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INTRODUCTION 

Intramedullary meningeal melanocytoma is an exceptionally rare 

tumor that occurs in the central nervous system (CNS). Meningeal 

melanocytoma was first described in 1972 by Limas and Tio17), de-

fined as a pigmented tumor of the leptomeninges. Intramedullary 

meningeal melanocytoma is known to be derived from melano-

cytes located in leptomeninges3,29). During the embryologic period, 

melanocytes travel from leptomeninges to the spine, and cellular 

proliferation affects the characteristics of the cell to become a tu-

mor. From the database of PubMed and Google Scholar, a total of 
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29 cases of intramedullary meningeal melanocytoma were found 

between 1970 and 2020. Here, we report a case of intramedullary 

meningeal melanocytoma in the spinal cord and provide an over-

view of the available literature. Additionally, this is the first case 

report of the same in Korea. 

CASE REPORT 

A 78-year-old man was admitted to our institution with the chief 

complaint of severe low back pain for 30 years and progressive 

right-side weakness over the course of six months. No remarkable 

1



past medico-surgical history was found. On physical examination, 

the patient suffered from low back pain around the area of L2 to L4. 

Mild direct tenderness was observed. On neurologic examination, 

the straight leg raising test was positive for both legs: 30° and 70° 

for the right and left legs, respectively. There was no posterior neck 

pain or direct tenderness on the neck, but the patient occasionally 

dropped an object against his will. In addition, gait disturbance 

was observed. The right-side motor weakness was present, and the 

general motor grade was between II and III on the right side. The 

patient suffered from right-sided numbness. 

No remarkable abnormalities were found in the plane cervical 

X-ray images, except for degenerative disc space narrowing lesions. 

Computed tomography (CT) images revealed a hyperdense mass 

between C3 and C5 levels. The center of mass was heterogeneous. 

A spinal cord tumor was suspected from the images. 

Magnetic resonance imaging (MRI) of the cervical and lumbar 

spine showed cervical intradural-intramedullary tumor between 

C3 and C5 levels and epidural abscess between L3 and S1 levels. 

The cervical lesion showed hypo-intensity on T2 and hyper-inten-

sity on T1-weighted images (WI). Diffuse mild enhancement was 

revealed in gadolinium-enhanced T1-WI (Fig. 1). MRI also showed 

a 21 mm mass with hemorrhagic changes containing multiple 

septa in the center. The mass was skewed toward the right from the 

center of the spine. Based on T2-WI, it was suspected to be edema-

tous and contained high vascularity. The initial impressions based 

on the cervical MRI findings were cavernous malformation, arte-

riovenous malformation, meningioma, and lymphoma. 

Abnormal enhancement was observed on lumbar MRI in the 

vertebrae, intervertebral discs, and ventral epidural space between 

L4 and S1 levels (Fig. 2). The results suggested infectious spondylo-

discitis and multiple infected cysts in the right facet joints between 

L4 and S1 levels. The infection was confirmed comprehensively, 

and ceftriaxone and vancomycin were introduced to the patient for 

conservative treatment. 

Surgical intervention was performed for the cervical lesion. 

During the operation, laminectomy was performed between C3 

and C5 levels. After opening the dura mater under a surgical micro-

scope, a normal colored spinal cord was noted. The surface of the 

right spinal cord felt harder than the left spinal cord at the C4 level. 

After opening the pia mater and meticulous spinal cord dissection 

in the midline, a black pigmented tumor mass was exposed (Fig. 3). 

The mass had a rubbery hard consistency and was surrounded by 

soft vascularized tissue. However, there was no hemorrhagic evi-

dence, such as old blood clots. The demarcation of the tumor from 

the normal spinal cord was good in color, but it was not easy to find 

a cleavage plane between the tumor mass and surrounding nor-

mal spinal cord parenchyma. With meticulous dissection using a 

dissector and internal decompression with an ultrasonic aspirator, 

the tumor was completely removed (Fig. 3). During the procedure, 

intraoperative neuro-monitoring was performed. Initially, motor 

evoked potentials (MEP) showed a 70% decrease in the right upper 

extremity compared to the left. During the procedure of tumor re-

moval, the MEP wave changed to a flat condition and remained the 

same by the end of surgery. 

