumulative reoperation
rates despite up to 26.6% of its incidence™”. Solid bridging of
spurs usually remains asymptomatic and is predominant-
ly discovered at the anterior vertebral edges of the treated
interspace merely through routine follow-up radiological
examinations"”''”. Some studies demonstrated that the

changes in biomechanical factors were associated with the
prevalence and/or severity of HO; however, a causal rela-
tionship between these factors remains unproven. Hu et
al.” have iterated that a more than 5° increase in immediate
post-operative disc space angle and less segmental ROM
have conferred a negative effect on HO formation. Mean-
while, Shen et al."” have previously concluded that endplate
coverage of less than 93.8% or intervertebral height change
of more than 1.8 mm would exacerbate the non-uniform
distribution of stress in the bone-implant interface and pro-
mote posterior HO development after cervical disc replace-
ment. Further investigations are warranted to corroborate
these risk factors, including multilevel calcified disc herni-
ation, severe spondylosis, and suboptimal placement of the
device during primary cervical disc replacement surgery.
Consequently, this unprecedented HO collection rear
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to the device as well as into the spinal canal eventually in-
curring the clinical CSM neurologic feature might not have
been discovered or anticipated neither by the surgeon or
patient herself, although she has been followed up with
regular functional radiographs after initial procedure. The
authors might suggest the conventional hypothesis that
permanent micro stress between the bony endplate and the
device, which might have originated from the non-physio-
logic prosthesis motion, might have promoted osseous spur
formation and its enlargement”. Probably an untoward syn-
ergy between the non-physiological motions created from
the ventrally placed prosthesis with relatively smaller caliber
along with the presumably insufficiently resected, remnant
dorsal osteophytes might have triggered this appositional
bone growth over the residual osteophytes, whose growths
are well informed to be promoted by the untoward segmen-
tal motion. But there could be no clear elucidation regarding
its isolated collection rear to the initial implant, sparing the
preferential ventral aspect of the addressed cervical level.
Moreover, this presumably consolidated, functionally de-
prived prosthesis after the secondary posterior fixation sur-
gery was not fully immobilized, retaining its inherent mo-
bility to be flexed. This post-surgical phenomenon suggests
the lack of capability for both the posteriorly sealed HO as
well as posterior stand-alone fixation to provide firm stabil-
ity over the functionally deprived cervical motion segment
after the untoward artificial disc insertion. As iterated above,
a conversion to the solid anterior fusion after full removal
of the causative mobile device as well as the ectopic bone
deposits would be the preferred revision measure over the
simple posterior decompression and fixation for the sake of
cervical curvature maintenance.

Recently, there has been data emerging to suggest that the
formation of HO might be affected by an increased preoper-
ative signal intensity in the spinal cord, postoperative ROM
at the surgical level, and the prosthesis vertebral ratio”.

However, it should be noted that, despite these hypotheses,
there has been a paucity of consistent evidence. Larger scale
investigations are needed to further corroborate the risk fac-
tors on the genesis of HO, especially for those lobulated rear
to the implant causing CSM as in our case, after CDA.

CONCLUSION

To the author’s knowledge, such extensive bone accumu-
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lation posterior to a functional Mobi-C cervical prosthesis
causing myelopathy has not yet been reported in the litera-
ture. Conversion to a solid anterior fusion after full removal
of the causative device as well as the ectopic bone deposits
would be preferred to simple posterior decompression for
the sake of cervical curvature maintenance.
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INTRODUCTION

Thoracic outlet syndrome (TOS) refers to compression of
the subclavian vessels and brachial plexus in the region of
the superior aperture of the chest, with the most common
compression of these structures against the first rib”. Histor-

Neurogenic thoracic outlet syndrome (TOS) is a clinical diagnosis based on the reproduction of
a patient's symptoms with a provocation test (arm elevation) after excluding other conditions
that might cause similar symptoms. Neurologic symptoms and signs can vary from mild pares-
thesia and numbness to intrinsic hand muscle atrophy. The main controversy in patients with
neurogenic TOS involves neurologic-type complaints of paresthesia, numbness, and pain.
However, there is no positive objective test to identify the cause. A 54-year-old female patient
presented with numbness and radiating pain in her bilateral arms that occurred every time she
bowed her head while shampooing. The patient had a history of two neck sprains due to slip-
ping before the onset of symptoms. In addition to pain and numbness in both arms at arm el-
evation, pain in the suprascapular and occipital areas was also present. After excluding cervi-
cal nerve root lesions and other bone abnormalities, the patient's symptoms disappeared by
brachial plexus decompression through a supraclavicular approach. It is difficult to diagnose
neurogenic TOS with pain and paresthesia without muscle weakness in the upper extremities.
If physicians do not consider the possibility of neurogenic TOS in patients with upper extremi-
ty paresthesia and pain, unnecessary multiple treatments may be performed, prolonging pa-
tients' suffering. The exacerbation of pain and paresthesia in both arms and hands can occur
immediately after the head is lowered during shampooing. This can be interpreted as a char-
acteristic symptom of a constricted interscalene triangle and brachial plexus compression
caused by hyperabduction of the arm.

Keywords: Brachial plexus; Pain; Thoracic outlet syndrome

ically, the diagnosis and treatment of TOS have been diffi-
cult and controversial topics"”. For example, even the term
of the thoracic outlet is confusing”. Anatomically, the area
between the scalene muscles and the first rib is termed the
thoracic inlet”. Neurologic symptoms and signs can range
from mild paresthesia and numbness to intrinsic hand mus-

© 2023 The Korean Society of Peripheral Nervous System
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cle atrophy””. In many cases, there might be concomitant
distal peripheral nerve entrapment such as cubital or carpal
tunnel syndrome”. In neurogenic TOS, there is no reliable
objective test to identify the cause. Nerve conduction stud-
ies (NCS) are useful for detecting sites of concomitant distal
nerve compression, such as the median nerve at the carpal
tunnel and the ulnar nerve at the elbow"*”. However, nei-
ther NCS nor somatosensory-evoked potentials (SSEPs) are
universally accepted as helpful in diagnosing neurogenic
TOS"*”. In these cases, the diagnosis of TOS is suggested by
physical examination and provocative test"*”.

We want to report a very rare case of paresthesia accom-
panying arm elevation. It occurred on both arms as the main
symptom whenever the head was bowed. A hyperabduction
test of the arm on physical examination was helpful for the
diagnosis. Subsequent decompression of the brachial plexus
via the supraclavicular approach successfully relieved the
pain and paresthesia of the neurogenic TOS.

CASE REPORT

A 54-year-old female patient presented with numbness and
radiating pain in her bilateral arms every time she bowed
(Fig. 1A). The patient slipped and fell two years ago, suffered
neck pain, and underwent an anterior C5/6 cervical fusion
surgery a month later. Her neck pain disappeared after the
surgery. A year before her visit, she fell backward while sit-
ting in a wheelchair with a cast on her foot due to an ankle
sprain. Her back and right shoulder hit the ground, although
no pain occurred. Three months later she fell backward
again. From then on, she developed numbness and pain in
her neck, shoulders and arms. When the patient stayed still,
there was no pain. However, when the patient lowered her
head, a momentary numbness occurred in both arms. The
numbness in both arms and pain in the neck and shoulders
occurred every time the patient bowed her head. There was
no numbness when the patient moved her arms or shoul-
ders.

In the early stages of pain, the pain that occurred momen-
tarily disappeared immediately. Over time, the duration
of pain and numbness accompanied by lowering the head
increased. Sometimes, as the momentary pain lasted for
more than 5 min, the patient had no choice but to stay still
while waiting for the pain to go away. Sometimes numbness
occurred in both arms and left upper back when the patient

turned her head sideways. At night, numbness occurred in
the arms according to the posture of the neck. Six months
prior to her presentation, the pain intensified, making the
patient's daily life difficult. In particular, when the patient
bowed her head while shampooing, the pain in both arms
lasted for more than two hours. Along with numbness in
both arms when bowing the head, a tightening pain oc-
curred in the left occipital area. Occipital pain was tighten-
ing and squeezing in nature. It lasted all day. It radiated to
the left temporal and posterolateral neck (Fig. 1B). She was
treated at a hospital where she underwent cervical surgery.
She was told that there was no problem with the cervical
spine surgery site and that there was no additional cervical
disc herniation (Fig. 1C). Drug treatment and physical ther-
apy were performed for 6 months. However, there was no
improvement in symptoms. The occipital pain did not im-
prove with nonsteroidal anti-inflammatory drugs (NSAIDs),
including Ultracet®, gabapentin, pregabalin, muscle relax-
ants, and occipital nerve blocks.

On physical examination, no specific findings were ob-
served except for the surgical scar for cervical fusion on
the front neck. It was confirmed that immediate numbness
occurred in both arms when the patient bowed her head.
Numbness in both arms occurred even when the patient's
head was turned to the side a lot. However, limitation of
neck motion was not confirmed. Neurological examination
revealed that both arms and hands had no motor weakness.
Pinch and grip strengths were also found to be normal. The
deep tendon reflex was normoactive. Mild hypesthesia was
observed in the left supraclavicular region, shoulder, and
upper lateral region of the left upper arm. A slight tender-
ness was found in the left supraclavicular region. However,
no paresthesia was induced upon compression.

Percussion of the nerve (Tinel’s sign) was negative in the
common nerve entrapment site (carpal tunnel, median
nerve forearm, cubital tunnel, and brachial plexus) of the
upper extremity. However, hyperabduction of bilateral arm
to 180 degrees while keeping wrists and elbows straight for 1
min produced mild paresthesia of bilateral arms and hands,
and it was judged to be positive. The Wright hyperabduction
and Adson tests were negative. The Spurling’s test was also
negative. There were no systemic diseases to cause pain.
Laboratory findings showed no abnormalities. Electrodiag-
nostic tests including electromyography (EMG), nerve con-
duction test, and SSEP was all normal. Plain radiographs of
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Fig. 1. Distribution of bilateral arm pain and radiologic findings. (A) Distribution of pain and paresthesia (hatched area) in the bilateral
arms and hands. The gray area indicates the distribution of the aching pain associated with arm paresthesia. (B) Distribution of aching
and tightening pain in the left occipital area. It radiated to the temporoparietal vertex and posterolateral neck. (C) Sagittal T2-weighted
magnetic resonance imaging of the cervical spine showing no abnormality, except for prior C5/6 anterior cervical discectomy fusion (arrow).
(D) A coronal T2-weighted, enhanced, short tau inversion recovery image of the brachial plexus showing suspected hypertrophy of the
anterior scalene muscle (white arrows) and interdigitation of the contour of the brachial plexus (black arrows). Deviation in the course of
the lower trunk of the right brachial plexus (white arrow) was noted. (E) A sagittal T2-weighted image of the left brachial plexus shows
the left brachial plexus (white arrow) leaving the interscalene triangle between the anterior (black arrow) and middle (white arrowhead)
scalene muscles. The back arrowhead indicates the subclavian artery.

the chest and cervical spine showed no cervical ribs or other
bony abnormalities such as prominent transverse process
or old clavicle fractures, or findings of degenerative arthritis,
such as instability, osteophytes, or intervertebral disk space
narrowing other than C5/6 anterior cervical fusion. Com-
puted tomography (CT) and magnetic resonance imaging
(MRI) of the cervical spine showed no evidence of residual
stenosis or adjacent segment degeneration after cervical
surgery. Hypertrophy of scalene muscles and irregularity of
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the brachial plexus contour was suspected on brachial plex-
us MRI (Fig. 1D). Decompression of the brachial plexus was
proposed with a possibility of brachial plexus entrapment
(i.e., neurogenic TOS) and medical intractability in mind.
The supraclavicular approach for decompression of the
brachial plexus was performed first on the left side, where
the pain was more severe. The operation was performed un-
der general anesthesia and intraoperative neurophysiologi-
cal monitoring according to the method suggested by Mack-
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innon et al.">”. The patient was supine with an underlying
shoulder pump to extend the neck. After making an 8-cm
linear skin incision about two centimeters above and par-
alleling the clavicle, supraclavicular nerves were identified
and protected deep to the platysma muscle. Dissection was
carried down by dividing the omohyoid muscles, elevating
supraclavicular fat pad, and partially dividing the sterno-
cleidomastoideus muscle. After securing the phrenic nerve

in front of the anterior scalene muscle in the field of view,
it was found that the upper trunk of the left brachial plexus
was compressed and swollen between anterior and middle
scalene muscles (Fig. 2A). The anterior scalene muscle was
divided, taking care not to injure the phrenic nerve with bi-
polar cautery. Division of the anterior scalene muscle led to
exposure of the middle trunk. The long thoracic nerve was

isolated from the lateral and posterior part of the middle

Fig. 2. Intraoperative photographic findings of neurogenic thoracic outlet syndrome during decompression surgery via the supraclavicu-
lar approach. (A) An intraoperative photograph showing the upper trunk (black arrows) of the left brachial plexus. The upper trunk was
found to be impinged between the anterior (white arrows) and middle (white arrowhead) scalene muscles. The white star indicates the
left phrenic nerve, branching from the upper trunk. (B) An intraoperative photograph showing decompression of the left brachial plexus.
Indentation and distortion of the course of middle and lower trunks of the brachial plexus medial to the upper trunk (black arrows) were
found between cut edges of the anterior (white arrow) and middle (white arrowhead) scalene muscles. The white star indicates the left
phrenic nerve. The black arrowhead indicates the long thoracic nerve. (C) An intraoperative photograph showing the upper trunk (black
arrows) of the right brachial plexus. The upper trunk was swollen and fixed between the tense anterior (white arrows) and posterior (white
arrowhead) scalene muscles. The white star indicates the left phrenic nerve overlying the anterior scalene muscle. (D) An intraoperative
photograph showing completed decompression of the right brachial plexus (black arrows). Indentations of the lower and middle trunks
of the right brachial plexus were observed medial to the upper trunks (black arrows) between cut edges of the anterior (white arrow) and
middle (white arrowhead) scalene muscles. The long thoracic nerve (black arrowhead) was isolated from the middle scalene muscle.
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scalene muscle. Whether shoulder contraction was induced
by intraoperative electrical stimulation was then checked.
The middle scalene muscle inserted into the first rib was
then divided to expose the lower trunk of the brachial plex-
us. All tendinous edges of scalene muscles around the plex-
us and fibrous sheath of the nerve, which could potentially
entrap the nerve, were removed from view under a micro-
scope (Fig. 2B). After securing hemostasis and applying an
anti-adhesion gel and films, the overlying wound was closed
in layers with closed suction drainage left in the wound. The
postoperative course was uneventful. Gentle range of neck
motion started with active ambulation permitted within two
days after surgery.

In an interview two weeks after the surgery, no neurologi-
cal abnormalities were observed in the left arm. The pain in
the surgical site was minimal. The patient reported that the
numbness in the left arm when the head was bowed no lon-
ger occurred, although it was still present in the right arm.
The pain in the left occipital area along with the pain in the
left arm completely disappeared. The patient requested an
expedited surgical schedule for her right arm pain.

Decompression of the right brachial plexus was performed
one and a half months after the operation on the left. It was
performed in the same manner as in the first left surgery
(Fig. 2C, D). The patient was discharged on the 5th day after
surgery. After a month, it was confirmed that the numbness
and pain in the right arm that had occurred when the pa-
tient bowed his head also disappeared. However, weakness
was found in the abduction of the right shoulder. The largest
abduction angle of the shoulder was only possible to 90 de-
grees. There were no restrictions on right shoulder flexion,
extension, or adduction. No sensory disturbance or pain
was identified. Abduction paralysis of the right shoulder
improved to 120 degrees 3 months after the operation. It was
no longer observed at six months. Twelve months after the
operation, the patient's arm numbness due to neck flexion
no longer occurred. There was no disturbance in daily life.

DISCUSSION

1. Neurogenic TOS

TOS is a constellation of clinical manifestations in the neck,
shoulder, and upper extremities caused by compression of
neurovascular structures in the thoracic outlet region".

Its debated history, pathophysiology, and even existence
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make TOS the most controversial topic in peripheral nerve
surgery”. The lack of professional consensus, in combina-
tion with a wide variability of symptoms and lack of a gold
standard for its diagnosis, can explain how a diagnosis for
a patient with this condition is often overlooked”. In this
context, it took more than a year for the numbness of the
arm accompanying head bending in the current case to be
diagnosed as neurogenic TOS. Thus, its diagnosis is difficult
if a patient is not observed or examined with TOS in mind.
Some experienced researchers have emphasized general
principles of the cause and symptoms of TOS”. They believe
that paresthesia and numbness experienced in hand with
overhead activities are related to compression of the brachi-
al plexus while the frequently more concerning problem of
pain in the scapular, neck, and shoulder is related to muscle
imbalance”. In this context, we could suspect TOS in the
current case based on the fact that hair shampooing as an
overhead activity exacerbated the numbness for more than
two hours. However, in order to diagnose it, some processes
were required to exclude other structural causes.

Neurogenic TOS is thought to result from a combination
of a congenial anatomical predisposition and trauma to the
neck”'”. Another common cause is a poor posture of the
neck, upper back, and shoulders”. Obesity and a propensity
for increased flexion of the neck and shoulders have been
suggested as factors that increase the incidence of neuro-
genic TOS".

TOS typically occurs in young and middle-aged adults. It
occurs in women three times more frequently than in man®.

Patient symptoms may differ depending on which struc-
ture is compressed in the cervicoaxillary canal”. The sub-
clavian vein, the subclavian artery, and the brachial plexus
are three neurovascular elements involved in TOS. That is,
symptoms of nerve compression are different from those of
arterial or venous compression. Neurogenic TOS is much
more common than arterial or venous TOS, accounting for

2,4)

up to 98% of cases™". Arterial TOS has symptoms such as cold
extremities, easy fatigue, and Raynaud syndrome caused
by ischemia in the upper extremity. Venous TOS is mostly
related to axillary subclavian vein thrombosis”. Therefore,
neurogenic TOS presented as numbness and pain in the
upper extremity can be distinguished easily from vascular
TOS based on symptoms. Although neurogenic TOS is more
common than vascular TOS, it is typically more difficult to

diagnose neurogenic TOS because its greater variability in
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symptomatology. Fifteen percent of cases might have some
concomitant arterial symptoms. However, arterial symp-
toms seldom exist alone”. Physicians who diagnose only
vascular forms of TOS are misdiagnosing the vast majority of
patients they see who have neurologic TOS".

2. Anatomy of TOS
The brachial plexus has a course between the anterior and
middle scalene muscles. It continues distal deep to the
clavicle and superior to the first rib. This opening is ana-
tomically referred to as the thoracic inlet and clinically as
the thoracic outlet®”. Three different compartments in the
cervicoaxillary canal are related to the genesis of neurovas-
cular compression syndrome: the interscalene triangle, the
costoclavicular space, and the pectoralis minor region’”".
The medial or proximal segment of the cervicoaxillary canal
comprises the scalene triangle and costoclavicular space,
where the majority of neurovascular compression occurs”.
The anterior scalene muscle originates from the anterior
tubercles of the transverse processes of the third through
sixth cervical vertebrae. It inserts onto the scalene tubercle
of the first rib. The middle scalene originates from the poste-
rior tubercles of transverse processes of the second through
seventh cervical vertebrae. It inserts onto a more posterior
portion of the first rib. The subclavian artery and the bra-
chial plexus pass through the space posterior to the anterior
scalene muscle called scalene triangle or interscalene space.
This space is bounded by the anterior scalene muscle ante-
riorly, the middle scalene muscle posteriorly, and the first
rib inferiorly. It has some overlap with the posterior space
of the costoclavicular space”. It has been acknowledged
that significant distortions of the cervicoaxillary canal and
its neurovascular contents can occur due to a wide range
of shoulder and upper extremity motions”. The brachial
plexus and subclavian artery become compressed when
the scalene triangle is narrowed with hyperabduction of the
arm”. When the superior aspect of the scalene triangle is
narrowed, the upper components of the brachial plexus be-
come compressed. When the floor of the triangle is elevated,
the lower components of the brachial plexus and the subcla-
vian artery become compressed”.

3. Diagnosis of Neurogenic TOS
The diagnosis of TOS is based on findings of clinical evalua-
tion, particularly if symptoms can be reproduced when var-

ious dynamic maneuvers including elevation of the arm are

undertaken®”

. Therefore, clinical diagnosis of TOS is often
difficult. Imaging tests such as CT and MRI that can confirm
anatomical structures of the thoracic outlet are essential
along with EMG""”.

The onset of symptoms of TOS may be insidious or follow
trauma”. Neck and shoulder pain and stiffness might be ear-
ly signs of muscle spasm and imbalance*”. Pain and pares-
thesia associated with nerve dysfunction are present in up to
95% of cases. They typically occur in delayed fashion weeks
or months later, often after acute musculoskeletal symptoms
have resolved””. Numbness may present with or without
tingling. Symptoms might be exacerbated following strenu-
ous physical activity or prolonged arm elevation”. The oc-
currence of symptoms after activity can help us distinguish
TOS from primary shoulder or cervical spine pathology
when symptoms tend to occur during activity”. Symptoms
of neurogenic TOS depend on which trunk of the brachial
plexus is involved”. The lower trunk is known to be most
commonly involved”. When isolated upper trunk symptoms
occur, cervical spine pathology is often the causative agent”.
When the upper trunk is involved in TOS, symptoms occur
in the neck, deltoid area, and lateral ar. They may also ra-
diate to the side of the face, the ear, the occiput, and in the
median nerve distribution"*”,

It is important to distinguish between the more common
cervical spine diseases and TOS"”. Common cervical spine
diseases such as cervical disk disease and spondylosis
causing nerve root compression are usually associated with
neck pain, stiffness, radiating paresthesia, and weakness of
involved cervical roots”. Generally, they are common in the
C5-C6 or C6-C7 intervals, creating symptoms in the respec-
tive nerve root distribution. Because the lower trunk of the
brachial plexus is most commonly involved in TOS, com-
pression of the C8 or T1 nerve roots can more closely mimic
TOS, with symptoms in an ulnar nerve distribution. How-
ever, cervical disk disease involving the C8 or T1 is much
less common than compression of the fifth, sixth, or seventh
roots”.

Among several provocative maneuvers of neurogenic
TOS, hyperabduction test described by Novak et al.'" was
positive in the current case. However, other physical tests
such as the wright hyperabduction test, Adson test, Halstead
test, and costoclavicular test were negative. Flexion of the
neck typically induced characteristic pain and paresthesia in
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bilateral arm in the current patient. Hair shampooing as an
overhead activity characteristically exacerbated arm numb-
ness for several hours. Narrowing of the scalene triangle due
to hyperabduction of the arm is well acknowledged. At the
same time, neck flexion was thought to increase the tension
of hypertrophied anterior and middle scalene muscles, re-
sulting in increased compression of the brachial plexus. In
addition, overhead activities of bending the neck and raising
the arms during hair shampooing are interpreted as con-
ditions that can cause a narrowing of the cervical axillary
canal, especially the scalene triangle.

Imaging tests such as CT and MRI are needed to investi-
gate congenital or other organic causes of TOS such as tu-
mors or other space-occupying soft tissue lesions”. Gener-
ally, these studies are not necessary for patients with TOS”.
However, they may help us rule out the presence of cervical
disk disease, spinal stenosis, or nerve root impingement””.
Both MRI and ultrasound are thought to be useful when per-
formed with provocative maneuvers such as hyperabduc-
tion of the arm. They can detect vascular TOS to a greater
degree than detecting neurogenic TOS™”. Therefore, unlike
vascular TOS, imaging-based diagnosis has limitations in
neurogenic TOS".

CT and MRI might be helpful in the identification of soft
tissue abnormalities associated with TOS. Several anatom-
ical variations of the scalene muscles have been suggested
to be responsible for TOS”. They include hypertrophy of
the anterior scalene muscle, origin of the anterior and mid-
dle scalene muscles from a common belly that divides in
two distally, the passage of the brachial plexus through the
substance of the anterior scalene muscle, a broad middle
scalene muscle inserting more anteriorly on the first rib
than what is normal, interdigitation between the anteri-
or and middle scalene muscles, supernumerary muscle
such as scalenus minimus muscle, and anomalous fibrous
bands™"'"*"*'". However, the clinical significance of these
findings in TOS remains unclear.

Electrodiagnostic studies are typically normal in patients
with TOS unless TOS is associated with cubital or carpal
tunnel syndrome”. NCSs and EMG are controversial in
diagnosing TOS"*”. They are helpful for identifying more
peripheral nerve compression that may exist with TOS con-
comitantly”. EMG findings tend to become positive only
late in pathology”. NCSs, especially ulnar nerve conduction
velocities, have been suggested to be more useful for the
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earlier detection of TOS . However, some authors remain

pessimistic about its usefulness”*”.

4. Management of Neurogenic TOS

It is known that 50% to 80% of patients with neurogenic TOS
improve through physioptherapym). The main goal of physi-
cal therapy is to decrease external nerve compression result-
ing from muscle imbalance"”. Stretching and strengthening
exercises focus on correcting abnormal posture while re-
storing muscle balance*”. If TOS symptoms do not improve
with physiotherapy, the release of any concomitant distal
nerve compression such as a cubital tunnel or carpal tunnel
syndrome is recommended””. Although the risk of surgical
decompression of thoracic outlet by skilled operators is very
low, surgery should be selected with caution due to the po-
tential of serious morbidity of high nerve injury"”. If there
are no cervical ribs, decompression of the brachial plexus
via scalenotomy is recommended””. Generally, first rib
resection is recommended when there is a significant com-
pressive element'”.

For thoracic outlet decompression, several surgical ap-
proaches have been proposed, including high posterior
thoracoplasty, anterior approach, and transaxillary ap-
proach*””. Scalenotomy alone is associated with a higher
long-term recurrence rate of up to 65%"*”. We adopted the
supraclvacular approach for the brachial plexus decom-
pression suggested by Mackinnon et al.” It allows surgeons
complete visualization of all the neurovascular elements
and removal of the first rib”. During dissection, care should
be taken to preserve the supraclavicular and long thoracic
nerves. Gentle but early postoperative movement of the
head, neck, and upper extremity is encouraged to minimize
scar formation around the brachial plexus”. For neurogenic
TOS, first rib resection is not necessary for satisfactory re-
lief of symptoms””. In the present case, there was no bone
pathology like a cervical rib. Sufficient decompression of
the brachial plexus was possible without first rib resection.
Intraoperative nerve stimulation was helpful for identifying
the long thoracic nerve during dissection of the middle sca-
lene muscle. Surgical failure and recurrence are known to be
relatively common®. Repeated decompression is warranted
for appropriately selected patients'”. In case of reoperation,
an alternative approach such as the posterior thoracoplasty
approach is recommended to reduce dissection in a pre-
viously scarred bed and consequent risk of nerve or vessel



The Nerve

Kim]JY, et al.

Neurogenic TOS and Arm Paresthesia during Hair Shampooing

injury™”.

CONCLUSION

Diagnosis and treatment of TOS remain controversial
and difficult, particularly in patients with neurogenic TOS
without muscle atrophy. In these patients, the diagnosis of
neurogenic TOS can be made by provocative testing after ex-
cluding other potentially causative conditions. Most patients
improve with conservative management, including activity,
posture modification, and physical therapy. Those with
persistent significant symptoms are candidates for surgical
decompression with a supraclavicular approach.
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INTRODUCTION

Schwannomas are benign neural tumors derived from Schwann cells, which surround the pe-
ripheral nerves. Here, we present a case of subcutaneous schwannoma of the scalp, with the
goal of increasing awareness of the differential diagnosis of scalp masses. A 45-year-old
woman was admitted with a palpable scalp mass on the occiput initially noticed 2 years prior.
Palpation revealed a 1.5-cm round subcutaneous mass, which was soft and exhibited a mov-
able tendency. The lesion margin was well-circumscribed and contained under the skin. Com-
puted tomography showed a 6 x 12-mm soft-tissue density subcutaneous nodule in the right
paramedian occipital region. Thus, an epidermal cyst or lipoma was suspected. The pathologi-
cal diagnosis (hematoxylin and eosin staining) revealed evidence indicating a subcutaneous
schwannoma of the scalp. We report a subcutaneous schwannoma of the scalp, demonstrat-
ing that schwannomas can also occur as subcutaneous scalp lesions. Therefore, we suggest
that although the treatment of subcutaneous schwannomas does not differ from other
soft-tissue masses, a pathological examination should be performed to establish an exact di-
agnosis in such cases.

Keywords: Neurilemmoma; Scalp; Subcutaneous tissue

In this report, we present a case of subcutaneous schwan-
noma of the scalp and discuss its characteristics.

Schwannoma is a benign, rarely recurring tumor in the pe-
ripheral nerves. Schwann cells, which separate and insulate
nerve cells, are glial cells of the peripheral nervous system.
In the field of neurosurgery, schwannomas are noted for
their specific locations, including the cerebellopontine an-
gle and cranial nerve; however, they are uncommon in the
cutaneous nerve. Cutaneous schwannomas develop in the
major peripheral nerves and can be located superficially,
although they most commonly occur in the subcutaneous
layer or even deeper”.

© 2023 The Korean Society of Peripheral Nervous System

CASE REPORT

The patient was a 45-year-old woman admitted with a pal-
pable scalp mass on the occiput initially noticed 2 years
prior. The mass had grown gradually over the last year and
has since stabilized at the current size. However, it caused
her mild discomfort, particularly while lying down, but no
noticeable pain. She reported no head trauma or injection
in the scalp. Palpation examination revealed a 1.5 cm-sized

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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round subcutaneous mass, which was soft and exhibited a
movable tendency. The margin of the lesion was well cir-
cumscribed and contained under the skin, with no signs of
skin retraction, openings, or purulent drainage.

Computed tomography (CT) showed a 6 x 12-mm sized
soft-tissue density subcutaneous nodule in the right para-
median occipital region. However, no abnormal density was
detected in the brain parenchyma and skull (Fig. 1).

Considering all this evidence, we suspected this mass
was an epidermal cyst or lipoma. Subsequently, under local
anesthesia, the patient elected to undergo surgical excision
of the mass. The mass was completely resected, with no
postoperative complications. At 3 weeks after the surgery,
the surgical wound had completely healed, and the patient’s
symptoms had all improved.

Pathology

At 1 week after the surgery, a pathological diagnosis was
performed. Hematoxylin and eosin staining under a low
power field (Original magnification, x100) revealed that the
mass was composed mostly of spindle cells (Fig. 2). Under a
high power field (Original magnification, x400), the staining
demonstrated compact spindle cells with characteristic nu-
clear palisading (Verocay body, Antoni A; asterisk) and loose

Fig. 1. Computed tomography shows a 6 x 12-mm soft-tissue
density subcutaneous nodule in the right paramedian occipital re-
gion (arrow).

hypocellular (Antoni B; arrow) areas between the compact
cell area, providing reasonable evidence of a schwannoma

(Fig. 3).

DISCUSSION

Soft-tissue nodules are common - about two-thirds of

Fig. 2. The mass is composed of spindle cells (hematoxylin and eo-
sin stain, x100 magnification).

Fig. 3. A high-power view shows compact spindle cells with a
characteristic nuclear palisading area (Verocay bodies, Antoni A)
(asterisk) and loose hypocellular areas (Antoni B) (arrow) between
compact cell areas (hematoxylin and eosin stain, x400 magnifica-
tion).
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soft-tissue tumors are classified into seven diagnostic cat-
egories: lipoma and lipoma variants (16%), fibrous histio-
cytoma (13%), nodular fasciitis (11%), hemangioma (8%),
fibromatosis (7%), neurofibroma (5%), and schwannoma
(5%)”.

Furthermore, peripheral nerve tumors have several clas-
sifications, such as nonneoplastic vs. neoplastic, benign
vs. malignant, and sheath vs. non-sheath origins. Schwan-
noma is considered part of the neoplastic subset due to
their growth; otherwise, they are classified as benign with a
sheath origin. Compared to neurofibromas, benign schwan-
nomas have a slower rate of progression, lower association
with pain, and fewer neurologic symptoms”.

Schwannoma is a neural tumor derived from Schwann
cells surrounding the peripheral nerves. The neural sheath
comprises three cell types: the fibroblast, Schwann cell, and
perineural cell”. Among them, Schwann cells play the im-
portant role of developing into a schwannoma. Schwanno-
mas are composed exclusively of Schwann cells located in
the nerve sheath, whereas neurofibromas consist of all the
different cell types that constitute a nerve”.

Schwannomas are most commonly found in the retroper-
itoneum (32%), mediastinum (23%), head and neck (18%),
and extremities (16%)”. Most schwannoma cases (about
90%) are sporadic, whereas 2% are related to neurofibro-
matosis type 2”. Clinically, these benign tumors are easily
mistaken for other lesions, including lipomas and epidermal
cysts. Considering that these two lesions account for a large
proportion of scalp lesions, the preoperative diagnosis in
our case was an epidermal cyst or subcutaneous lipoma.
Unfortunately, no clear radiographic imaging was available
for differential diagnosis. In our case, the patient underwent
non-contrast brain CT scanning, and the lesion showed a
high-density round mass similar to that observed in other
epidermal/dermal cystic lesions.

Schwannomas are exclusively treated with excision, and
they have a good prognosis and low recurrence rate. Howev-
er, the recurrence rates for completely resected schwanno-
mas of the scalp are unknown because only a few reports are
available in the literature. Vestibular schwannomas, which
are well known in the neurosurgery field, generally have
recurrence rates of 2% to 3% in cases of total resection’.
Thus, we believe that the recurrence rates of subcutaneous
schwannomas of the scalp may be in this range.
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CONCLUSION

Many neurosurgeons consider schwannomas to develop
in the cranial nerve; however, our case shows that schwan-
nomas can also present as subcutaneous scalp lesions. Al-
though subcutaneous schwannomas are not different from
other soft-tissue masses in terms of treatment, pathological
examination should be performed to establish an exact di-
agnosis.
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INTRODUCTION

Cervical dumbbell-shaped schwannomas are uncommon and challenging; clinicians often face
the choice between performing incomplete tumor resection and sacrificing nerve roots. Ag-
gressive and total resection is the treatment of choice for this tumor, although surgical resec-
tion in asymptomatic patients remains a matter of debate. We present a case report of spon-
taneous shrinkage of a dumbbell-shaped schwannoma of the cervical spine. A 68-year-old fe-
male patient first presented in 2013 with a progressive history of pain in the lower back and
both buttocks over the previous 10 years. A dumbbell-shaped cervical spine tumor that had a
30-mm maximum diameter with a foraminal obstruction was identified, along with multiple
tiny intradural extramedullary tumors in the lumbar spine. The cervical tumor gradually de-
creased in size during annual follow-up visits through 2015. Magnetic resonance imaging
conducted in November 2017 revealed that this dumbbell-shaped tumor had shrunk signifi-
cantly, leaving only the paravertebral section with a maximal diameter of 14 mm. This case
demonstrated a schwannoma that naturally decreased in size with no treatment. Clinicians
should consider the possibility of a spontaneous reduction in schwannoma size when making
treatment decisions in asymptomatic patients, in whom avoiding unnecessary surgery may
prevent nerve root damage.

Keywords: Cervical vertebrae; Neoplasm regression, spontaneous; Neurilemmoma

ed. In the case of intracranial schwannoma, spontaneous
shrinkage has been reported in more than 21 studies'". there

Spinal dumbbell-shaped tumors are located in the interver-
tebral foramina or dura mater and exhibit a dumbbell shape.
Surgery to remove these tumors that are located in the cervi-
cal intervertebral foramina may damage nerve roots or lead
to incomplete tumor resection, vertebral artery injury, or
post-laminectomy kyphosis”. Therefore, the best treatments
for asymptomatic patients with these tumors remain debat-

© 2023 The Korean Society of Peripheral Nervous System

are only 2 cases reports of spontaneous shrinkage of the
spinal schwannoma™”. Both cases involved shrinkage due
to cellular reactions or chemical reactions to drugs, but we
will present regression that arose during simple follow-up.
This is a case report of spontaneous shrinkage of a cervical
dumbbell-shaped tumor referred to our institution between
November 2015 and November 2017.

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

51


https://doi.org/10.21129/nerve.2022.00241

The Nerve

Lee SY, etal. Schwannoma Spontaneous Shrinkage

CASE REPORT

A 68-year-old female patient presented in 2013 with a pro-
gressive history of pain in the lower back and buttocks for
the past 10 years. A radiological assessment that included
spinal magnetic resonance imaging (MRI) was performed,
multiple tiny neurogenic tumors around the lumbar spinal
cord were observed, including a neurogenic tumor at the
cervical 6/7 level. A 30-mm-sized tumor at the C6/7 level
was compressing the spinal cord from the left and extended
to the left C6/7 paravertebral space. There were few changes
in tumor size in 2014, but an MRI obtained in November
2015 revealed that the dumbbell-shaped tumor had shrunk,
leaving only the paravertebral component with a 24-mm
maximal diameter from the axial view, and there were no
new symptoms reported by the patient. Two years later, an
MRI from November 2017 showed significant changes; the
dumbbell-shaped tumor had decreased in size with a 14-
mm maximal diameter (Fig. 1). In the annual follow-up, the
tumor size did not decrease further from 2017 to 2019. The
patient still had multiple suspicious schwannoma tumors in
the lumbar region. There were no symptomatic changes or

new symptoms after six years of follow-up visits (Fig. 2).