Immediately after the operation, the right-side general motor 

was recorded to be grade I. The patient suffered from post-opera-

tive paralytic ileus. A Levin tube was inserted to decrease the ab-

dominal pressure. Progressively, the patient recovered. Antibiotics 

were retained during the admission period. However, the right-sid-

ed hemiparesis did not show any improvement. 

Microscopic analysis was performed for pathological diagnosis. 

Morphologically, there was a little activity of mitosis and no severe 

dysplasia. The cells were immunochemically stained with Melan-A 

and S-100 proteins. CD-68 was positive, and the percentage of Ki-

Fig. 1. Sagittal image of magnetic resonance imaging between C3 
and C5 levels before the operation. (A) T1-weighted images (WI) 
slightly show hyperintensity. (B) Hypointensed lesion can be ob-
served in T2-WI with multiple septa in center. (C) Gadolinium-en-
hanced the mass slightly, which is revealed in the enhanced T1-WI.

Fig. 2. Sagittal image of magnetic resonance imaging between L1 
and L5 levels. (A) T1-weighted images (WI) show hypo-intensity 
on L4/5 and S1 vertebral body and intervertebral disc spaces. (B) 
Heterogeneous hypointensed lesions can be observed in T2-WI. (C) 
Gadolinium-enhanced the lesion, which is revealed in the enhanced 
T1-WI.

www.thenerve.net

Keonhee Kim, et al.   Primary Intramedullary Meningeal Melanocytoma in Cervical Spine

2



Fig. 3. Intramedullary meningeal melanocytoma images under surgical microscope. (A) There is no sign of pigmented tumor in the subdu-
ral space. (B) Solid and vascularized mass can be seen located in the intramedullary space. (C) The pigmented mass, completely removed 
from the spinal cord.

Fig. 4. (A) Hematoxylin and eosin stain (H&E), 5-folded magnifi-
cation; scan power view shows black pigmented lesion associated 
with hemorrhage. (B) H&E, 30-folded magnification; on high 
power magnification, pigmented spindle tumor cells and heavily 
pigmented macrophages can be seen. Note that the oval nuclei of 
tumor cells lack cytological atypia. (C) Melan-A stain; tumor cells 
were positive for melan-A immunohistochemistry. (D) S-100 stain; 
tumor cells were negative for S-100 immunohistochemistry.

67 was less than 5%. The official result was a benign tumor that was 

suitable for melanocytoma (Fig. 4). 

A proton emission tomography (PET) scan was performed to 

search for a primary malignant lesion. Only mild F18-fluorodeoxy-

glucose (FDG) uptake was observed in the spinal cord between C3 

and C5 levels without a clearly defined margin, which indicates low 

metabolic tumor or focal inflammatory process. There was no sign 

of distant metastasis. MRI was performed on the second day of the 

operation, and it confirmed the complete resection of the tumor 

(Fig. 5).  

DISCUSSION  

1. Characteristics 
The authors described the tumor as solitary and low-grade neo-

plasm with the characteristic of invading surrounding structures17). 

In general, meningeal melanocytoma is usually located in the intra-

dural extramedullary compartment and is adhesive to the menin-

ges. Intramedullary meningeal melanocytoma in the spinal cord is 

known to be an extremely rare tumor. The previously reported cas-

es are summarized in Table 1. There is no large volume of analyzed 

research due to its low incidence rate. However, it can be presumed 

from the previously reported cases that melanocytoma of the spinal 

cord occurs most often in the thoracic levels (n=19) (Table 2). 

2. Embryology 
The epidermal melanoblasts reach leptomeninges during the 

embryogenic period of formation of the neural crest9). The neural 

crest undergoes differentiation to become numerous cell types, 

including the leptomeninges, glial cells, adrenal medullary cells, 

and melanocytes28). The lateral margin of the thin layer from the 

neural crest forms the leptomeninges after embryogenesis. Mela-

nocytes become atypical cells that move toward malignancy with 

cellular differentiation and proliferation. In vitro experiments have 

revealed that melanocyte cells become immature ancestral cells af-

ter exposure to high concentrations of endothelin-3 substance7). In 

vivo, this phenomenon might be a clue toward understanding the 

pathogenesis of melanocyte18). Additionally, the tumor suppressor 

Fig. 5. Sagittal image of magnetic resonance imaging between C3 
and C5 levels after the operation. (A) T1-weighted images show no 
sign of remaining mass on the cervical levels. (B) The hypointensed 
lesion revealed in the preoperative images disappeared after the 
surgery. (C) No sign of definitely enhanced mass in the cervical 
levels.
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Table 1. Summary of previously reported intramedullary melanocytoma cases
Reference Year Age Sex Location Location Resection RTx Recur. FU (months)
Barth et al.1) 1993 49 F Thoracic T10-12 Subtotal No Yes 48
Glick et al.10) 1997 69 M Cervical C1-2 Total No No 60