DISCUSSION

While generally uncommon overall, spinal schwannoma is
the most common type of spinal extramedullary neurogenic
tumor”'”. Spinal neurogenic tumors can be located any-
where in the intradural, epidural, and paravertebral space
and can grow and compress the neural structures, causing
pain or neurologic deficits. Symptoms may vary depending
on the adjacent neural structure. The surgical approach
should be selected according to the location of the lesion or
adjacent neural structures. Although the surgical method
varies depending on the location, surgical method may be
complicated when it is located in both the extradural and
paravertebral space”'”. Therefore, several classifications
have been proposed accordingly'”.

To resolve neurological symptoms and encourage re-
growth, total gross removal is preferred over subtotal re-
moval”. However, depending on the location’s complexity,
a 2-stage procedure may be required for complex and large
tumors; complications like a vertebral artery injury or

Fig. 1. A left C6/7 dumbbell-shaped schwannoma in a 68-year-old woman that decreased in size over time. The tumor shrank very little
from 2013 to 2015 (A, B), but changed significantly from 2015 to 2017 (B, C). No further changes were observed from 2017 to 2019 (C, D).
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Fig. 2. Multiple schwannomas in the lumbar region with no size changes from 2013 to 2019 (A-D) that produced no symptoms.

Table 1. Cases of regression of spinal schwannoma without surgical resection

Size of tumor

Follow-up period

References Year Sex Age (years) (mm) % of shrinkage (years) Special features

Ito et al.” 2019 F 58 NA NA 2 Intramural hemorrhage

Kunnel Jomon et al.” 2020 F 77 10.4 18.7 10 Multiple myeloma treated with
pomalidomide

This case 2023 F 68 30 533 6 None

F: female; NA: not available.

post-laminectomy kyphosis have also been documented™'”.
Therefore, due to its slow-growing, pathologically benign
nature, surgical treatments in asymptomatic patients remain
under debate”. Since there are many cases of benign charac-
teristics of spinal neurogenic tumor, previous authors have
suggested that if the tumor size does not increase by 2.5% or
more per year, it is not growing very quicklyﬁ). In these cases,
they recommended serial follow-up monitoring.

In the case of vestibular schwannoma (VS) of World
Health Organization Grade I, some patients have demon-
strated natural shrinkage. Between 1988 and 2013, 21
studies'". reported shrinkage of these tumors that ranged
from 1% to 29% during follow-up periods that lasted from 6
months-27 years. The degree of tumor shrinkage identified
ranged from 5.38% to 100% during the same follow-up. In

contrast, few reports have described the spontaneous re-
gression of a spinal cord dumbbell-shaped schwannoma.
Ito et al.” reported spontaneous regression after intramural
hemorrhaging, and Kunnel Jomon et al.” observed multiple
myeloma diagnosed after the tumor’s discovery that was
treated with pomalidomide and then regressed (Table 1).

In patients affected by neurofibromatosis type 2 (NF2)
with bilateral VS, the gene responsible for NF2 is local-

ized on chromosome 22"

. However, there is currently no
known genetic correlation with spontaneous shrinkage. von
) described two patients with NF2 who

underwent unilateral resection of VSs and demonstrated

Eckardstein et al.
regression of the contralateral medium-sized VSs during

follow-up periods of four and nine years, respectively. To
our knowledge, no large series have described spontaneous
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shrinkage of VSs in patients with NF2. A multicenter study
of 56 NF2 patients with 84 VSs reported 16 tumors out of
84 that regressed with a range of shrinkage between 1 and
7 mm during an average follow-up length of 51.3 months.
Although genetic testing was not performed for NF2 in the
present case, the shrinkage may be even greater in NF2 pa-
tients.

The principle of spontaneous tumor shrinkage is unclear,
although there are a few theoretical conjectures in the liter-
ature'”'”. Factors such as common genetics, environmental
factors, and lifestyle influences are expected to affect this
behavior. A reduction in vascular supply is the most promis-
ing hypothesis to date, and it is presumed to cause ischemic
necrosis and fibrosis, resulting in spontaneous shrinkage
of these tumors. A vascular genesis theory has been pro-
posed that involves ischemic necrosis of the tumor caused
by intra-tumorous thrombosis and subsequent fibrosis.
The blood supply in the regional microenvironment where
schwannomas grow may also contribute to spontaneous
tumor shrinkage, especially in elderly patients. Tumor cell
apoptosis or programmed cell death may also play a role in
spontaneous tumor shrinkage. A comprehensive investi-
gation of naturally occurring regression will be required to
identify prognostic factors of spontaneous tumor shrinkage.

Our reported case indicates that simple follow-up visits
can be helpful in the treatment of some tumors. It could
make a chance that the surgical removal of schwannomas
may be avoided if natural shrinkage of the tumor occurs.

CONCLUSION

The first choice of treatment for cervical schwannoma has
typically been surgical resection. However, in this case, a
tumor presumed to be a schwannoma naturally decreased
in size. Clinicians should consider the potential for a spon-
taneous size reduction of cervical dumbell-shaped schwan-

nomas.
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A calcifying pseudo-tumor of the spine, also called calcifying pseudoneoplasm of the neurax-
is (CAPNON), is a rare non-neoplastic lesion that can occur anywhere in the central nervous
system. Although CAPNON shows tumor-like behavior, it is believed to be benign and of in-
flammatory-reactive origin. It may cause many neurologic symptoms by compressing adja-
cent structures. We report the case of a 45-year-old man who presented with cauda equina
syndrome. Magnetic resonance imaging revealed a partially calcified mass compressing the
spinal cord. Gross total resection was carried out and the patient's symptoms improved. His-
topathology proved that the mass was CAPNON. Although spinal localization of CAPNON is
rare, we should know and recognize this entity based on appropriate imaging findings be-
cause radical excision has an excellent prognosis.

Keywords: Calcinosis; Cauda equina syndrome; Lumbar vertebrae; Magnetic resonance im-
aging

INTRODUCTION

Calcifying fibrous pseudoneoplasm, also known as calci-
fying pseudoneoplasm of the neuraxis (CAPNON) when
found in the central nervous system, are rare pathological
entities that are benign non- neoplastic fibrous lesions"”'*'?.
It’s usually found in patients who are above 50 years and,
in some cases, is associated with neurofibromatosis type
2> The disease may be found in the peritoneum, neck,
mediastinum, breast, extremities, central nervous system,
and spinal cord'"'"”. When the spine is involved, its most fre-
quently located in cervical region followed by thoracic and
lumber areas. CAPNON may be both intra- and extra-du-
ral'”. Pathogenesis of CAPNON is still unclear, however, it is

© 2023 The Korean Society of Peripheral Nervous System

thought of as reactive lesions with abundant hyalinized col-
lagenous fibrous tissue with psammomatous or dystrophic
calcification and focal lymphoplasmacytic infiltrate™”"”.
Patients who are diagnosed with CAPNON can have a va-
riety of symptoms from no symptoms at all to myelopathies,
depending on the location and compression of the sur-
rounding neural structure”'”. Therefore, the management of
CAPNON is largely dependent on the symptoms, and when
patients show severe neurologic deficits, complete surgical
removal is the treatment of choice'”. Since CAPNON has
excellent treatment outcomes when successfully removed,
a thorough diagnostic screening needs to be carried out.
Magnetic resonance imaging (MRI) is the modality of
choice of investigation which shows hypo intense T1- and

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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T2-weighted images with limited edema and contrast en-
hancement'*'*'”.

We present a rare case of CAPNON in the lumbosacral re-
gion showing cauda equine syndrome, mimicking hourglass

neurinoma or ependymoma.

CASE REPORT

A 45-year-old man came to the hospital emergency room
(ER) with severe low back pain and motor weakness in
both low extremities for 5 days (motor grade 3). Neurologic
examination revealed altered sensations in his buttocks,
inner thighs, backs of legs and feet, typically demonstrating
saddle-like paresthesia in L5-S1 dermatome. He had also
altered bowel and bladder habits prior to the visit to the ER.
His overall symptoms suggested the possibility of cauda
equina syndrome which could lead to a possible emergency
operation and thus, was admitted to our neurosurgery de-
partment for further diagnostic evaluations.

MRI showed an intradural mass extending into the neural
foramen where signals revealed partial calcification at the
L5-S1 disc level (Fig. 1A, B). Surgical removal was carried
out via laminectomy of L5 lamina to achieve clear access to
intradural calcified lesions. The dura was incised vertically
just above the mass. The incision was then extended just
above and below the lesion to get a clear view of the tumor.
The tumor was resting on the posterior dura, adhered with
the fibers of S1 within the neural foramen.

During surgery, the nerve roots of the dural sac adjacent
to the tumor were moved by gentle spatulation with a small
dissector. The lesion had a fibrous consistency due to the
presence of calcifications. There were no hemorrhagic focus
and infiltration into the surrounding tissues. The mass was

successfully removed without giving any injury to surround-
ing neurologic anatomy.

A biopsy was carried out with the mass acquired during
surgery. It confirmed the diagnosis of CAPNON. The his-
topathological slide was stained for hematoxylin and eosin
which showed positivity for the expression of factor XIIla
and vimentin and negativity for the expression of CD31,
CD34, anaplastic lymphoma kinase (ALK)-1, smooth muscle
actin (SMA), protein S100 and VIII factor (Fig. 2A, B).

On the first day after surgery the patient showed complete
resolution of cauda syndrome. After three months, we per-
formed a follow-up lumbosacral MRI with contrast which
showed no recurrence (Fig. 3A, B). After 15 months, patients

came for follow-up with no signs and symptoms of any re-

Fig. 2. (A) Histological findings include central calcification with
surrounding chondroid matrix organized in a nodular pattern.
There are palisade spindle cells around the nodules (hematoxy-
lin and eosin stain [H&E], x100 magnification). (B) Histological
findings showing inflammatory cells in the fibrovascular stroma
between chondromyxoid cells.

®

Fig. 1. (A) Preoperative sagittal T1-weighted magnetic resonance
imaging (MRI) with gadolinium enhancement displaying the L5-
S1 intradural neoplasm. (B) Preoperative axial T1-weighted MRI
with gadolinium enhancement displaying the L5-S1 intradural
neoplasm.

Fig. 3. (A) Postoperative sagittal T1-weighted MRI with gadolini-
um enhancement displaying no remnant tumor or recurrence. (B)
Postoperative axial T1-weighted MRI with gadolinium enhance-
ment displaying no remnant tumor or any recurrence.
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current disease.

DISCUSSION

Calcifying fibrous pseudoneoplams occurring in the neurax-
is is very rare. Nevertheless, it is rather more common for
it to occur in the spine than in the brain®”. To the author’s
knowledge, there are only 29 similar cases of CAPNON oc-
curring in the spine so far (Table 1). According to previous
studies, the tumor has a male preference occurring mostly in
patients aging more than fifty and can be present in all levels
of the spine”. The characteristics of the tumor also varied
greatly from case to case, where it was interosseous, intradu-
ral, extradural and even intradural extramedullary”'”.
CAPNON can only be diagnosed after a full histopatho-
logic and immunohistochemical analysis”'*'"). It is difficult
to suspect and diagnose the disease with only convention-
al imaging workup such as MRI, computed tomography
(CT) scans and X-rays. The tumor usually displays partial
calcifications on CT scans and on the MRI it usually shows
a well-defined hypointense lesion in T1 and T2 weighted
images along with limited hyperintensity after contrast
enhancement T1 weighted imaging'”'**”. Due to these
non-specific characteristics of the tumor, it is crucial for
physicians to rule out other more common possible dis-
ease entities. Chondromas, chordomas, meningiomas and

schwannomas were considered in the differential diagnosis
for extra-axial localizations, while oligodendrogliomas and
ganglioglioma for intra-axial localizations™'”.

The typical histopathological characteristics of CAPNON
are predominantly lymphoplasmacytic infiltrate with abun-
dant hyalinized collagen, dystrophic calcifications, fibrous
stroma with chondromixoid matrix, epithelioid cells ar-
ranged in palisades and similar inflammatory reaction with
giant cells””"”.

There have been some controversies regarding CAPNON
being inflammatory or neoplastic. Pathologists had hypoth-
esized that calcifying fibrous pseudotumor, as a slow-grow-
ing benign tumor, derived from inflammatory myofibroblas-
tic tumor than from a typically inflammatory lesion”. The
anatomopathologists in recent years have hypothesized that
calcifying fibrous pseudotumor was true benign tumor enti-
ties without having an inflammatory origin because they did
not present the characteristic immunohistochemical mark-
ers of inflammatory myofibroblastic tumors”'”.

In the case presented in this study it showed similar re-
sults where it showed hyalinized leiomyoma (positive for
smooth muscle markers, SMA, desmin, negative for the ex-
pression of factor XIII); Inflammatory myofibroblastic tumor
(negative for SMA expression and only sporadically positive
for Keratin and desmin expression, while always positive for
the expression of factor XIIIa and ALK).

Table 1. Reported cases of calcifying pseudoneoplasm of the neuraxis located in the spinal cord

References Year Location of tumor Recurrence Neurologic outcome after surgery
Bertoni et al.” 1990 Lumbar None Improved
Fetsch et al.” 1993 Lumbar None Improved
Mayr et al."” 2000 Cervical and thoracic None Improved
Liccardo et al.”” 2003 Dorsal None Improved
Aiken et al.” 2009 Dorsal None Not described
Mahapatra et al."” 2010 Lumber None Improved
Naidu et al."” 2012 Lumbar None Improved
Nathoo et al."” 2012 Lumbar None Improved
Stienen et al.”” 2013 Lumber None Improved
Kocovski et al.” 2015 Lumbar Not described Not described
Lopes et al.” 2016 Lumbar None Improved
Garcia Duque et al.” 2016 Cervical, dorsal, and lumbar None Improved
Gauden et al.” 2019 Cervical None Improved
Ho et al.” 2020 Cervical, dorsal, and lumbar None Variable
Ravi et al.”” 2022 Lumbar None Improved

The data is presented as number (%) or mean + standard deviation.
OPLL: ossification of the posterior longitudinal ligament.
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The overall treatment outcome is known to be excellent
with complete surgical removal’. Recurrences appeared
rare even after complete or incomplete resection of the
disease®”. Stienen et al."” found no recurrence of lesion in
92.3% of the cases.

CONCLUSION

CAPNON is a rare but benign tumor now considered an
autonomous anatomopathological entity. Neurosurgeons
should be aware of the disease and recognize this entity
through conventional image workups and histopathologic
outcomes because radical excision determines an excellent
prognosis.
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INTRODUCTION

When a central nervous system (CNS) lesion is found in pa-

When a central nervous system (CNS) lesion is found in patients with chronic lymphocytic
leukemia (CLL), the diagnostic possibilities include CNS involvement of CLL, transformation to
a large B-cell lymphoma (Richter's syndrome [RS]), or the coincidental presence of another tu-
morous or non-tumorous disease. CNS RS commonly occurs in preexisting CLL with other
nodal/extra-nodal involvement, but it is extremely rare to find isolated CNS RS concurrently
with the initial diagnosis of CLL. A 73-year-old woman presented with a headache and find-
ings from another hospital of an elevated white blood cell count and intraventricular masses.
A peripheral blood smear and a bone marrow biopsy revealed CLL. Brain magnetic resonance
imaging with gadolinium enhancement showed a suprasellar mass and a pineal mass within
the third ventricle, as well as extensive leptomeningeal enhancement. Whole-body fluorode-
oxyglucose proton emission tomography-computed tomography showed no hot uptake except
for the brain lesions. Cerebrospinal fluid cytology showed small atypical lymphocytes sugges-
tive of CLL involvement. However, an endoscopic biopsy of the third-ventricle mass demon-
strated diffuse large B-cell lymphoma. After 3 months of systemic high-dose methotrexate, all
preexisting lesions disappeared, but new hemorrhagic masses were found in the right lateral
ventricle and the fourth ventricle. The patient received palliative cranial radiotherapy but died
6 months after the initial diagnosis. Accurate CNS tissue diagnosis and appropriate treatment
are critical.

Keywords: B-cell; Central nervous system neoplasms; Leukemia; Lymphocytic; Lymphoma;
Large B-cell

tients with chronic lymphocytic leukemia (CLL), it is rarely
diagnosed as CNS involvement of leukemic cells, which
is known to occur mostly in cases of acute lymphoblastic
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leukemia. Richter’s syndrome (RS) refers to the transfor-
mation of CLL to diffuse large B-cell lymphoma (DLBCL),
which occurs in 90% to 95% of cases or other aggressive

15)

lymphomas . Otherwise, other CNS malignancies, non-tu-
morous diseases, and so on can be considered. RS is rare
and it occurs in approximately 5% of CLL cases'”. The CNS
involvement of RS can also be considered if the CNS lesion
is confirmed to be a DLBCL. CNS RS commonly occurs with
latency in the preexisting CLL or with systematic RS'"”. We
introduce an extremely rare case of an isolated CNS DLBCL

without other systemic RS at the time of the initial diagnosis

of CLL, which was at first confused as a CNS involvement of
CLL.

CASE REPORT

A 73-year-old woman with a history of diabetes mellitus
and hypertension visited our hospital because of elevated
white blood cell count and intraventricular masses (Fig.
1A), which were detected during a medical examination
conducted at another hospital with a headache. Also, she
has been complaining of general weakness but without a

Fig. 1. Brain magnetic resonance imaging. (A) Initial T1-weighted image (WI) without enhancement performed at outside hospital
showed a suprasellar mass (2.0 x 1.8 cm size; arrow) and a pineal mass (1.2 x 1.2 cm size; arrow head) in the 3rd ventricle. (B) Gadolini-
um enhanced T1-WI performed 8 days later showed that suprasellar mass (2.4 x 2.1 cm size) and pineal area mass (1.7 x 1.5 cm size) in
the 3rd ventricle increased in size, and enhancements in the left caudate nucleus, left lateral ventricle wall, septum pellucidum, pituitary
stalk, anterior surface of ponto-medulla.
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specific neurological deficit. In our examination, her white
blood cell count was 129,800/mm® with 90% lymphocytes,
hemoglobin of 12.7 g/dL, hematocrit of 37.8%, platelet count
of 157 x 10” /L, and lactate dehydrogenase of 226 IU/L (nor-
mal range, 120-250 IU/L). Her serum sodium level was very
low at 119 mEg/L, and the basal hormonal study revealed
panhypopituitarism. Her body temperature was 36.4°C.
Brain magnetic resonance imaging (MRI) with gadolinium
enhancement showed a suprasellar mass with a size of 2.4
x 2.1 cm, a pineal mass with a size of 1.7 x 1.5 cm within the
3rd ventricle, and enhancements in the left caudate nucleus,
septum pellucidum, left lateral ventricle wall, pituitary stalk,

clivus, inferior wall of the 4th ventricle, anterior surface
of the ponto-medulla (Fig. 1B). Compared to the non-en-
hanced brain MRI performed at another hospital 8 days
prior, the recent MRI showed that tumors in the 3rd ventri-
cle increased in size and progression of hydrocephalus. The
systemic evaluation was performed including whole-body
fluorodeoxyglucose (FDG) positron emission tomography
(PET)/ computed tomography (CT) and no hot uptake le-
sion was observed except the brain lesions (SUVmax 20.2)
(Fig. 2). Lymph node (LN) enlargement or other extranodal
lesions were not found.