39 F Thoracic T8-9 Subtotal Yes No 12
27 F Thoracic T1-6 Total No No 24
56 F Thoracic T12 Total No No 48
74 F Thoracic T11-12 Total No No 12
70 M Cervical C1 Total - - -
24 F Thoracolumbar T12-L1 Total No No 24

Rades et al.25) 2001 23 F Thoracic T4-7 Subtotal Yes Yes 54
Delhaye et al.5) 2001 38 F Thoracic T6-T9 Subtotal No Yes 48
Iida et al.13) 2002 42 M Thoracic T10 NA No No 4
Turhan et al.30) 2004 19 F Thoracic T8 Total No No 36
Van Paesschen et al.31) 2004 51 M Cervical C1-2 Total - - -
Horn et al.12) 2008 37 F Cervical C1-3 Total No Yes 38

37 F Thoracic T9-10 Total No Yes 16
48 M Thoracic T12 Total No Yes 185

Chacko and Rajshekhar4) 2008 22 M Thoracic T6-11 Total No No 96
Karikari et al.15) 2009 32 F Thoracic T10 Total No No 3

20 M Thoracic T12 Total No No 2
Caruso et al.2) 2009 62 M Thoracic T11-12 Total No No 24
Perrini et al.24) 2010 79 F Thoracic T10-11 Subtotal Yes No 30
Eskandari and Schmidt8) 2010 45 M Thoracic T11 Subtotal Yes Yes 36
Muthappan et al.22) 2012 61 F Cervical C3-4 Total No No 36
Kahilogullari14) 2012 28 F Thoracic - Total - - -
Wagner et al.32) 2015 63 M Cervical C2-3 Total Yes Yes 18
Reutov et al.27) 2016 28 F Cervical C2-3 Subtotal No No 24
Khoulali et al.16) 2018 51 F Cervicothoracic C7-T1 Subtotal Yes - -
Dubey et al.6) 2018 35 F Cervicothoracic C6-T6 Subtotal No No 6
Hoffmann et al.11) 2016 58 F Thoracic T9-10 Total Yes No 3
This study 2020 78 M Cervical C3-5 Total

F: female; M: male; NA, not available; RTx: radiotherapy; Recur.: recurrence; FU: follow-up.

Table 2. Location, sex, and age at diagnose from the reported cases
n (%)

Location
 Cervical 8 (26.7)
 Cervicothoracic 2 (6.7)
 Thoracic 19 (63.3)
 Thoracolumbar 1 (3.3)
 Lumbar 0 (0.0)
Sex
 Female 19 (63.3)
 Male 11 (36.7)
Age at diagnose
 10-30 8 (26.7)
 30-50 11 (36.7)
 >50 11 (36.7)

The data is presented as number (%).

genes and proteins, CDKN2A, p16INKA, p19ARF, and PTEN, play a 

critical role in transformation21). 

Melanocytoma is classified according to the World Health Orga-

nization classification under the subclass of melanocytic lesions of 

the CNS. The subclass includes other melanocytic tumors such as 

melanocytosis, melanomatosis, and malignant melanoma6). Most 

cases of meningeal melanocytoma within the spinal cord reported 

in the literature have been located in the intradural extramedullary 

compartment15). Incidence of intramedullary melanocytoma with-

in the spinal cord is relatively rare compared to that of extramedul-

lary melanocytoma. A total of 29 cases of intramedullary meningeal 

melanocytoma were found in the public databases, PubMed and 

Google Scholar. 

3. Diagnosis 
The majority of patients from the reported cases were admitted to 

hospitals with symptoms of motor weakness, myelopathy, and/
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or sensory changes. Clinicians are favoring MRI to diagnose the 

disease. In common, intramedullary meningeal melanocytoma 

appears as iso-intensity to mild hyperintensity on T1-WI and 

iso-intensity to hypo-intensity on T2. Gadolinium contrast slightly 

enhances the lesion homogenously20). The specificity of MRI for 

the disease entity of melanocytoma is not sufficient to diagnose the 

disease alone. In our case, the impression from the MRI images was 

cavernous malformation, not melanocytoma. 

F18-FDG PET/CT is a great tool for the differential diagnosis of 

malignancy in addition to MRI. Primary melanoma and melanocy-

toma show similar features on MRI. However, biochemically, ma-

lignant tumors increase the activity of glucose transporter proteins 

and glucose phosphorylating hexokinase, which can be detected 

by F18-FDG PET/CT33). 

Pathologic confirmation is the most important step in diagnos-

ing the disease. The key to diagnosis of the disease is associated 

with melanin in the cells. Melanocytic tumors such as melanoma 

and melanocytoma are occasionally unpigmented. However, they 

can be diagnosed under an electron microscope or using immu-

nohistochemical staining techniques. The tumors showed oval 

or spindle shape with melanin content. The distinct histological 

features are positive reactions to anti-melanoma antibody (HMB-

45) and S-100 but negative for epithelial membrane antigen18). 

Cellular morphology is considered to be a prognostic factor. The 

spindle-shaped morphology shows a relatively better prognosis 

than oval-shaped19). The difference between melanoma and mela-

nocytoma is the degree of abnormal mitosis and atypical cytology. 

Melanocytoma generally shows an absence or a low-grade atypical 

cytology18). In our case, the tumor showed a spindle-shaped mela-

nin content with a low grade of mitosis (Ki-67 < 5%) and no severe 

dysplasia under the microscope. 

Immunohistochemical markers are not useful for distinguishing 

melanocytic tumors due to the almost identical reactivity to HMB-

45 and S-10023). Molecular analyses have recently been highlighted 

to solve this problem. Melanocytoma shows no mutation in the G 

α q (GNAQ) gene on the long arm of chromosome9), but melanoma 

does. The GNAQ gene encodes oncoprotein that activates the mito-

gen activation protein kinase pathway related to malignancy. Hoff-

mann et al.11) used molecular analyses of GNAQ and avoided the 

misdiagnosis of malignant melanoma instead of melanocytomas. It 

is also useful to determine whether the lesion primarily originates 

from the CNS. GNAQ and guanine nucleotide-binding protein sub-

unit α-11 (GNA11) gene mutations are distinct features of the CNS 

melanocytic tumors23). Molecular analyses were recommended to 

the patient for diagnosis with a cost, but the patient refused to do so 

because of the poor financial status. 

4. Treatment 
No consensus was made with the first-line treatment for the tumor. 

However, many case reports have recommended its complete re-

section. Melanocytoma is generally considered a benign disease 

but has the potential to recur and become malignant11,18,25). 

Adjuvant radiotherapy is also emphasized by many authors for 

the reasons mentioned above. Rades et al. 26) reported a prognostic 

analysis of intracranial and intraspinal meningeal melanocytomas. 

The patients who underwent complete resection showed 100% 

5-year survival rate s regardless of radiotherapy. However, incom-

plete resection showed a difference. The group receiving adjuvant 

radiotherapy showed almost 2-fold higher 5-year survival rates than 

the group without radiotherapy26). Intramedullary meningeal mela-

nocytoma might show a similar prognosis to that of other meningeal 

melanocytomas since the origin of tumor cells are identical. 

CONCLUSION 

Intramedullary meningeal melanocytoma in the cervical spine is 

an extremely rare tumor. Here, we reported the case with a narra-

tive literature review. MRI is the most frequently used diagnostic 

tool. However, the degree of sensitivity and specificity of MRI are 

insufficient to confirm intramedullary meningeal melanocytoma. 

Microscopic confirmation using immunohistochemical markers 

is an essential step for the final diagnosis. For the treatment of 

diseases, the most important aspect of prognosis is the complete 

resection of intramedullary meningeal melanocytoma. In addition, 

adjuvant radiotherapy should be considered even though complete 

resection has been performed. The possibility of a remnant tumor 

on the resection margin always exists even if it has been completely 

removed. Hence, adjuvant radiotherapy should not be omitted. 
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INTRODUCTION 

Contrast-induced encephalopathy (CIE) is an unexpected neuro-

logical complication after endovascular procedures with contrast 

media2,3,12). This complication has a rare incidence that broadly 

ranges from 0.3% to 1% but might increase to 4% when a hyperos-

molar contrast is used13). Its clinical presentations are mainly char-

acterized by transient cortical blindness, headache, memory loss, 

hemiparesis, aphasia, loss of coordination, confusion, seizures, and 

coma15). A convincing theory of CIE is that hyperosmolar contrast 

agents remove fluid from the endothelial cells, causing them to dis-

rupt the tight junctions of the blood-brain barrier17). 