Peripheral blood smear presented severe leukocytosis

Fig. 2. Whole-body fluorodeoxyglucose positron emission tomography/computed tomography presented multiple variable sized masses
with hypermetabolism (arrows) including suprasellar area, pineal gland and left caudate nucleus. Other hot uptake lesion was not ob-

served in the body except the brain lesions.
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made up of 90% of mature lymphocytes. Bone marrow
(BM) biopsy revealed small mature lymphocytes with 80.6%
being all marrow cells and concluded the development of
CD5-positive small B-cell lineage CLL (Fig. 3A). Immuno-
fluorescence exhibited CD3+(focal), CD5+, CD19+, CD20+,
CD22+, CD45+, CD10-, CD23-, with ki-67 of 10% (Fig. 3B). A
chromosomal study of BM lymphocytes showed an add 4p
MAR, but without other CLL-related poor prognostic factors,
such as deletion 17p, deletion 11q, or transformation.

For the CNS lesions, CNS involvement of CLL, germ cell
tumor, CNS lymphoma, and so on were considered differen-
tial diagnoses. Cerebrospinal fluid (CSF) analysis via lumbar

puncture showed the following results: red blood cell count
of 100/ L, white blood cell count of 300/pL (poly, 1%; mono,
99%), protein level of 143.87 mg/dL, and glucose level of 12

mg/dL, and « -fetoprotein, human chorionic gonadotro-
pin, and Epstein-Barr virus (EBV) DNA-polymerase chain
reaction showed negative findings. CSF cytology showed
small atypical lymphocytes, which is most likely indicative
of leptomeningeal involvement in CLL. Since the patient did
not have LN adenopathy, anemia, thrombocytopenia, and
hepatosplenomegaly, CLL corresponds to Rai stage 0 and
Binet stage A (Table 1), both showing a low risk. With only
aggressive involvement in CNS, it was necessary to ensure
the CNS etiology. The patient underwent endoscopic biopsy
for a suprasellar mass in the 3rd ventricle through the right
Kocher's point and Ommaya reservoir implantation. On in-
traoperative finding, the mass in the 3rd ventricle appeared
very hypervascular with a red surface (Fig. 4). Pathology
result showed DLBCL (Fig. 5A). In situ hybridization for
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Fig. 3. Bone marrow aspiration findings. (A) Hematoxylin-eosin (H & E) staining (x400): small lymphocytes are counted up to 80.6% of all
marrow cells. (B) Immunofluorescence by flow cytometry (x400): CD5 positive small B-cell lineage chronic lymphocytic leukemia.

Table 1. Clinical staging system of chronic lymphocytic leukemia

Staging system Risk Characteristics
Rai stage
Stage 0 Low Lymphocytosis alone (absolute lymphocytes > 15,000/mm® in blood and > 409% lymphocytes in marrow)
Stage | Intermediate Lymphocytosis + lymphadenopathy
Stage |l Intermediate Lymphocytosis + spleen and/or liver enlargement
Stage Il High Lymphocytosis + anemia (hemoglobin < 11 g/dL)
Stage IV High Lymphocytosis + thrombocytopenia (platelet count < 100 x 10° /L)
Binet
stage
Stage A Low <3 areas of lymphoid tissue enlarged, without anemia (hemoglobin < 10 g/dL) or thrombocytopenia
(platelet count < 100 x 10° /L)
Stage B Intermediate >3 areas of lymphoid tissue enlarged, without anemia or thrombocytopenia
Stage C High Anemia and/or thrombocytopenia present
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EBV was negative. Disconcordantly with BM, immunohis-
tochemical (IHC) staining of the 3rd ventricle mass showed
CD10+, CD20+, CD3-, CD5-, CD23-, CD30-, SOX11- Bcl2-,
and Bcl6- with ki-67 of 80% (Fig. 5B).

With administering 4 mg of dexamethasone every 6 hr for
9 days, suprasellar and pineal masses had already begun to
decrease in size at postoperative serial brain CT/diffusion
MR, even before the chemotherapy was started. The patient
underwent 3 cycles of systemic high-dose methotrexate. Af-

ter 3 months of treatment, generalized tonic-clonic seizure

Fig. 4. Endoscopic finding of Foramen Monro (right lateral ven-
tricle) and 3rd ventricle mass. The surface of the intraventricular
mass is very hypervascular with red color.

@.. a0

occurred and a follow-up brain MRI showed that all the
preexisting lesions have disappeared, but new hemorrhagic
masses of approximately 1 cm were found in the posterior
horn of the right lateral ventricle (Fig. 6A) and in the left su-
perior wall of the 4th ventricle (Fig. 6B). In the CSF analysis,
atypical lymphoid cells were detected at every examination
during the treatment period. Due to the patient's poor gen-
eral condition, additional chemotherapy was not performed
and palliative intensity-modulated radiation therapy (33
Gy/15 fx) for the whole ventricle was performed. The patient
has been in a bed-ridden state due to general weakness
since the initial diagnosis of CLL and suffered from medical
comorbidities. She died 6 months after the initial diagnosis.

DISCUSSION

The incidence of CNS involvement in CLL is 0.4% to 2% of
cases diagnosed with clinical symptoms and 7% to 71% of
cases found in autopsy as asymptomatic, which is highly
subclinically present”*”. The incidence of overall RS in CLL
is known to be approximately 5%'”. LN or BM infiltration at
the time of large cell transformation is typical with/without
extranodal involvement. Particularly, it is extremely rare that
the site localized to a single extranodal site is CNS***”. Ac-
cording to previous data involving 4,147 CLL patients from
the Mayo Clinic, there were 15 (0.3%) and 18 (0.4%) patients
diagnosed with isolated CNS RS and CNS involvement in
CLL, respectively””. Of the 204 CLL RS patients, 4 patients
(2.0%) had isolated CNS RS out of 11 (5.4%) patients with

Fig. 5. Pathologic findings of 3rd ventricle mass. (A) Hematoxylin-eosin (H & E) staining (x400) revealed diffuse large B-cell lymphoma. (B)
Immunohistochemical stain (x400) showed negative CD5 stain, disconcordant with bone marrow finding.
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Fig. 6. After 3 months of treatment, brain magnetic resonance imaging with gadolinium enhancement presented all the preexisting
lesions have disappeared, but new hemorrhagic masses of approximately 1 cm were found in the (A) posterior horn of the right lateral
ventricle and (B) left superior wall of the 4th ventricle.

biopsy-proven CNS RS”. CNS involvement in both CLL and
RS commonly occurs with latency in preexisting CLL"”. It is
extremely rare that isolated CNS RS is found simultaneously
at the initial diagnosis of CLL, as our patient. Among the 19
isolated CNS RS cases reported by 2022, four were diagnosed
simultaneously with the initial diagnosis of CLL"*"***"),

CNS involvement in CLL/RS can present with visual
changes(22%), encephalopathy (29%), and weakness with
paresthesia (22%)'”. Symptoms are based on the location of
the lesion, both favor spreading via leptomeninges. If CNS
symptoms occur in CLL patients, CSF analysis, and imaging
studies such as brain MRI, are performed for differential
diagnosis. Whole-body FDG-PET can help evaluate the
existence of any systemic involvement. In our patient, CSF
cytology and brain biopsy results showed a discrepancy.
Patients diagnosed only by CSF analysis and/or brain MRI
without biopsy confirmation may have been misdiagnosed.
The true incidence of CNS CLL/RS may be different from
the already reported incidence. Among the 31 symptomatic
CLL patients with CSF analysis demonstrating the presence
of CLL B-cells, 18 (58%) had an alternative diagnosis after
tissue biopsy. This included CNS infections in 8 patients, au-
toimmune/inflammatory process in 5, metastatic cancer in
1, and non-CLL-related etiology in 4°.

The IHC staining showed that the CLL cells in BM and

DLBCL on brain biopsy showed slightly different surface
markers, indicating different immunophenotypes. If dif-
ferent immunophenotypes are shown, there are both pos-
sibilities originating from the identical B-cell clonality, or
activating from different clonality, and the definition of RS
broadly includes both of these cases™***”. The type of clonal
pattern has an impact on prognosis; clonally related RS has
a dismal outcome, is resistant to chemotherapy, and has a
median survival of approximately 12 months, whereas clon-
ally unrelated RS has a median survival of 65 months”'".
Unfortunately, in our patient, immunoglobulin heavy chain
rearrangement studies were not performed on the BM and
brain specimen; thus, we cannot determine whether BM
CLL and the CNS DLBCL had identical clonality.

In the case of CNS involvement in CLL/RS, most cases oc-

cur over a period of latency in preexisting CLL"”

. However,
our patient presented isolated CNS RS simultaneously when
CLL was initially diagnosed. Compared to the relatively sta-
ble systemic CLL, only CNS lesions progressed rapidly and
extensively. Of the 19 reported isolated CNS RS cases, data
were available for 10 patients, including 8 with Binet stage
A, 2 with Binet stage B, and no patient with advanced Binet

7,21,25

stage””"””). Our patient had Binet stage A, Rai stage 0 with-
out LN adenopathy, splenomegaly, and thrombocytopenia,

but she did not have other suspected clinical RS symptoms,
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such as fever and elevation of serum LDH level. It may be
difficult to suspect the first chance that isolated CNS RS oc-
curred alone without other nodal/extranodal lesion'”. Most
studies suggest that there is no clear association between the
Rai and Binet stages of CLL and CNS involvement in CLL/
RS"'"“*Y. Although there is only a small number of cases,
isolated CNS involvement, including our patient, seems to
be independent of the CLL stage. However, if not limited to
CNS, the advanced Rai/Binet stage is included as a risk fac-
tor for overall RS occurrence from CLL. Several studies have
identified biological characteristics of CLL associated with
an increased risk of RS: CD38, CD49d, and Zap-70 expres-
sion, unmutated IGHV, delllq, dell7p, trisomy 12, complex
karyotype, loss of cell cycle inhibitors CDKN1A/CDKN2A/
CDKNI1B, deletion of the p53/Rb/p27genes, mutations of
the SAMHD1/XPO1/MED12/NOTCH1/MYC genes, overex-
pression of ZAP70/BCL2/LRP4 genes, decreased expression
of MYBL1, and so on*?.

Negative Bcl-2 and positive Bcl-6 are related to better
outcomes in cases with CNS lymphoma®. Furthermore, the
existence of MYD88L265P and CD79b mutation, which are
the major genetic abnormalities of primary CNS lymphoma,
provided a therapeutic target and better outcomes™””.

It is known that long-term survival with a median surviv-
al of 111 months is possible among patients with normal
karyotype CLL". However, in the case of CNS involvement
in CLL, a shortening of survival from 3 months to 3 years is
observed”. A study showed a median survival of 12 (15 pa-
tients) and 11 (18 patients) months in the cohort with CLL

and RS CNS involvement, respectively””

. There was a trend
toward better survival in those with CNS CLL as compared
to those with CNS DLBCL". In those with untransformed
CLL presenting in the CNS, 14 of 23 (58%) patients were alive
at the time of follow-up (median, 12 months), as compared
to only 6 of 15 (33%) with RS and prior CLL alive at the time
of follow-up (median, 3 months)'?.

Aside from CNS involvement, RS itself is a fatal complica-
tion of CLL, with an average survival of 8 to 12 months”'”.
A previous study of 204 patients with RS from CLL as con-
firmed by biopsy showed overall survival (OS) of 9.4 months
for 15 CNS RS patients”. The median OS of 16 isolated CNS
RS cases was 6 months, which was shorter than that for oth-
er sites of RS (8 months)'”. Since most cases are diagnosed
with CNS RS after a latency period with preexisting CLL, it is

difficult to derive an average survival rate using only the data
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obtained from an extremely small number of cases, which
had a simultaneous diagnosis of isolated CNS RS when CLL
was initially diagnosed.

Our patient survived for 6 months after the initial diagno-
sis of CNS RS, which is thought to correspond to the conven-
tional survival of CNS RS. Five CNS RS patients who concur-
rently had CLL also showed a median OS of 5 months'"”. In
addition to the survival rate itself, it is thought that neuro-
logical deficits due to CNS lesion reduced the patient's per-
formance status, limiting the application of other treatments
and affecting the patient's quality of life throughout his/her
lifetime.

Both CLL and RS CNS involvement are rare entities, and
no gold standard treatment or first-line regimen has been
defined. The treatments include intrathecal/intravenous
chemotherapy, radiation therapy, and stem cell transplan-
tation. Established therapy for primary CNS lymphoma can
be applied to treat CNS RS, which includes intravenous/in-
trathecal high-dose methotrexate combined with rituximab
(chimeric anti-CD20 monoclonal antibody). Additionally,
an intrathecal regimen, such as methotrexate, cytarabine,
and corticosteroid, can be used, which is the treatment for

19 Chemoimmunotherapy

leptomeningeal diseases in CLL
with the combination of fludarabine, cyclophosphamide,
rituximab, ibrutinib (a selective inhibitor of Bruton tyrosine
kinase), and/or Venetoclax (a selective inhibitor of BCl-
2) may be considered'”. One patient underwent 1 cycle of
temozolomide and whole-brain radiation therapy without
conventional chemotherapy due to old age. She survived for
approximately 11 months from the initial diagnosis of CLL
with concurrent CNS RS”. Treatment effects can be deter-
mined by image and CSF clearance. The results are general-
ly disappointing because of the chemoresistance and poor
performance status of patients to continue the therapy™”.
CNSRS, especially isolated CNS RS, is a rare entity and more
case collection and analysis will help establish its future
treatment strategy.

CONCLUSION

In CLL patients, both CLL and RS (DLBCL) CNS involve-
ment are rare, and the presence of CNS RS with the initial
diagnosis of CLL is extremely rare. Both diseases can be dif-
ficult to distinguish in terms of B-cell lymphocytes. Appro-
priate treatment should be selected through rapid and exact
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CNS tissue diagnosis.
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6 Invasive Klebsiella pneumoniae syndrome is defined as community-acquired liver abscess and
metastatic infections in the lung, soft tissue, and central nervous system (CNS) caused by hy-
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pervirulent Klebsiella pneumoniae. Metastatic CNS infection in invasive Klebsiella pneumoniae
syndrome shows rapid clinical deterioration and a high mortality rate. We present a case of
ventriculitis caused by invasive Klebsiella pneumoniae syndrome successfully treated with a

timely diagnosis, immediate surgical intervention, and administration of antibiotics.
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INTRODUCTION

Klebsiella pneumoniae is a gram-negative, anaerobic ba-
cillus, a well-known nosocomial and community-acquired
pathogen causing respiratory, urinary, and hepatobiliary
infections”®”. Among them, hypervirulent strains have been
reported to cause community-acquired liver abscesses and
metastatic infections in lung, prostate, soft tissue, eye, and
central nervous system (CNS) in non-immunocompromised
individuals, defined as invasive Klebsiella pneumoniae syn-
drome (IKPS)”. The rate of metastatic infection ranges from
3.5% to 20%” with a mortality rate of 3% to 42%". CNS infec-

© 2023 The Korean Society of Peripheral Nervous System
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tion shows a higher mortality rate 40% to 50% than other
metastatic infections”. It presents mostly as meningitis,
encephalitis or cerebral abscess, and presenting primarily
as ventriculitis or ventricular empyema is rare”. We present
a case of IKPS with ventriculitis successfully treated with a
timely injection of antibiotics and surgical intervention.

CASE REPORT

A 50-year-old male with no previous medical history came
into the emergency room with acute mental status change
with a Glasgow Coma Scale (GCS) score of 13. His mother

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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stated he presented with hemoptysis two weeks ago, sub-
sequently a high fever of 39°C and right upper quadrant
abdominal pain two days ago. He began to show disorienta-
tion and confusion a day ago. His pupils were isocoric and
prompt with no other neurological deficits. There was no
sign of neck stiffness or Brudzinski sign. Blood lab results
showed an elevated white blood cell (WBC) count of 45,780/
pL with 87% of neutrophil count, platelet count of 44,000/
pL, elevated C-reactive protein level of 256.4 mg/L, along

with elevated aspartate transaminase, alanine aminotrans-
ferase, and glucose. Urine analysis showed glucosuria,
proteinuria, and hematuria. Enhanced abdomen computed
tomography (CT) showed air-fluid lesion of 15 cm in left
lobe of liver (Fig. 1A) and left renal abscess (Fig. 1B). Chest
CT showed bilateral multiple scattered nodular and cavitary
lesions suggestive of pneumonia with lung abscess (Fig. 1C).
Non-contrast brain CT showed iso-dense fluid collection
in depending portion of both lateral ventricles (Fig. 1D).

Fig. 1. Abdominal-pelvic computed tomography (CT) shows a 15-cm irreqular cystic air-fluid lesion in the left lobe of the liver (A) and a
well-defined low-density lesion in the left kidney (B), suggesting a liver abscess and renal abscess. Chest CT (C) shows multiple scattered
nodular and cavitary lesions in both lungs, suggesting pneumonia with a lung abscess. Brain CT (D) shows isodense fluid collection in

both lateral ventricles.
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With CT showing multiple organ abscess, brain magnetic
resonance image (MRI) was done in order to differentiate
intraventricular pus and hemorrhage. Diffusion-weighted
image showed hyperintensity in lateral and fourth ventricles
with low apparent diffusion coefficient value (Fig. 2). Mild
hydrocephalus was present and enhanced MRI showed no
ependymal enhancement. With high suspicion of ventric-
ular abscess accompanied by liver, renal, and lung abscess,
a percutaneous drainage tube was inserted in liver abscess
and 480 cc of pus was drained. Subsequently, immediate in-
sertion of a bilateral extraventricular drain (EVD) was done.
Draining cerebrospinal fluid (CSF) showed high opening
pressure with a turbid, yellowish color. CSF analysis showed
WBC count of 5,150/mm®, low glucose level of 30 mg/dL,
and an increased protein level of 446 mg/dL. During treat-

ment, patient showed rapid progressive deterioration of the
GCS score from 13 to 8. Patient was immediately started
on meropenem and vancomycin IV. On fourth postoper-
ative day, peripheral blood, liver and CSF culture showed
growth of Klebsiella pneumoniae and antibiotic regimen was
changed to ceftriaxone 2 g per 12 hr. Patient showed gradual
improvement in GCS score, inflammation markers and body
temperature. Both EVD were removed on eighth and tenth
postoperative days and on twelfth postoperative day patient
showed no fever or other systemic symptoms with a GCS
score of 14. Patient was injected with ceftriaxone for four
weeks and was discharged home without any neurological
deficits followed by two weeks of oral cefixime.