Iodixanol, which is the only iso-osmolar contrast medium, has 

a more favorable neurotoxicity profile than monomeric, nonionic 

Contrast-induced encephalopathy (CIE) is a rare and unexpected complication after coil embo-
lization to treat cerebral aneurysm. A 66-year-old woman underwent secondary coil emboliza-
tion with iodixanol for recanalization of the left middle cerebral artery aneurysm. Preoperative 
computed tomography revealed encephalomalacia in the left frontal and temporal lobe caused 
by previous aneurysmal rupture. Two hr after the procedure, the patient showed status epilepti-
cus and right hemiplegia. Fluid-attenuated inversion recovery imaging revealed extensive in-
volvement of CIE in the left hemisphere. CIE-related symptoms gradually resolved with conser-
vative treatment including antiepileptic drugs, mannitol, and methylprednisolone. Two-month 
follow-up magnetic resonance imaging revealed that the edema markedly improved in the pa-
rietal area but remained in the frontal area, and the patient completely recovered without any 
sequelae. Even iodixanol, an iso-osmolar contrast medium, could lead to CIE manifesting as a 
serious condition such as status epilepticus. Endovascular neurosurgeons should always be 
aware of CIE, especially when encephalomalacia is present. 
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contrast media1,16). The association between CIE and iodixanol con-

trast agents has rarely been reported3,12). Here, we report CIE where 

despite the use of iodixanol, the patient developed serious compli-

cations such as status epilepticus and hemiplegia after secondary 

coiling. The potential predisposing risk factors are also discussed. 

CASE REPORT 

A 66-year-old woman was admitted for the treatment of recanali-

zation of a left middle cerebral artery (MCA) aneurysm. Ten years 

earlier, she underwent surgical clipping of an incidentally discov-

ered MCA unruptured aneurysm. However, one year earlier, she 

presented with subarachnoid hemorrhage (SAH) following the 

rupture of the previously clipped MCA aneurysm (Fig. 1A) and un-
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derwent stent-assisted coiling at another hospital. The procedure 

was performed using 150 mL of iopromide (Ultravist®; Bayer Scher-

ing Pharma AG, Berlin, Germany) without adverse reaction to the 

contrast medium used.  

Follow-up brain computed tomography (CT) revealed enceph-

alomalacic change in the left frontal and temporal lobe caused 

by aneurysmal rupture (Fig. 1B, 1C). Cerebral angiography was 

performed using 100 mL of iodixanol (Visipaque 270; GE Health-

care, Princeton, NJ, USA) without any complications and revealed 

the major recanalization of previously coiled aneurysm (Fig. 1D, 

1E). The coil embolization procedure was performed via the right 

transfemoral approach. A guidewire was inserted into the left in-

ternal carotid artery (ICA) and extended to the tortuous carotid 

artery. Subsequently, 6-Fr guiding catheters (Asahi Fubuki®; Asahi 

Intecc Co., Ltd., Aichi, Japan) were placed in the left ICA, and a mi-

crocatheter (SL 10; Stryker Neurovascular, Fremont, CA, USA) and 

microwire (Traxcess; Microvention, Tustin, CA, USA) were placed 

in the aneurysm sac through the strut of the previous stent (trans-

cell technique). The aneurysm was completely obliterated with six 

coils (Axium Prime; Medtronic, Irvine, CA, USA), maintaining the 

distal MCA arterial flow. A total of 250 mL of iodixanol was used 

during the procedure. There was no thromboembolic event during 

the procedure. She recovered from anesthesia without any com-

plications. However, the patient’s postoperative brain CT revealed 

contrast enhancement and gyral effacement, indicating cerebral 

edema in the left hemisphere (Fig. 2A). 