Fig. 2. The first column of brain magnetic resonance imaging (MRI) shows hyperintense lesions in the bilateral fourth ventricles and bi-
lateral frontoparietal cortical sulcus in diffusion-weighted imaging (DWI). The second column shows low apparent diffusion coefficient
values in the corresponding lesions in DWI. The third column of T1-enhanced MRI shows no meningeal or ependymal enhancement.
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DISCUSSION

IKPS was first documented in 1980s in Taiwan and subse-
quently several cases were presented worldwide2). Its risk
factors include diabetes mellitus and East-Asian descent””.
Its etiology is yet poorly understood but is thought to be he-
matogenous through enterohepatic circulation8); and 75%
of East-Asian are carriers of Klebsiella pneumoniae in con-
trast to 10%-19% in European”.

Hypervirulent strains causing IKPS are known to have
specific genes, rmpA (a regulator of the mucoid phenotype)
and magA (mucoviscosity-associated gene A) which are
exclusive for capsule serotype K1 and K2"”. These genes are
responsible for hypermucoviscosity of the capsule, making it
resistant to phagocytosis”. Determination of hypermucovis-
cosity is based on a positive string test in which a bacterial
colony on an agar plate can be stretched into viscous string
of over 5mm in length with an inoculation needle”.

Ventriculitis caused by IKPS is rare and documented in
few case reports. However, these case reports tend to show
similar clinical course; initially presenting with nonspecific
symptoms, rapid deterioration of mental status, equivocal
brain CT results, diagnosis through diffusion-weighted MRI,
and the need for CSF diversion"”"'". This is also shown in
primary pyogenic ventriculitis caused by pathogens other
than Klebsiella pneumoniae. According to Gronthoud et al.”,
6 cases of primary pyogenic ventriculitis not associated with
meningitis, abscess, surgical intervention or trauma were re-
ported up to 2016. Most cases reported male patients with a
median age of 63, initially presenting with nonspecific fever
and headache with only one case showing meningism. Di-
agnosis of choice is MRI where ventricular infection shows
high signal intensity in T1 and low signal intensity in T2. For
early phase of infection, diffusion-weighted image tends to
show higher sensitivity””. CT has limitations in differentiat-
ing intraventricular pus and hemorrhage, and are less sen-
sitive in early phase of ventricular infection2). One report
shows initial CT did not present an intraventricular lesion
until clinical deterioration after two days, delaying diagnosis
and treatment of the patient”.

Presently, there is no concrete treatment guideline for
ventriculitis caused by IKPS due to its small number of
cases, but pyogenic ventriculitis caused by other bacterial
agents was mostly treated with intravenous antibiotics for 6
to 7 weeks”. When reviewing reported cases of ventriculitis
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associated with IKPS (Table 1), those who were successfully
treated were administered antibiotics for 6 weeks. Either 6
weeks of intravenous antibiotics or 4 weeks of intravenous
and subsequent 2 weeks of oral antibiotics was sufficient
for survived cases. Intraventricular antibiotics irrigation
was not conducted in any of the reported cases, which may
imply that intraventricular irrigation may not be mandatory
for treating ventriculitis in IKPS. However, in one casng, re-
petitive clogging of EVD was reported which required EVD
exchange for six times. Further studies should be conducted
to investigate whether intraventricular antibiotics irrigation
might aid in facilitating patient’s recovery and maintaining
the patency of EVD.

Most cases that showed good outcomes have undergone
EVD insertion, both in ventriculitis caused by IKPS and
other bacterial species”. One case of ventriculitis associated
with IKPS showed a good outcome without insertion of EVD
or any form of CSF drainage. However, after 6 weeks of in-
travenous antibiotics, patient showed mental status decline
due to progressing hydrocephalus. The patient fully recov-
ered after insertion of ventriculo-peritoneal shunt. This may
indicate that insertion of EVD or CSF drainage is not a defi-
nite prerequisite for successful treatment of ventriculitis but
may reduce the burden of infection in early stage of disease
and risk of developing delayed hydrocephalus.

Prognostic factors of ventriculitis associated with IKPS
are not well-established due to their limited studies. Yet,
previous studies regarding neonatal or adult bacterial men-
ingitis show elevated protein levels in CSF might be associ-

ated with poor outcomes'”

. The intensity of inflammatory
response in meningitis might be reflected by high protein
level'”. Reviewed cases (Table 1) also show patients with
poor outcomes generally having higher CSF protein level
than patients with good outcomes. However, some patients
with good outcomes showed higher CSF WBC and lower
CSF glucose level than patients with poor outcomes. High
protein levels may reflect a high infection burden but may
also suggest an active inflammatory response leading to
the repair and regeneration stage of inflammation. Further
investigation is needed to identify prognostic factors in CSF
and blood lab results or previous medical history of IKPS
patients presenting with ventriculitis.
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CONCLUSION

As IKPS is also increasing in Western countries, due to its
nonspecific presentation, rapid progression and high mor-
tality rate, keen awareness of suspicion of CNS infection in
multiple organ abscesses should be warranted. Although
further studies are warranted, fast surgical intervention of
CSF drainage combined with antibiotics is essential in im-
proving patient’s outcomes in ventriculitis associated with
IKPS.
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Anterior Cage Migration during Transforaminal Lumbar
Interbody Fusion: A Case Report and Review of the Literature

Yo-Han Son, Young-Jin Kim, Sang-Koo Lee

Department of Neurosurgery, Dankook University Hospital, Dankook University College of Medicine, Cheonan, Republic of Korea

G Transforaminal lumbar interbody fusion (TLIF) is a popular procedure for patients with lumbar
instability with unilateral foraminal stenosis. Many complications can occur during the proce-
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dure. However, cage migration during the procedure is rarely reported. Anterior cage migra-
tions can lead to catastrophic consequences due to the possibility of major vessel injuries.
Here, we present a 76-year-old male patient whose cage extruded anteriorly during L5-S1

TLIF. Fortunately, he did not experience any life-threatening complications, and the migrated
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INTRODUCTION

Transforaminal lumbar interbody fusion (TLIF) is an effec-
tive operative procedure, showing satisfactory results with
acceptable risk rates'®. It has gained popularity due to its
minimal invasiveness, lower blood loss compared to other
surgical techniques, and shorter hospitalization period”.
Ironically the increase in the popularity of TLIF has also re-
sulted in increased complication rates, including dural tears,
nerve root injuries, screw loosening, and cage misposition-
ing or migration. Here, we present a rare case of the intraop-
erative anterior extrusion of a fusion cage during TLIF.

© 2023 The Korean Society of Peripheral Nervous System

cage was visible just below the iliac vessels' bifurcation site on computed tomography angiog-
raphy. As an alternative, an emergency anterior lumbar interbody fusion was successfully per-
formed, and the TLIF cage was removed during this procedure.

Keywords: Longitudinal ligaments; Lumbar vertebrae; Spinal fusion

CASE REPORT

A 76-year-old male patient had initially experienced a grad-
ual aggravation of left lower extremity motor weakness and
radiating pain in the L5 and S1 dermatome. His imaging
workup carried out at a local spine center, showed severe
left L4-5 and L5-S1 foraminal stenosis with central disc ex-
trusion and spondylolisthesis at L5-S1 level (Fig. 1, 2). The
patient underwent open lumbar microdiscectomy at the
L4-5level and TLIF at the L5-S1 level. Unfortunately, during
the cage insertion procedure at the L5-S1 level, anterior
migration occurred where the cage disappeared into the

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Fig. 1. (A) Sagittal T2-weighted magnetic resonance image (MRI)
showing left foraminal stenosis at L4-5 level. (B) Axial T2-weight-
ed MRI showing left foraminal stenosis at L4-5 level.

Fig. 2. (A) Sagittal T2-weighted magnetic resonance image (MRI)
showing left severe foraminal stenosis at L5-S1 level. (B) Axial
T2-weighted MRI showing central disc protrusion at L5-5S1 level.

abdominal space. The patient was immediately transferred
to our hospital for a thorough evaluation and possible emer-
gency surgery. The patient was very stable when he arrived
at our emergency room and his initial symptoms had sub-
sided. Imaging workup X-rays and computed tomography
angiography (CTA) (Fig. 3) revealed no major vessel injuries,
and the lost cage was placed just below the iliac artery bifur-
cation area. The patient was hemodynamically stable and
was sent to the intensive care unit.

With the help of the department of general surgery, an-
terior lumbar body fusion (ALIF) at L5-S1 was performed
the next day to both remove the migrated cage and restore
stability to the lumbar spine. In the surgical field, the cage
was located in front of the L5-S1 disc space just below the
iliac artery bifurcation, and no bleeding or vessel injury was
observed (Fig. 4).

The cage was removed, and a large ALIF cage was inserted

76 www.thenerve.net

Fig. 3. (A) Lateral lumbar X-ray image showing anterior migration
of fusion cage. (B) Axial image of abdominal computed tomogra-
phy angiography showing fusion cage just below iliac artery bifur-
cation (white arrow).
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Fig. 4. Intraoperative field showing migrated cage above left iliac
artery.

without any complications. Then, the patient was placed in
the prone position, and pedicle screws were inserted percu-
taneously.

Surgery was completed successfully without complica-
tions (Fig. 5). The patient was discharged ten days after sur-

gery with no neurological deficits.

DISCUSSION

TLIF surgery was first introduced in 1982 by Harms and
Rolinger‘”, and it is considered the preferred method of in-
terbody fusion. There are several advantages of TLIF com-
pared to previous conventional methods of spine interbody

fusion. TLIF minimizes the possibility of dural and nerve
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Fig. 5. Successful surgical removal of fusion cage and anterior
lumbar interbody fusion.

injury since only minimal thecal sac traction is needed for
cage entry after the removal of the ipsilateral facet. Also,
through the removal of the facet, the problematic foraminal
area can be exposed with little difficulty. Another benefit of
TLIF is that additional posterolateral fusion is possible since
the contralateral laminae and spinous processes are usually
preserved”.

However, even with these excellent features of TLIF, criti-
cal complications can occur during the procedure. Although
rare, as the case presented in this study, one of the most
infamous complications is anterior cage migration. Anterior
migration during the procedure can occur when the opera-
tor is inserting the cage into the disc space. During this pro-
cess, the surgeon’s excessive curettage and strong impaction

Table 1. Complications after the anterior migration of cage in
transforaminal lumbar interbody fusion

References Year Complication

Proubasta et al.”” 2002  Compressed major vessels

Yoshimoto et al.*” 2007  Deep vein thrombosis

Cakmak et al.” 2010  Colon perforation

Pawar et al."” 2010  IVCinjury

Garg et al.” 2017  Sigmoid colon perforation

Murase et al.”” 2017 IVCinjury

Xu and Zheng'® 2017  Left femoral nerve injury following cage
extraction

Kumar et al.”” 2021  Potential risk of perforation of major
vessels

Aleixo et al.” 2021  lliac vein injury

IVC: Inferior vena cava.

can result in an anterior longitudinal ligament (ALL) tear
leading to instant anterior migration into the abdominal
space. This could lead to major vessel injuries, resulting in
catastrophic consequences3). Many studies have reported
the risk factors of cage migration, such as old age, low bone
quality, small or oversized cages, and rectangularly shaped

Cagesl,7—10,12,13,17,

*. However, these factors are usually related
to postoperative migration during the follow-up periods af-
ter successful surgery”*”. The preservation of the ALL during
disc preparation is especially crucial during TLIF. The ALL
usually acts as a barrier during the cage insertion process
and minimizes the possibility of the cage entering the ab-
dominal space. It attaches firmly to the anterior surface of
the vertebrae. It is not strong on the lateral side which makes
it more vulnerable to unilateral and oblique disc procedures
than other operations'".

There are no guidelines for reoperation due to anterior
cage migration. Although it would be reasonable to consider
removing a foreign body that has the possibility of becom-
ing an infection source or a possible cause of delayed vessel
injury, there are many arguments against the removal of a
migrated cage, especially in hemodynamically stable pa-

tientsl,z,'/,l(),14,15,19,2()) (Table 1)

CONCLUSION

TLIF is an increasingly popular procedure for lumbar inter-
body fusion, and it is mostly recommended for patients with
unstable unilateral foraminal stenosis. Although TLIF is a
common surgical procedure, it has possible severe compli-
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cations and should not be taken lightly. Cage migration oc-
curs in 1.8% of the patients and among them, anterior cage
migration can cause lead to disastrous consequences'”.
Physicians should always take into account the possibility of
anterior migration and try to preserve the ALL during disc
preparation to reduce the chance of this critical complica-

tion.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was
reported.

REFERENCES

1. Aleixo C, Pereira RS, Sousa H, Seabra P, Marinhas J, Santos FL:
Iliac vein injury after anterior transforaminal lumbar interbody
fusion cage migration. IntJ Res Orthop 7:428-430, 2021

2. Cakmak A, Gyedu A, Kepenekgi I, Ozcan C, Unal AE: Colon per-
foration caused by migration of a bone graft following a poste-
rior lumbosacral interbody fusion operation: case report. Spine
(Phila Pa 1976) 35:E84-E85, 2010

3. Cavenaghi A, Hoffmann E, Labed P, Chiche L, Koskas E, Davaine
JM: Anterior cage migration during spine surgery: An unusual
and severe complication. ] Vasc Surg Venous Lymphat Disord
9:497-498, 2021

4. Cole CD, McCall TD, Schmidt MH, Dailey AT: Comparison of
low back fusion techniques: transforaminal lumbar interbody
fusion (TLIF) or posterior lumbar interbody fusion (PLIF) ap-
proaches. Curr Rev Musculoskelet Med 2:118-126, 2009

5. Garg B, Singla A, Batra S, Kumar S: Early migration of bone graft
causing sigmoid colon perforation after trans-foraminal lumbar
interbody fusion. J Clin Orthop Trauma 8:165-167, 2017

6. Harms J, Rolinger H: A one-stager procedure in operative treat-
ment of spondylolistheses: dorsal traction-reposition and ante-
rior fusion (author's transl). Z Orthop Thre Grenzgeb 120:343-
347,1982

7. Heary RE Mummaneni PV: Editorial: Vascular injury during spi-
nal procedures. ] Neurosurg Spine 24:407-408, 2016

8. Hee HT, Castro FP, Majd ME, Holt RT, Myers L: Anterior/pos-
terior lumbar fusion versus transforaminal lumbar interbody
fusion: analysis of complications and predictive factors. J Spinal
Disord 14:533-540, 2001

9.Jin L, Chen Z, Jiang C, Cao Y, Feng Z, Jiang X: Cage migration

after unilateral instrumented transforaminal lumbar interbody

78 www.thenerve.net

10.

11.

12.

13.

14.

15.

16.

17.

18.

fusion and associated risk factors: a modified measurement
method. J Int Med Res 48:300060519867828, 2020

Kumar M, Kaucha D, Adsul N, Chahal RS, Kalra KL, Acharya S:
Delayed asymptomatic retroperitoneal dislodgement into the
pouch of Douglas of a TLIF cage: A case report and review of the
literature. Surg Neurol Int 12:360, 2021

Murase S, Oshima Y, Takeshita Y, Miyoshi K, Soma K, Kawamura
N, et al.: Anterior cage dislodgement in posterior lumbar inter-
body fusion: a review of 12 patients. ] Neurosurg Spine 27:48-55,
2017

Oh HS, Lee SH, Hong SW: Anterior dislodgement of a fusion
cage after transforaminal lumbar interbody fusion for the treat-
ment of isthmic spondylolisthesis. ] Korean Neurosurg Soc
54:128-131, 2013

Park MK, Kim KT, Bang WS, Cho DC, Sung]JK, Lee YS, et al.: Risk
factors for cage migration and cage retropulsion following trans-
foraminal lumbar interbody fusion. Spine J 19:437-447, 2019
Pawar UM, Kundnani V, Nene A: Major vessel injury with cage
migration: surgical complication in a case of spondylodiscitis.
Spine (Phila Pa 1976) 35:E663-E666, 2010

Proubasta IR, Vallvé EQ, Aguilar LE Villanueva CL, Iglesias JJ:
Intraoperative antepulsion of a fusion cage in posterior lumbar
interbody fusion: a case report and review of the literature. Spine
(Phila Pa 1976) 27:E399-E402, 2002

Rosenberg WS, Mummaneni PV: Transforaminal lumbar inter-
body fusion: technique, complications, and early results. Neuro-
surgery 48:569-575, 2001

Smith AJ, Arginteanu M, Moore F, Steinberger A, Camins M:
Increased incidence of cage migration and nonunion in instru-
mented transforaminal lumbar interbody fusion with bioab-
sorbable cages. ] Neurosurg Spine 13:388-393, 2010

Tormenti MJ, Maserati MB, Bonfield CM, Gerszten PC, Moossy
JJ, Kanter AS, et al.: Perioperative surgical complications of
transforaminal lumbar interbody fusion: a single-center experi-

ence. ] Neurosurg Spine 16:44-50, 2012

19. Xu Z, Zheng Y: Anterior dislocation of fusion cage after minimal

invasive transforaminal lumbar interbody fusion (MI-TLIF): A
case report. Biomed Res (Aligarh) 28:7834-7836, 2017

20. Yoshimoto H, Sato S, Nakagawa I, Hyakumachi T, Yanagibashi Y,

21.

Nitta E et al.: Deep vein thrombosis due to migrated graft bone
after posterior lumbosacral interbody fusion. Case report. ] Neu-
rosurg Spine 6:47-51, 2007

Zhao FD, Yang W, Shan Z, Wang J, Chen HX, Hong ZH, et al.:
Cage migration after transforaminal lumbar interbody fusion
and factors related to it. Orthop Surg 4:227-232, 2012


https://doi.org/10.18203/issn.2455-4510.intjresorthop20210644
https://doi.org/10.18203/issn.2455-4510.intjresorthop20210644
https://doi.org/10.18203/issn.2455-4510.intjresorthop20210644
https://doi.org/10.1097/brs.0b013e3181bb1bf2
https://doi.org/10.1097/brs.0b013e3181bb1bf2
https://doi.org/10.1097/brs.0b013e3181bb1bf2
https://doi.org/10.1097/brs.0b013e3181bb1bf2
https://doi.org/10.1016/j.jvsv.2020.04.018
https://doi.org/10.1016/j.jvsv.2020.04.018
https://doi.org/10.1016/j.jvsv.2020.04.018
https://doi.org/10.1016/j.jvsv.2020.04.018
https://doi.org/10.1007/s12178-009-9053-8
https://doi.org/10.1007/s12178-009-9053-8
https://doi.org/10.1007/s12178-009-9053-8
https://doi.org/10.1007/s12178-009-9053-8
https://doi.org/10.1016/j.jcot.2016.12.008
https://doi.org/10.1016/j.jcot.2016.12.008
https://doi.org/10.1016/j.jcot.2016.12.008
https://doi.org/10.1055/s-2008-1051624
https://doi.org/10.1055/s-2008-1051624
https://doi.org/10.1055/s-2008-1051624
https://doi.org/10.1055/s-2008-1051624
https://doi.org/10.3171/2015.7.spine15688
https://doi.org/10.3171/2015.7.spine15688
https://doi.org/10.1097/00002517-200112000-00013
https://doi.org/10.1097/00002517-200112000-00013
https://doi.org/10.1097/00002517-200112000-00013
https://doi.org/10.1097/00002517-200112000-00013
https://doi.org/10.1177/0300060519867828
https://doi.org/10.1177/0300060519867828
https://doi.org/10.1177/0300060519867828
https://doi.org/10.1177/0300060519867828
https://doi.org/10.25259/sni_418_2021
https://doi.org/10.25259/sni_418_2021
https://doi.org/10.25259/sni_418_2021
https://doi.org/10.25259/sni_418_2021
https://doi.org/10.3171/2016.12.spine16429
https://doi.org/10.3171/2016.12.spine16429
https://doi.org/10.3171/2016.12.spine16429
https://doi.org/10.3171/2016.12.spine16429
https://doi.org/10.3340/jkns.2013.54.2.128
https://doi.org/10.3340/jkns.2013.54.2.128
https://doi.org/10.3340/jkns.2013.54.2.128
https://doi.org/10.3340/jkns.2013.54.2.128
https://doi.org/10.1016/j.spinee.2018.08.007
https://doi.org/10.1016/j.spinee.2018.08.007
https://doi.org/10.1016/j.spinee.2018.08.007
https://doi.org/10.1097/brs.0b013e3181d5fee3
https://doi.org/10.1097/brs.0b013e3181d5fee3
https://doi.org/10.1097/brs.0b013e3181d5fee3
https://doi.org/10.1097/00007632-200209010-00029
https://doi.org/10.1097/00007632-200209010-00029
https://doi.org/10.1097/00007632-200209010-00029
https://doi.org/10.1097/00007632-200209010-00029
https://doi.org/10.1097/00006123-200103000-00022
https://doi.org/10.1097/00006123-200103000-00022
https://doi.org/10.1097/00006123-200103000-00022
https://doi.org/10.3171/2010.3.spine09587
https://doi.org/10.3171/2010.3.spine09587
https://doi.org/10.3171/2010.3.spine09587
https://doi.org/10.3171/2010.3.spine09587
https://doi.org/10.3171/2011.9.spine11373
https://doi.org/10.3171/2011.9.spine11373
https://doi.org/10.3171/2011.9.spine11373
https://doi.org/10.3171/2011.9.spine11373
https://doi.org/10.3171/spi.2007.6.1.47
https://doi.org/10.3171/spi.2007.6.1.47
https://doi.org/10.3171/spi.2007.6.1.47
https://doi.org/10.3171/spi.2007.6.1.47
https://doi.org/10.1111/os.12004
https://doi.org/10.1111/os.12004
https://doi.org/10.1111/os.12004

Case Report

The Nerve 2023:9(1):79-84
https://doi.org/10.21129/nerve.2023.00269
elSSN 2465-891X

Multiple Spinal Metastases of Anaplastic Meningioma: A Case

Report

Jong Hyeok Lee', Soon Ki Sung'*?, Bu Kwang Oh', Jun Seok Lee'*?, Chi Hyung Lee', Chung Su Hwang’, Sang Weon Lee'*?,

1,23

Geun Sung Song

'Department of Neurosurgery, Pusan National University Yangsan Hospital, Pusan National University School of Medicine, Yangsan, Republic of Korea
2Department of Neurosurgery, School of Medicine, Pusan National University, Yangsan, Republic of Korea
*Research Institute for Convergence of Biomedical Science and Technology, Pusan National University Yangsan Hospital, Pusan National University School of

Medicine, Yangsan, Republic of Korea

“Department of Pathology, Pusan National University Yangsan Hospital, Pusan National University School of Medicine, Yangsan, Republic of Korea

Received: January 27, 2023
Revised: April 7, 2023
Accepted: April 20, 2023

Corresponding author:

Soon Ki Sung

Department of Neurosurgery, Pusan
National University Yangsan Hospital,
Pusan National University School of
Medicine, 20, Geumo-ro, Mulgeum-eup,
Yangsan 50612, Republic of Korea

Tel: +82-55-360-2126

Fax: +82-55-360-2156

E-mail: nscastle@naver.com

INTRODUCTION

Meningiomas are primary benign tumors that occur in intracranial and intraspinal regions.
Rarely, atypical and anaplastic meningiomas exhibit malignant tendencies and can metasta-
size. A 56-year-old female patient visited the hospital complaining of a dull headache, mild
dysarthria, sudden onset of blurred vision, and mild weakness in the left upper limbs. A homo-
geneously augmented mass was revealed in the right temporal lobe following magnetic reso-
nance imaging (MRI) and was determined to be an anaplastic meningioma after surgical re-
section. During follow-up, revision surgery was performed due to the recurrence of the primary
tumor. After the revision surgery, the patient complained of new symptoms, which included
paresthesia and muscle weakness in the right lower extremity. MRI revealed a mass in the cer-
vical and lumbar vertebrae suspected to have been metastasized. Another revision surgery was
conducted on the intracranial primary tumor. The tumor was resected from the cervical and
lumbar vertebrae. Histopathology revealed that they were all anaplastic meningiomas. Al-
though anaplastic meningioma is rare, it can cause extracranial metastases. This case shows
that multiple spinal metastases of anaplastic meningioma require considerable attention in
diagnosis and treatment.

Keywords: Meninges; Meningioma; Neoplasm metastasis; Neoplasms

[WHO] grade II) and anaplastic (WHO grade III) types”,
which account for less than 5% of all meningiomas”. In par-

Meningiomas are primary benign tumors that occur in the
intracranial and intraspinal regions. Although most menin-
giomas are benign, in rare cases, they could be malignant
with aggressive metastases'”. The types of meningiomas that
can metastasize are the atypical (World Health Organization

© 2023 The Korean Society of Peripheral Nervous System

ticular, extracranial metastasis is rarer, with an estimated
incidence of 1 to 5 cases per 1000, and spinal metastasis has
been reported only in a few studies"”. We present a unique
case of a patient diagnosed with anaplastic meningioma in
2011 with spinal metastasis, confirmed during examination

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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for the second revision surgery due to the recurrence of the
primary tumor.

CASE REPORT

A 56-year-old female patient at the time of diagnosis in Jan-
uary 2011 suffered from dull headaches, mild dysarthria,
and sudden-onset blurred vision. On examination, she was
lethargic with mild weakness (Medical Research Council
[MRC] scale 4) in the left upper limbs. Contrast-enhanced
computed tomography (CT) revealed a mass with peripher-
al vasogenic edema and a dense area in the right temporal
lobe (Fig. 1A). Magnetic resonance imaging (MRI) showed a
homogeneously enhanced mass (approximately 5.5 x 2.8 x
3.6-cm in size) (Fig. 1B). In June 2011, the patient underwent
right craniotomy and gross total resection. After the first
surgery, there was no improvement in left motor weakness,
but consciousness and speech were restored. Histological
examination revealed anaplastic meningioma (WHO grade
III). Gamma knife radiosurgery was performed 4 times at
post-operative 2-, 4-, and 6-years to remove the remnant
tumors after the initial surgery. Subsequently, an increase in
the size of the remnant tumor in the primary site was con-
firmed in a follow-up MRI 7 years post-operatively (Fig. 2).
A revision surgery was conducted, and the patient received
radiotherapy of 60 Gy over 6 weeks.

Spinal metastasis of the primary tumor was confirmed

when the second revision surgery was to be performed.
During the outpatient follow-up after the second revision
surgery and radiotherapy, the patient complained of radiat-
ing back pain and weakness in the upper and lower extrem-

ities (MRC scale 3) which were absent before. A recurrence

Fig. 2. Eight years after the initial surgery, brain magnetic reso-
nance images revealed an increase in the size of the remnant tu-
mor in frontal lobe.

Fig. 1. Preoperative image. (A) Contrast-enhanced computed tomography shows a mass in the right temporal lobe with peripheral va-
sogenic edema. (B) Gadolinium-enhanced T1-weighted magnetic resonance images show a strong, homogenous large mass in the right

temporal lobe.
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of the lesion was suspected, and MRI was performed. A
mass, mimicking an en-plaque meningioma with an irregu-
lar margin (3.3 x 2.0 x 1.2-cm), and perilesional edema were
confirmed (Fig. 3). The peculiarity here is that, unlike before,
the patient rarely complained of headaches. There was back
pain, and the weakness in the upper and lower extremities
worsened and was accompanied by leg numbness, predom-
inantly on the right. After a physical examination of the pa-
tient, a contrast-enhanced spinal MRI was utilized to eval-
uate the presence of metastasis to the spine. Although with
some degree of expectation, an MRI of the spine revealed a
lesion that appeared to be a contrast-enhancing metastatic
tumor. Two contrast-enhancing lesions were identified, two
intradural extramedullary tumors at the C2-3 level approx-
imately 2.0 cm in size (Fig. 4A, B), and at the L4-5 level ap-
proximately 3.6 cm in size (Fig. 4C, D). Including radiating
back pain, and weakness in the right upper, lower limbs and
left lower limbs that were not previously present had been
assumed to be related to spinal metastasis. We performed
three surgeries on the patient. First, we decided to operate
on the recurring tumor in the brain. For the spinal tumors,
we planned to operate on the lumbar region first, followed

Fig. 3. Magnetic resonance images shows a new appearance of
homogenous enhancing extra-axial and en-plaque type mass at
the right parasagittal area.

by the cervical region. Craniotomy was achieved using a
previous incision. Gross total resection was performed, and
this included the lateral walls of the superior sagittal sinus
and falx, which were invaded by the tumor. In the lumbar
region, subtotal laminectomy was conducted for the L3
lamina, and the tumor was removed by total laminectomy
for the L4 lamina. Facetectomy was conducted to ensure
complete tumor resection because it was difficult to remove
the tumor while preserving the right facet. To prevent spinal
instability, pedicle screw fixation and posterolateral fusion
were performed on the L4 and L5 lamina. The tumor in the
cervical area was removed by total laminectomy of the C2
lamina; however, the tumor in the left neural foramen area
surrounded the vertebral artery and could not be complete-
ly removed. Biopsies and immunohistochemical staining
were performed during each of the surgeries. Brain tumors
showed the proliferation of atypical cells with positivity for
epithelial membrane antigen, confirming the diagnosis of
meningioma. The tumor was classified as an anaplastic me-
ningioma (WHO grade III) because the tumor cells had nu-
clear atypia, indicating malignancy. The tumor also showed
extensive necrosis, high mitotic activity (19 mitoses/10
high-power fields [HPFs]), and a high Ki-67 proliferation
index (approximately 30%). Although tumors in the lumbar
and cervical lesions had low mitotic activity (2 mitoses/10
HPFs versus 1 mitoses/10 HPFs), both tumors also showed
the same nuclear atypia as tumors in the brain and were
diagnosed as anaplastic meningioma. Necrosis and a high
Ki-67 proliferation index were also identified in the cervical
and lumbar tumors. Glial fibrillary acidic protein (GFAP)
and S-100 proteins were absent in all three tumors (Fig. 5).
The patient provided informed consent and this case report
was approved by the Institutional Review Board (IRB) of Pu-
san National University Yang-san Hospital (IRB No. 2023-10-
020).

DISCUSSION

Meningioma originates from the intracranial meninges,
consists of meningeal epithelial cells, and is one of the most
common tumors that affect the central nervous system".
Although meningiomas are often benign, their clinical char-
acteristics are variable. In certain histologically distinct sub-
sets, they may recur after complete resection'”. Malignancy

and extracranial metastasis are rare in meningioma"”.
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Fig. 4. Magnetic resonance images shows a homogeneously enhanced mass with suspected metastasis in the left extradural space at the
C2-3 level and the right extradural space at the L3-4 level. T1-weighted axial and sagittal images with gadolinium enhancement. (A, B)

Cervical lesion. (C, D) Lumbar lesion.

According to WHO criteria, meningiomas are histopatho-
logically subdivided into three grades” (Table 1). A high
probability of grade II and III extracranial metastasis has
been reported in the literature™'®. The most frequent sites of
metastasis for malignant meningioma are the lungs (60%),
abdomen and liver (34%), cervical lymph nodes (18%), iliac,
pelvic, and cranial cavity (11%), pleural (9%), central ner-
vous system (7%), and mediastinum (5%), Only 7% occur
in the vertebrae”. Cases of spinal metastases are rare. A few
cases of spinal metastases have been published to date'*'""?.
Immunohistochemical analysis of Ki-67 proliferation index
or CDKN2A deletion, associated with 9p21 deletion, is also
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useful in assessing meningioma recurrence and/or metasta-
sis'”.

Surgical resection may also increase the risk of iatrogenic
metastasis of meningiomas with atypical histology, which
is believed to be the case in this patient. The primary tumor
was located around the Sylvian fissure, and it is presumed
that the Sylvian fissure was exposed during the initial and
revision surgeries. This iatrogenic cause created a passage
between the tumor and the subarachnoid space, which
eventually provided an opportunity for the tumor to spread
freely along the pathway of cerebrospinal fluid"'". In ad-
dition, the primary tumor was an anaplastic meningioma,
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Fig. 5. Pathologic findings of the tumor. (A) Brain tumor has highly cellular, large cells exhibiting prominent and overlapping nucleoli.
(hematoxylin and eosin [H&E], x200 magnification). (B) Immunohistochemical stain showing focal positivity for epithelial membrane an-
tigen (EMA) and (C) Ki-67 index about 30% in brain tumor (x100 magnification). (D) Tumor cells in the lumbar lesion show necrosis and
moderate nuclear atypia (H&E, x200 magnification). (E) Inmunohistochemical stain showing focal positivity for EMA and (F) Ki-67 index
about 30% in the lumbar lesion (x100 magnification). (G) Tumor cells in the cervical lesion show moderate nuclear atypia, although the
area of necrosis was not definite (H&E, x200 magnification). (H) Inmunohistochemical stain showing focal positivity for EMA and (1) Ki-
67 index about 30% in the lumbar lesion (x100 magnification).

Table 1. The World Health Organization classification of meningiomas
Grading Definition
Grade | - Mitotic count of less than 4 mitoses per 10 HPF

- Absence of brain invasion

- 9 histological subtypes: meningothelial, fibrous, transitional, psammomatous, microcystic, angiomatous, secretory, lymph-
oplasmacyte-rich, metaplastic

Grade Il (atypical) - Mitotic count of 4 to 19 mitoses per 10 HPF
- Presence of brain invasion
- 3 of 5 specific histological features: spontaneous necrosis, sheeting, prominent nucleoli, high cellularity and small cells
- 3 histological subtypes: atypical, clear cells, chordoid
Grade Il (anaplastic) - Mitotic count of 20 or more mitoses per 10 HPF
- Specific histologies: rhabdoid or papillary meningioma

HPF: high-power field.
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and its multiple recurrences and short interval suggest that
extracranial metastasis may have occurred”'”. Therefore,
based on experience in our case, although the incidence of
intracranial anaplastic meningioma is low, spinal metasta-
ses can occur even with small tumors.

Currently, there are no consensus guidelines for the treat-
ment of metastatic meningioma‘”. The treatment methods
for spinal metastases include medical therapy, surgery, and
radiation therapy. Based on the extension of life expectancy
of patients with tumors due to the development of modern
medicine and experience in our case, it is thought that surgi-
cal intervention is necessary when pain control, nerve func-
tion recovery, and spinal stabilization are to be achieved.

CONCLUSION

Although uncommon, metastasis of primary malignant
meningioma should always be included in the differential
diagnosis once there is evidence of pathology and immuno-
histochemical analysis suggesting metastasis. In addition, if
a patient is diagnosed with malignant meningioma, evalua-
tion for spinal metastases is necessary.
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INTRODUCTION

Neurogenic thoracic outlet syndrome (NTOS) is a complex disorder characterized by compres-
sion of the brachial plexus, resulting in pain, weakness, and sensory changes in the upper ex-
tremity. Traditional surgical treatments, such as first rib resection or anterior scalene muscle
resection, can be invasive and associated with significant morbidity. We present a unique case
of a patient diagnosed with NTOS who underwent a preoperative magnetic resonance imaging
with the shoulder in an abduction position to identify the cause of NTOS. A minimally invasive
subclavius muscle resection was subsequently performed, resulting in a dramatic reduction in
pain and significant improvement in motor symptoms. This less invasive approach led to a
quicker recovery time and reduced morbidity compared to traditional surgical methods. This
case report suggests that before surgery, thoroughly investigating the causes of NTOS and se-
lectively performing decompression only on the structures requiring intervention could also be
considered a viable treatment option.

Keywords: Brachial plexus; Clavicle; Hypertrophy; Thoracic outlet syndrome

CASE REPORT

Neurogenic thoracic outlet syndrome (NTOS) is a recog-
nized condition resulting from insufficient space surround-
ing the brachial plexus. Multiple anatomical structures may
compress the brachial plexus; recent findings indicate that
subclavius muscle compression during shoulder abduction
may also contribute. Specifically, subclavius muscle hyper-
trophy in overhead athletes may lead to neuronal structure
compression. We present a case in which successful treat-
ment of NTOS was achieved through addressing subclavius
muscle hypertrophy.