Two hr after the procedure, the patient developed sudden-onset 

right-sided hemiplegia and aphasia. She gradually became more 

lethargic and finally developed generalized tonic-clonic seizures 

for 5 min. Although intravenous lorazepam (4 mg) was admin-

istered repeatedly, the seizures did not stop and even prolonged 

for more than 30 min. She was administered 1,000-mg phenytoin 

sodium followed by 1,000-mg sodium valproate with no respite in 

seizures. She was considered to be experiencing refractory status 

epilepticus and moved to the intensive care unit for therapeutic 

coma induction. Seizure control was achieved at a dose of 2 mg/

kg/hr of propofol. Under high suspicion of postoperative stroke, 

a follow-up cerebral angiogram and diffusion-weighted imaging 

were performed, but they revealed patent MCA flow without cere-

bral infarction (Fig. 2B, 2C). Electroencephalography demonstrated 

Fig. 1. Clinical history before secondary coil embolization. (A) One 
year earlier, the patient had subarachnoid hemorrhage due to the 
rupture of the left middle cerebral artery aneurysm, which had pre-
viously undergone surgical clipping 10 years earlier. (B, C) Recent 
follow-up computed tomography before secondary coiling revealed 
encephalomalacia in the left frontotemporal area. (D, E) Recent ce-
rebral angiography revealed major recanalization of the previously 
occluded aneurysm by surgical clipping and stent-assisted coiling.

Fig. 2. Postoperative findings. (A) Immediate postoperative com-
puted tomography demonstrated contrast enhancement and gyral 
effacement extensively in the left hemisphere. (B) Postictal diffu-
sion-weighted imaging revealed no evidence of acute infarction. (C) 
Follow-up of the left carotid angiogram 3 hr after secondary coiling 
confirmed the patent flow of the left middle artery and complete 
obliteration of the aneurysm. (D) Ictal electroencephalography re-
vealed repetitive sharp waves concentrated in the left fronto-cen-
tro-parietal area (red box).
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repetitive sharp waves concentrated in the left frontocentroparietal 

area (Fig. 2D). Hydration and intravenous administration of meth-

ylprednisolone, mannitol, and anticonvulsant agent were also pro-

vided for symptom control. Propofol tapering was attempted after 

72 hr of seizure-free period. 

Recovery (with spontaneous eye-opening) started to occur 

on postoperative day7), and the hemiplegia gradually resolved. 

T2-weighted images demonstrated extensive cerebral edema of 

the left fronto-temporoparietal area (Fig. 3A, 3B). Two-month 

follow-up magnetic resonance imaging (MRI) revealed that the 

edema markedly improved in the parietal area but remained in the 

frontal area (Fig. 3C, 3D). Finally, the patient completely recovered 

without any neurologic sequelae. 

DISCUSSION 

Since 2010, there has been an increasing trend in the incidence of 

CIE (Table 1). To the best of our knowledge, there has been only 

one case that reports CIE after coil embolization using iodixanol 

contrast medium9). 

The clinical presentation of CIE can sometimes mimic acute stroke, 

but imaging findings present several characteristics of CIE. The most 

common symptoms of CIE include cortical blindness, headache, 

vomiting, agitation, hemiplegia, seizures, confusion, transient global 

amnesia, and dysarthria–aphasia4,17). Cerebral angiography and dif-

fuse-weighted imaging were also performed because of high clinical 

suspicion for postoperative acute ischemic stroke. Radiologic findings 

of CIE are characterized, consistent with our case, by gyral swelling 

and hyperintensity on T2 image on MRI and also abnormal cortical 

contrast enhancement, edema, and subarachnoid contrast enhance-

ment on CT8). Thus, it is important to differentiate between CIE and 

Fig. 3. Serial postoperative magnetic resonance images. (A, B) 
One-week postoperative T2-weighted images (WI) demonstrated 
extensive involvement of contrast-induced encephalopathy in the 
left hemisphere. (C, D) Two-month postoperative T2-WI showed 
that high signal lesion in the parietal area was no longer observed, 
but that in the frontal area adjacent to the encephalomalacic le-
sion remained.