© 2023 The Korean Society of Peripheral Nervous System

A 41-year-old male visited the hospital with functional dis-
orders, including pain, numbness, abnormal sensation,
and right shoulder weakness. The pain and numbness were
primarily located around the shoulder not along with any
sensory dermatome, with the main symptom being a pain
in shoulder abduction and flexion position. The patient
mentioned that the symptoms listed above had been grad-
ually worsening for the past three months. He experienced
sudden right shoulder pain and tingling sensation, leading
to multiple hospital visits. Persistent symptoms brought

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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him to our hospital. The patient had no relevant medical
history and had been working as a heavy goods delivery
worker for 10 years. Initial physical examination showed
no right shoulder muscle atrophy or skin abnormalities,
such as rashes or discoloration. Neurological examination
revealed muscle strength was reduced to grade IV in right
shoulder flexion and abduction, and there was end-range
pain during passive range of motion, but a whole range was
achievable. Furthermore, there was no motor weakness or
sensory changes at the distal finger and wrist level, and the
scapular area appeared normal, with no abnormal findings
such as winged scapula observed., with severe pain (visual
analogue scale [VAS] score 8) and radiating pain in the right
upper extremity during shoulder flexion and abduction. A
cervical spine magnetic resonance imaging (MRI) showed
no abnormalities causing radiculopathy or myelopathy.
X-ray and computed tomgoraphy imaging of the cervi-
cothoracic spine and chest confirmed no clavicle or first
rib deformities. Contrast-enhanced MRI was performed to
explore the brachial plexus area, generating axial, coronal,
and sagittal images and comparing anatomical neutral po-
sition and right shoulder abduction to verify potential bra-
chial plexus compression.

MRI results revealed no contact between the brachial
plexus and subclavius muscle in the anatomical neutral
position (Fig. 1). However, a high-intensity signal was iden-
tified in the image taken at the right shoulder abduction
position, indicating reduced fat tissue density around the
nerve due to subclavius muscle compression. Additional-

ly, reduced right subclavian artery diameter and collapsed
right subclavian vein were observed (Fig. 2).

After symptom onset, conservative treatment was admin-
istered for six weeks, followed by an electrophysiological ex-
amination, revealing right brachial plexopathy at the medial
cord or lower trunk level and partial axonal injury. Despite
treatment, the patient continued experiencing shoulder
weakness (grade IV), severe radiating pain, and numbness.
Surgery was scheduled two months after symptom onset.

Under general anesthesia, the patient was placed in a
supine position, and a paraclavicular approach was chosen
with a 10 cm horizontal skin incision around the clavicle
to decompress the brachial plexus in the subclavian area.
A hypertrophic subclavius muscle was identified below
the clavicle, along with structures like the artery, vein, and
compressed brachial plexus. Fine dissection and careful
coagulation were performed to expose both the origin and
insertion site of the subclavius muscle using Metzenbaum
scissors and a bipolar coagulator (Fig. 3). It was confirmed
that there was no damage to the surrounding artery, vein, or
nerve. The origin and insertion site of the subclavius mus-
cle were clearly identified, and the final resection was done
using a monopolar coagulator for cutting and coagulation.
Upon examination with a microscope during surgery, it was
confirmed that the compressed brachial plexus nerve was
expanded and decompressed. The subclavius muscle was
completely resected, and the subclavicular area became
abundant. The space was large enough for finger explora-
tion, and it was possible to confirm the expansion of the pre-

Fig. 1. Magnetic resonance imaging in neutral position. Rt.: right.
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Fig. 2. Magnetic resonance imaging in shoulder abduction posi-
tion.
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Fig. 3. Intraoperative photo.

viously compressed brachial plexus (Fig. 4). No abnormali-
ties were found in other structures compressing the brachial
plexus. First rib resection and anterior scalene muscle (ASM)
release were not performed.

Post-surgery, the patient wore a shoulder brace, and a
follow-up MRI was conducted one week later to confirm
changes. Compared to preoperative MRI, perineural fat
obliteration around the brachial plexus was recovered, and
subclavian artery diameter reduction and subclavian vein
collapse improved (Fig. 5). The patient was discharged
two weeks after surgery, reporting significant numbness
improvement. Three months after surgery, physical exam-
ination showed dramatic right shoulder muscle strength
improvement (grade V) and no severe pain during shoulder
abduction (VAS 1). Follow-up electrophysiological examina-
tion confirmed the disappearance of upper extremity mus-
cle degeneration potential.

DISCUSSION

Thoracic outlet syndrome (TOS) was initially described in
1927 by Adson and Coffey”, who coined the term ‘scale-
nus anticus syndrome’ and suggested that symptoms were
caused by the compression of the subclavian artery by the
ASM. TOS is currently defined as the compression of the
brachial plexus, subclavian artery or vein, or the invasion
of the brachial plexus in three distinct areas: the scalene
triangle, costoclavicular space, and subcoracoid (pectoralis
minor) space”'”. Additionally, a report has documented

15)

non-specific TOS types also ™.

~ Brachial plexus

Fig. 4. Intraoperative photo. After resection of subclavius muscle.
Upon resection of the subclavius muscle, the space beneath the
clavicle became more spacious and was large enough to explore
with a finger. We confirmed that the previously compressed bra-
chial plexus was decompressed and had expanded.

Fig. 5. Follow up magnetic resonance imaging in shoulder abduc-
tion position after 1 week from operation.

Neurogenic TOS is differentiated from vascular TOS based

on clinical presentations and symptoms'”

. Neurogenic TOS
was characterized by pain, weakness, and paresthesia of the
upper extremity, while vascular TOS was primarily charac-
terized by symptoms of arterial or venous insufficiency such
as coldness, cyanosis, and edema. In addition, vascular TOS
patients tended to have a history of trauma, while neuro-
genic TOS patients were more likely to have repetitive strain
injuries or other occupational factors.

Recently, standardized clinical diagnostic criteria for
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neurogenic thoracic outlet syndrome have been published,

19 Two

leading to increased awareness of this condition
large-scale studies demonstrated that over 90% of NTOS
cases result from neural compression on the brachial plexus
at the C5 to T1 levels”'”. First rib resection following stan-
dard surgical procedures has an approximate success rate of
90%"'".

The electrophysiological study results showed axonal
injury of the lower trunk or medial cord, which may not fit
well with the case patient's symptoms of decreased shoulder
strength. However, the dynamic MRI results demonstrated
brachial plexus compression due to subclavius muscle hy-
pertrophy, causing symptoms limited to the right shoulder.
We believe the decrease in shoulder motor strength is due
to NTOS, as supported by the MRI findings. Additionally, it
is believed that the finding that appeared preoperatively on
the electrophysiological study and then disappeared was a
secondary finding caused by the hypertrophied subclavius
muscle mechanically irritating the nerve. We believe that the
hypertrophy of the subclavius muscle exacerbates the com-
pression and irritation of a portion of the brachial plexus in
the narrow costoclavicular area during shoulder abduction
or flexion. This is thought to have caused severe numbness
and pain, which then led to a secondary reduction in muscle
strength.

When selecting surgical procedures for NTOS, trans-ax-
illary, superior clavicular, or supraclavicular approaches
combined with infraclavicular approaches are typically con-
sidered. Before surgery, a thorough review of these three op-
tions is necessary. Distinguishing between NTOS and vascu-
lar TOS is also necessary too. A comprehensive assessment
of the brachial plexus's surrounding structures and their
compression degree should precede the surgical approach
determination. In some instances, wide resection, including
the first rib, may be required.

On the other hand, there have been several reports that
the subclavius posticus muscle can contribute to thoracic
outlet syndrome™*""'*', The connection between subclavi-
us muscle hypertrophy and TOS has been investigated in
multiple cadaveric studies™". The subclavius muscle's ori-
gin is the first rib and its costal cartilage, while its insertion is
the subclavian groove. The muscle is known to cause clavic-
ular depression and first rib elevation. One study reported
that adding subclavius muscle resection to NTOS palliative
treatment could improve results'”. Another study suggested
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that botulinum toxin injections into the subclavius muscle
could serve as a potential TOS treatment option”.
Diagnostic technology advancements have enabled more
detailed radiological evaluations of anatomical structures
compressing the brachial plexus. In this case, preoperative
MRI revealed brachial plexus compression due to subclavius
muscle hypertrophy, causing symptoms limited to the right
shoulder. Based on this finding, we planned right subclavius
muscle decompression only, yielding a favorable outcome.

CONCLUSION

Through meticulous preoperative imaging studies and com-
prehensive evaluations of NTOS patients, functional recov-
ery may be achieved with a minimal surgical approach in
some cases.
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General Information

1. The Nerve is the official journal of the Korean Society of
Peripheral Nervous System, and electrically published
twice a year (30" April, 31* October). This Journal publish-
es important issues covering all aspects of the peripheral
and central nervous systems. Laboratorial investigations,
original research articles, studies on valuable cases, tech-
nical notes of special surgical tactics or editorials in the
field of neurosurgery, neurology and neuroscience are
acceptable. All submitted manuscripts are peer-reviewed
and review articles can only be published upon specific
request of the editorial board. Authors can publish special
drafts with the approval from the editorial board. Case re-
ports should be brief, and avoid an extensive review of the
literature.

2. It should be assured that authors must not simultane-
ously submit an identical or similar paper for publication
elsewhere. Multiple publication is acceptable only in the
case of meeting the criteria of Uniform Requirements
for Manuscripts Submitted to Biomedical Journals (Ann
Intern Med 108: 258-265, 1988). Manuscripts must be
prepared in accordance with Uniform requirements for
Manuscripts submitted to Biomedical Journal developed
by International Committee of Medical Journal Editors
(February 2006).

3. Clinical and laboratory research should be approved by
the Institutional Review Board (IRB) or research board of
the affiliated institution. Editorial board may request the
approved number of IRB.

Language

1. All manuscripts must be written in English. Authors
should minimize the use of English abbreviations. When
abbreviations are used, full expression of the abbreviation
following abbreviated word in parentheses should be giv-
en at first use. When spelling out loanwords, it should fol-
low loanword orthography (Notification No. 85-11 of the
Ministry of Education), and when spelled out into foreign
words, should conform to the Romanization rule (Notifi-
cation on Jul 7, 2000). Terms should be noted in English
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when used in tables, figures, or illustrations.
2. All units should be given in metric system (The Interna-
tional System of Units: ST units).

Submission and Revision of Manuscript

1. All papers must be submitted by corresponding author
and then review process will be also achieved with corre-
sponding author. Authors are requested to submit their
paper via our online submission system. Authors should
upload their articles in Microsoft (MS) Word (2007 or
higher version). Authors, reviewers, and editors send and
receive all correspondence by e-mail and no paper corre-
spondence is necessary.

2. Authors should upload the copyright release/author
agreement form, authors check list and disclosure of con-
flict of interest form (http://thenerve.net) via our submis-
sion system.

3. Author information - The list of the authors in the man-
uscript should include only those who were directly in-
volved in the process of the work. Authors can refer to the
guideline by Harvard University in 1999 to find details on
authorship. (http://www.hms.harvard.edu/integrity/au-
thorship.html)

4. The manuscript should be composed of approximately
6,000 English words (not to exceed 10 pages of the journal)
for clinical and laboratory studies, 3,000 English words for
case reports and technical notes (not to exceed 5pages of
the journal). It should be composed of 600 English words
for letters to the editor. Manuscript should be typed in A4
size white paper with double spaced (200%), and font size
of 11 point with margins of 3 cm on each side.

5. The editorial board will decide on the approval for publi-
cation of the submitted manuscripts, and can request any
further corrections, revisions, and deletions to the article
text if necessary.

6. All fees regarding the review, publishing and re-printing of
the manuscript will be determined by the editorial board
and should be deposited as stated.

7. For a better English copyediting, proofreading from pro-
fessional editing company is recommended. Reviewers
can require professional editing if the language or context
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of the study is poor.

Copyright and Creative Commons Attribution
License

Copyrights of all published materials are owned by the Ko-
rean Society of Peripheral Nervous system and must not be
published elsewhere without written permission. The Nerve
also follow the Creative Commons Attribution Non-Commer-
cial License of CC BY-NC 4.0 (Creative Commons — Attribu-
tion-NonCommercial 4.0 International — CC BY-NC 4.0)

Publication Processing Fees

Starting from January 2023, all authors will be charged a
submission fee of 100,000 KRW. The authors will have to
wire transfer this amount to the bank account below. If re-

ceipts are necessary please contact the editorial office and
the necessary document will be sent via e-mail.

Wire transfer bank account:
1002-963-899952, Woori Bank, Young Jin Kim
SWIFT CODE: HVBKKRSEXXX

“The Nerve” has regulations for publication fee waivers.
Publication fees can be waivered if the author is from a
developing country or from low-income economy or if the
author can prove that he/she is under demonstrable needs.
Please send an e-mail to the editor for the possibility of a
waiver. After a thorough evaluation via a consultation with
the editorial board the final decision will be made. Results
will be sent by mail before the 1* review.

Manuscript Preparation

1. Title page
The title page should be composed of external and internal
title pages.

The external title page should contain the article title, and
full names of all authors with their institutional affiliations
in English. The type of manuscript (Clinical research, Lab-
oratory study, Case report, Technical note, Review article)
should be also addressed. When the work includes multiple
authors with different affiliations, the institution where the
research was mainly conducted should be spelled out first,
then be followed by foot notes in superscript Arabic numer-

als beside the authors’ names to describe their affiliation in
a consecutive order of the numbers. Running head must be
included consisting of no more than 65 characters/spaces.
The external title page should also contain the address, tele-
phone and facsimile numbers, and e-mail address of the
corresponding author at the bottom of the page, as well as
information on the previous presentation of the manuscript
in conferences and funding resources, if necessary. The ex-
ternal title page should be a separate file.

The internal title page should only contain the article title
in English. The internal title page must not contain any in-
formation on the names and affiliations of the authors.

2. Manuscript format

The article should be organized in the order of title, abstract,
introduction, materials and methods, results, discussion,
conclusions, references, tables, and figures or illustrations.
Case reports should consist of an Abstract, Keywords, In-
troduction, Case description, Discussion, Conclusion and
References. Also, case reports should have fewer than nine
authors. Manuscript format may vary in review articles and
special drafts.

3. Abstract

All manuscripts must contain an abstract. Objective, Meth-
ods, Results, and Conclusion sections should be included
in clinical or laboratory research, but are not necessary in
other types of studies such as case reports. The abstract
should include brief descriptions on the objective, methods,
results, and conclusion as well as a detailed description
of the data. An abstract containing 400 words or less is re-
quired for original articles and review articles and 250 words
for case reports and technical notes. A list of key words, with
a maximum of six items, should be included at the end of
the abstract. The selection of Key Words should be based on
Medical Subject Heading (MeSH) of Index Medicus and the
Web site (http://www.nlm.nih.gov/mesh/MBrowser.html).

4. Introduction

The introduction should address the purpose of the article
concisely, and include background reports mainly relevant
to the purpose of the paper. Detailed review of the literature
should be addressed in the discussion section.

5. Materials and Methods
The article should record research plans, objective, and
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methods in order, as well as the data analysis strategies and
control of bias in the study. Enough details should be fur-
nished for the reader to understand the method(s) without
reference to another work in the study described.

When reporting experiments with human subjects, the
authors should indicate whether they received an approval
from the Institutional Review Board for the study. When
reporting experiments with animal subjects, the authors
should indicate whether the handling of the animals was
supervised by the research board of the affiliated institution
or a similar one. Photographs disclosing patients must be
accompanied by a signed release form from the patient or
family permitting publication.

We endorse the principles embodied in the Declaration of
Helsinki and expect that all investigations involving human
materials have been performed in accordance with these
principles. For animal experiment, “the Guiding Principles
in the Care and Use of Animals” approved by the American
Physiological Society have to be observed. Explanation of the
experimental methods should be concise and sufficient for
repetition by other qualified investigators. Procedures that
have been published previously should not be described
in detail. However, new or significant modifications of pre-
viously published procedures need full descriptions. The
sources of special chemicals or preparations should be given
along with their location (name of company, city and state,
and country). Method of statistical analyses and criteria of
significance level should be described. In Case Reports, case
history or case description replace the Materials and Meth-
ods section as well as Results section. Please inform us the
approved number of IRB when you submit the manuscript.

6. Results

The authors should describe logically their results of obser-
vations and analyses performed using methodology given in
the previous section and provide actual data. For biometric
measurements in which considerable amount of stochas-
tic variation exists a statistical treatment should be used in
principle. The result section should include sorely the find-
ings of the current study, and not refer to previous reports.
While an effort should be made to avoid overlapping de-
scriptions by Tables and by main text, important trends and
points in the Table should be described in the text.

7. Discussion
Discussion should contain contents regarding the findings of
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the research and interpretations in relation to other studies.
It is necessary to emphasize the new and critical findings of
the study and not to repeat the results of the study presented
in the previous sections. The meaning and limitation of ob-
served facts should be described, and the conclusion should
be related to the objective of the study only when it is sup-
ported by the results of the research. It is encouraged for the
authors to use subheadings in the discussion section so that
the readers can follow the logical flow of the authors’ thought.

8. Conclusion

The conclusion section should include a concise statement
of the major findings of the study in accordance with the
study purpose.

9. References

a. Only references cited in text must appear in the reference
list and marked in the form of superscript at the end of the
sentences they were used in text (example: reference'*'*")

b. All references should be alphabetized by the first author’s
last name.

c. The number of references should be 30 or less for a clini-
cal/ laboratorial study and 20 or less for a case report.

d. When a work has six or less authors, cite the names of all
authors. When a work has over six authors, cite the first
six authors’ name followed by “et al” Abbreviations for
journal titles should be congruent with the style of Index
Medicus. A journal title with one word does not need to be
written out in abbreviation. The styles of references are as
follows:

-Journal

Yang HJ, Lee DH, Lee Y], Chi JG, Lee JY, Phi JH, et al.: Sec-
ondary neurulation of human embryos: morphological
changes and the expression of neuronal antigens. Childs
Nerv Syst 30: 73-82, 2014

-Book

Conover WJ: Practical Nonparametric Statistics, ed 2.
New York: Jon Wiley & Sons, 1971, pp216-218

- Chapter in a book

Fischberg GM, Mohammadi A, Suzuki S, Fisher M. Diag-
nosis and management of moyamoya disease. In: Cohen
SN, ed. Management of Ischemic Stroke. New York: Mc-
Graw-Hill; 2000; 291-310

10. Tables, figures, and illustrations
a. Tables and figure legends should be included below the
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references pages at the end of the paper, but figures should
be submitted separately from the text of paper.

b. Table should be simple and should not duplicate infor-
mation in figures. Title all tables and number them with
Arabic numerals in the order of their citation. Type each
table on a separate sheet. Describe all abbreviations. Each
column should have an appropriate heading, and if nu-
merical measurements are given, the unit should be add-
ed to column heading. The significance of results should
be indicated by appropriate statistical analysis. Table
footnotes should be indicated with superscript markings.
When remarks are used to explain items of the table, the
markers should be given in the order of *, 1, #, §, Il . Tables
cannot be submitted in a picture format.

c. Photographs should be submitted individually (Namely,
if Figure 1 is divided into A, B, C and D, do not combine it
into one, but submit each of them separately). Allowable
file format for figures are JPG or TIF(TIFF) only. Figures
should be named according to figure name (example: Fig-
1A.tif). If the quality of the photographs is considered as
inappropriate for printing, re-submission of them can be
requested by the journal. Authors should submit figures
in black and white if they want them to be printed in black
and white. Total file size of all figures should not exceed
5MB for review purpose. If your manuscript is accepted
for publication, editorial office can request you to upload
figure files of highest quality for printing. Line art should
have resolution of 1,200 dpi or more in JPG or TIF format.

d. Cover illustrations: Of their works, authors can submit art to
be considered as a cover illustration along with the article.

11. Letters to the editor or commentary letters
Authors can submit a sound critic or opinion for the specific
article published in the journal, topic of general interest to
neurosurgeons, personal view on a specific scientific issue,
departmental announcements or changes, conference
schedules, or other information of the clinical fields.

12. Review articles

The authors and topics for review articles will be selected by
the editorial board. Review articles should also undergo the
review process.

13. Special articles
Special articles are devoted to providing updated reports by
specialists in various fields or significant issues (e.g. history

of the field) for the members of the society. The authors and
topics of special drafts will be assigned and specially re-
quested by the editorial board.

Publication and Reprints

a. Once a manuscript is accepted for publication by the
journal, it will be sent to the press, and page proofs will be
sent to authors. Authors must respond to the page proofs
as soon as possible after making necessary corrections of
misspellings, and the location of the photographs, figures
or tables. Authors can make corrections for only typing er-
rors, and are not allowed to make any author alteration or
substantive changes of the text. Proofs must be returned to
the press within 72 hours of receipt. No response from the
authors within this time frame will lead the publication of
the proof read without corrections, and the editorial board
is not responsible for any mistakes or errors occurring in
this process.

b. We currently have on-line publication policy, and there
will be publication fee when accepted for publication. A
reprint form of PDF files is provided to authors.

Author Checklist

a. Before submitting the manuscript, authors should dou-
ble-check all requirements noted in the agreement form
regarding the registration and copyrights of their manu-
script. A manuscript that does not fit the author instruc-
tions of the journal regarding format and references will
be returned to the authors for further correction.

b. The page numbers in the manuscript should be counted
from the page with the abstract, and the name and affilia-
tion of the authors should not appear thereafter.

c. Author check list should be prepared, signed by corre-
sponding author, submitted with manuscripts. Relevant
forms can be downloaded at the journal site.

Research and Publication Ethics

Before submitting any form of study, The Nerve, expects all
authors to fully understand our ethics policies and be aware
of the consequences if the terms are not met. There are
growing concerns regarding increasing number of ethical
issues in the academic field. Thus, strict guidelines are listed
below in order to prevent any form of ethical misconduct.
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Also, The Nerve routinely screens submitted articles for
plagiarism via professional anti-plagiarism companies (i.e.
www.copykiller.com). Nevertheless, the guideline proposed
in this journal is for prevention not for persecution. Authors
must be aware of the ethical policies since incidences of
copyright issues, plagiarism, redundant publication is usu-
ally due to lack of understanding rather than fraudulent in-
tent.

The Nerve is in accordance with the strict ethics guide-
lines recommend by the Council of Science Editors (http://
www.councilscienceeditors.org), International Committee
of Medical Journal Editors (ICMJE, http://www.icmje.org),
World Association of Medical Editors (WAME, http://www.
wame.org), and the Korean Association of Medical Journal
Editors (KAMJE, https://www.kamje.or.kr/en/main_en).
Also, The Nerve, will follow the guidelines by the Committee
on Publication Ethics (COPE) for settlement of any mis-
conduct. If ethical misconduct is in fact found, the editorial
board of The Nerve will not take it lightly. We will not hesi-
tate to publish errata, corrigenda, clarifications, retractions,
and request apologies. Also, there can be possible sanctions,
notification to other editors of other biomedical journals,
and depending on the severity of the allegation, notify the
author’s institution

1. Authorship

The Nerve follows the International Committee of Medical
Journal Editors (ICMJE) criteria of authorship. All persons
designated as authors should qualify for authorship, and will
be required to submit a statement confirming that they meet
the authorship criteria.

The order of authorship should be a joint decision by all
the co-authors. Every author should have participated suffi-
ciently in the work to take public responsibility for the content.

Authorship credit should be based on authors fulfilling
four criteria:

1. substantial contribution to conception and design, exe-

cution, or analysis and interpretation of data;

2. drafting the article or revising it critically;

3. reading and approval of the final version;

4. agreement to be accountable for all aspects of the work
in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately inves-
tigated and resolved

Acquisition of funding, collection of data, or general
supervision of the research group alone does not, in them-
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selves, constitute authorship.

All non-authors who have made substantial contributions
(including writing and editing assistance) must be named
in the Acknowledgements and must have given permission
to be named. Changes to the authorship list are not allowed
after a paper has been accepted.

Members of the Data and Safety Monitoring Board (DSMB)
(or Data Monitoring Committee [DMC]) should be indepen-
dent of the trial and not be involved in the preparation of the
manuscript for publication or act as an author on the paper.

For studies involving a large multicenter group, the group
should jointly make a decision about authorship by listing
only those members who qualify for authorship and are will-
ing to accept responsibility for the manuscript as authors.
List the other members of the group who have contributed
to the study in the Acknowledgements section including
their name and town. The National Library of Medicine
(NLM) indexes the group name and authors and lists the
names of collaborators if listed in Acknowledgements.

The involvement of a group in the authorship list should
be indicated by the connector and with the name of the
group, and all authors must be aware and agree to the sub-
mission of the paper to the Journal.

When the study has been carried out on behalf of a group,
the connector for should be used in the authorship list.

Contributors from the collaborating group(s) or investiga-
tors in the study can be listed in the appendix.

When the authorship list contains a group name but no
individual names, all members of the group must qualify for
authorship and the members of the group listed in the ac-
knowledgement section (including their name and town).

It is not recommended to submit an article that is con-
ducted in collaboration with people with personal connec-
tions if not absolutely necessary. As stated we strictly follow
the conduct of ICMJE for authorship. Authors need to take
extra care if the person or people with personal connec-
tions is under 19 years of age. Before submission authors
must contact the editor in chief via e-mail for the disclosure
form for Involving People with Personal Connections. If the
subject of the study seems not fit for the involved persons,
the editor in-chief will reject the study that is to be submit-
ted. Researchers should try to prevent any appearance of
research misconduct when involving people with personal
connections in research or publishing papers with them at
all times.
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2. Conflicts of Interest

The Nerve's policy requires that every author disclose any
direct or indirect financial or personal interests. All papers
when submitted should contain a disclosure statement
indicating any potential conflicts of interest that might con-
stitute an embarrassment to any of the authors were it not
declared and emerged after publication.

The Journal encourages authors to err on the side of full
disclosure. Such conflicts might include, but are not limited to:
-shareholding in a company,

-receipt of a grant, or

- consultancy fee from a company whose product features
in the submitted manuscript or manufactures a competing
product.

See the World Association of Medical Editors (WAME)
policy statement on conflicts of interest for more informa-
tion of the different types of conflicts.

If no conflicts of interest are declared, then this should be
stated in the article. On acceptance of a manuscript authors
are also required to complete an author disclosure form.

The aim of the disclosure statement is not to discourage
authors from involvement with or from receiving financial
support for their scientific work from commercial sources.
Rather, it is designed to maintain the scientific and profes-
sional integrity of the Journal and ensure transparency.

If conflicts of interest become known from other sources
after a manuscript has been submitted or published, the
Journal may investigate the allegations and appropriate ac-
tion may be taken on a case-by-case basis.

3. Patient Consent

Informed Patient Consent

The Nerve follows the ICM]JE guidelines for reporting about
patients. Patients have a right to privacy that should not be
infringed without prior informed consent.

Identifying information should not be published in writ-
ten descriptions, photographs and pedigrees unless the in-
formation is essential for scientific purposes and the patient
(or parent or guardian) has given written informed consent
for publication. Informed consent for this purpose requires
that the patient be shown the manuscript to be published.

When informed consent has been obtained, please indi-
cate this in the published article.

Mandatory patient consent form
For publication of material that contains detailed patient

Vi

information about a living individual, it is compulsory for a
signed patient consent to be obtained irrespective of wheth-
er there are any photos of the patient.

Images of patients
For publication of pictures of patients when there is any
chance the patient may be identified from the photo/image
or legend, consent is required from the patient.

The Editorial Board reserves the right to reject papers for
which the ethical aspects are, in the Board’s opinion, open
to doubt.

4. Availability of data and materials

A condition of publication in The Nerve is that the authors
agree to make materials, data and associated protocols
promptly available to readers if requested. Where reagents
are not available commercially, authors must make these
freely available to academic researchers for their own use.
If there are any restrictions on materials/data, authors must
disclose this at the time of submission.

5. Publishing misconduct

An article is reviewed for publication on the understanding
that the work it represents has not been submitted for pub-
lication elsewhere. All authors will be required to submit a
statement confirming that the manuscript represents orig-
inal work that has not been published, accepted or is cur-
rently being considered for publication elsewhere except as
an abstract. If you have submitted your manuscript and are
awaiting a decision, please do not submit elsewhere. Dupli-
cate submissions is a strain on reviewers and journal office
resources.

If the work or an abstract of it has been previously pub-
lished, for instance, in another language, then this fact should
be made clear in the covering letter. Authors must declare, and
submit copies of, any manuscripts in preparation or submitted
elsewhere that are closely related to the manuscript to be con-
sidered. Duplicate or redundant publication is considered a
serious form of misconduct and may be reported to employing
institutions and funding bodies, or lead to a public notice in
the Journal. If duplication is suspected, the publication will be
checked through CrossCheck (https://www.ithenticate.com).

Plagiarism of other people’s words/ideas is a serious sci-

entific misconduct. Plagiarism is the unauthorized use of
others published or unpublished words or ideas and pre-
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senting them as your own original work. Such work includes
abstracts, research grant applications, ethics committee ap-
plications, or unpublished or published manuscripts in any
publication format (print or electronic).

Salami publications (papers that have overlapping data with
another paper by the same authors) are discouraged.

Data fabrication is also a serious violation to the ethics
policy of The Nerve. It is often difficult to find the aspects of
tampered data, since reviewers do not have full access to the
initial raw data. However, since it can be used to strength-
en a study’s hypothesis which can affect the whole area of
science, the Editor may request raw data, copies of relevant
correspondence (e.g. ethical approval) or an explanation
from the authors if they have concerns about a manuscript.

The Nerve takes publication ethics very seriously. If mis-
conduct is found or suspected after the manuscript is pub-
lished, the journal will investigate the matter and this may
result in the article subsequently being retracted.

6. Image manipulation
The Nerve does not allow certain electronic enhancements or
manipulations of micrographs, gels, or other digital images.

Figures assembled from multiple photographs or images
must indicate the separate parts with the lines between them.

Linear adjustment of contrast, brightness, or color must be
applied to an entire image or plate equally and are allowed
as long as they do not obscure, eliminate or misrepresent
any information present in the original.

Nonlinear adjustments must be specified in the figure leg-
end. Selective enhancements or alterations of one part of an
image are not acceptable.

When suspicions are raised regarding the authenticity of
an image it is the Journal;’s policy to investigate. The Nerve
may ask authors to provide additional documentation of
their primary data and/or for copies of the original figures.

7. Ghost writing and writing assistance

Ghost writing is when someone has made a substantial con-
tribution to the research, writing or editing of a manuscript
and this role is not mentioned in the paper. Such writers are
contributors to the manuscript and if they are not included
in the authorship list their involvement, affiliations and any
funding that was provided for their assistance should be in-
cluded in the acknowledgement section of the paper.
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8. Study design: ethical approval and patient consent
All manuscripts in which experiments on patients or healthy
volunteers, patients’ case histories or use of genetic material
are reported should contain a statement that:

- the subjects’ written consent was obtained according to the

Declaration of Helsinki (updated 2008), and
- the study has been approved by a local ethics committee/

institutional review board (IRB) or that it conforms to stan-
dards currently applied in the country of origin; the name
of the authorizing body should be stated in the paper.

All manuscripts in which experiments on animals are
reported should include a statement that the experiments
were conducted with full compliance with local, national,
ethical, and regulatory principles and local licensing regula-
tions. The name of the authorizing body should be stated in
the paper.

Also, when conductig experiments on both animals and
humans, specific characteristics must be mentioned (Spe-
cies, Ethnicity, Gender, Type of cells, age of donator of spe-
cific cells). If these factors are not necessary for the study it
must be stated.

9. Clinical trial registration

The Nerve requires the registration of all clinical trials in line
with the ICMJE and WHO declarations. From 1 January 2009,
all prospective, interventional studies whether begun be-
fore or after that date must be registered with either a WHO
primary registry or an approved ICMJE registry before the
onset of enrolment of patients to be considered for publica-
tion. Trials beginning after 1 January 2009 must be registered
before recruitment of the first patient. The Nerve will accept
retrospective registration (i.e., registration after patient enrol-
ment begins) of trials that began before 1 January 2009.

For submission of a randomized controlled trial, please
provide the registration number of the trial and the name of
the trial registry in the last line of the paper’s structured ab-
stract. Click here for more information on how to format the
registration. You may also like to read the published editori-
al for more information about the Journal’s policy on clinical
trial registration.

For further information, see Statement from the Interna-
tional Committee of Medical Journal Editors and the World
Health Organization (WHO) International Clinical Trials
Registry Platform.
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Reporting Guidelines

To ensure the highest quality of research reporting, The
Nerve follows the EQUATOR network resource centre for
good research reporting. The Nerve strongly advises authors
to follow the standard formats and guidelines provided.

1. Randomized Controlled Trials

Randomized controlled trials (RCTs) should be reported
according to the standard guidelines outlined in the Con-
solidated Standards of Reporting Trials (CONSORT) state-
ment. CONSORT has developed a checklist to include when
reporting such trials. The Nerve also encourages authors to
include the patient flow diagram.

viii

2. Systematic reviews and meta-analyses of RCTs
(QUOROM)

Systematic reviews or meta-analyses of RCTs should be based
on the Quality of Reporting of Meta-analyses (QUOROM)
guidelines.

3. Meta-analysis of Observational Studies in Epide-
miology (MOOSE)

Meta-analysis of observational studies should be developed
according to the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines.

4. Studies of diagnostic accuracy (STARD)

Reports of studies of diagnostic accuracy should be prepared
according to the Studies of Diagnostic Accuracy (STARD)
guidelines.
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Checklist

Author(s) should check the followings items under the heading of ‘Authors. The spaces under the heading of ‘Editorial Staff’ are
reserved for editorial office. Please leave no marking at the spaces under the heading of ‘Editorial Staff’

Check points Author Editorial Staff

Mandatory components of a manuscript:
Formats and contents of the manuscripts are checked by corresponding author.
Words count. Manuscripts may be no longer than 6,000 words including all ele- a YSE NO
ments for Original Articles, 3,000 words for Case Reports including references. [] [
Manuscript layouts. Manuscript should be prepared in following orders;
1. Original Article: title page, inner title page, abstract, introduction, materials and
methods, results, discussion, conclusion, references, table, and figure legends. 0 YSE NO

L] [
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. . . YSE NO
Running head must be included consisting of no more than 65 characters/spaces. L] ] ]
External title page should be a separate file. L] YéE NDO
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YSE NO

Only title of the manuscript is listed. Any information on the authors and corre- O 0 0
sponding author is not shown on the inner title page.
Abstract:
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and 200 words for Case Reports. L] []
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Text:
Format. Text is written in 11 point fonts with double line spacing and 3cm as mar- a YSE NO
gins on an A4 paper. [] [
Headings. Do provide appropriate headings and subheadings with the following n YSE NO
hierarchy: 14 point BOLD CASE, 13 point case, 11 point Italics [] [

. oo . . . YSE NO
Figures and tables. Cite in numerical order as they are first mentioned in the text. ] 0 B
References: O YSE NO
Style. References are described following the rules of The Nerve U 0
Tables, Figures and Illustrations:
Table style. Table style should follow the conventional rules of The Nerve. Tables YSE NO
should be self-explanatory, and the data they contain must not be duplicated in the ] ] ]
text or figures.
Figures are prepared in separate files (JPG or TIF) and submitted individually not a YSE NO
being incorporated into one files. L] [
Figure resolution. Author must guarantee the quality of figures (300DPI). It should
be noted that the manuscript could be rejected if printsuitable high quality figures [l Acceptable | Inadequate

. . o ] []

are not provided at the initial phase of submission.
Figure legend. Figure legend should be self-explanatory. Abbreviations should not
be used and the present tense must be used for the description. Appropriate de- . YSE NO
scription of dyeing method and magnification for histological figure should be pro- [] ]
vided.
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All authors should sign on the “Copyright Release, Author Agreement, and Dis-
closure of Conflict of Interest” form then send e-mail to editor of The Nerve (sbc@ ] YSE NO
catholic.ac.kr) and corresponding author should indicate that he (she) takes full L] L]
responsibility of authorship from all authors.
Author check list form is submitted with the manuscript. Ll YéE NDO

Date:

Editorial office use only

[] suitable for review process [ a qualified consent for submission acceptance [ ] needs author’s correction

Date:

www.thenerve.net



3 The Nerve Copyright Transfer
Agreement

Copyright Release, Author Agreement, and Disclosure of Conflict of Interest

The author(s) submit my/our manuscript with the following title:

In consideration of the Editorial Board of The Nerve reviewing, editing and publishing.

I hereby transfer, assign and otherwise convey to the Korean Society of Peripheral Nervous system upon acceptance of the man-
uscript for publication by The Nerve all rights, title, and interest in the manuscript including copyright ownership, together with
full right and authority to publish the manuscript in all forms and media and to claim copyright for that published manuscript.

All author(s) have made a concreate and intellectual contribution to the content of the manuscript, and will take public respon-
sibility for its content.

I/we certify that the contents of the manuscript, in all or in part, has not been published and is not being considered for publica-
tion elsewhere.

The author(s) warrant that the manuscript contains no libelous or unlawful statements and does not infringe on the rights of
others. Also, this work follows the ethics guidelines of The Nerve.

All intellectual contributions, technical help, financial or material support, and all financial or other relationships that may con-
stitute or lead to a conflict of interest have been acknowledged or disclosed in the manuscript.

Each of the undersigned is an author of the manuscript and all authors are named on this document.
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