Table 1. Reported cases of contrast-induced encephalopathy after coil embolization

Reference Year Sex/
Age SAH/URA Aneurysm 

site Onset time Symptoms
Volume of 
contrast 

(mL)

Contrast 
agent

Side of 
guiding 
catheter

Extent of CIE T2 high 
SI lesion

Clinical 
resolution

Uchiyama et 
al., 2003

2003 M/72 SAH Acom 1 hr Hemiparesis, motor 
aphasia

260 Iopamidol Left ICA Left cerebral  
hemisphere

NA 1 week

Leong and 
Fanning8)

2012 F/50 URA ICA Immediate Hemiparesis and 
sensory loss, 
right-sided neglect

220 Iopromide NA Left cerebral  
hemisphere

Present 1 year

Nagamine et 
al. 201410)

2014 F/58 URA ICA 4 weeks Hemiparesis, 
agraphia

316 Iohexol Left ICA Left fronto-parie-
to-occipital

Present 50 days

Matsubara 
et al.9)

2017 F/63 URA Acom Immediate Hemiparesis 210 Iodixanol Left ICA Bilateral frontal NA 1 month

F/51 URA ICA Several hr Visual disturbance 270 Iopamidol Left VA Bilateral occipital NA 1 week

Onishi et al. 
201811)

2018 F/67 URA IC-PC, 
AChA

Intraopera-
tive, 30 min

Hemiparesis, aphasia NA NA Left ICA Left cerebral  
hemisphere

NA 1 day

This study 2020 F/66 SAH MCA bi-
furcation

2 hr Status epilepticus, 
hemiplegia

250 Iohexanol Left ICA Left fronto-tem-
poral

Present 2 months

M: male; F: female; SAH: subarachnoid hemorrhage; URA: unruptured aneurysm; Acom: anterior communicating artery; ICA: internal carotid artery; IC-PC: internal 
carotid-posterior communicating artery; AChA: anterior choroidal artery; MCA: middle cerebral artery; VA: vertebral artery; CIE: contrast-induced encephalopathy; SI: 
signal intensity; NA: not available.
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stroke as promptly and accurately as possible. 

Possible risk factors for CIE include chronic hypertension (HTN) 

with impaired cerebral autoregulation, chronic kidney disease, and 

a large volume of contrast media9,17). This patient had a history of 

chronic HTN, previous SAH, and the large amount of contrast (250 

mL) administration for repeat arteriograms. Additionally, given the 

evidence of long-standing persistent T2 high signal of the left fron-

tal lobe in the late stage of CIE, the presence of precedent encepha-

lomalacia may have predisposed the patients to CIE and facilitated 

the contrast agent to disrupt the blood-brain barrier, causing cere-

bral edema5). 

It is unclear whether the difference in types and doses of the con-

trast media develops CIE. Theoretically, iodixanol, an iso-osmolar 

contrast agent, hardly induces blood-brain barrier damage, and it 

has been associated with fewer adverse effects and only rarely with 

CIE7,12). A comparison study showed both iodixanol and iopro-

mide to be safe, effective, and well- tolerated14). CIE also developed 

during angiography procedure with contrast volumes less than 40 

mL and even with 25 mL of contrast media for local injection into 

the carotid artery6,13). In our case, CIE did not develop during cere-

bral angiography with 100 mL of iodixanol but during coil emboli-

zation with 250 mL of iodixanol. Thus, iodixanol-induced encepha-

lopathy appears to be an idiosyncratic reaction. 

There is no definite treatment strategy of CIE given the unex-

pected and rare nature of the complication.8) Previous reports 

demonstrated that hydration and intravenous steroid and manni-

tol administration might help symptom control7,12). Although the 

prognosis of CIE has been benign with a wait-and-see approach in 

most reported cases12), CIE could present with severe neurological 

symptoms, and permanent neurological symptoms may remain8). 

CONCLUSION 

Despite the use of iodixanol contrast media, CIE can develop during 

coil embolization. Endovascular neurosurgeons should always be 

aware of CIE, especially when encephalomalacia is present. 
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INTRODUCTION 

Schwannomas are the most common peripheral nerve sheath 

tumors8), originating from well-differentiated Schwann cells of the 

neural sheath of motor and sensory nerves21). They are often sol-

itary, circumscribed and encapsulated by epineurium and grow 

eccentrically, displacing the nerve root8,22). A malignant potential 

has been reported in less than 5% of cases and the reported inci-

dence of benign schwannoma is estimated to occur in 6 patients 

per 100,00024). Sporadic schwannomas have no predilection toward 

sex or race, and often affect patients aged 20 to 50 years20). They 

may occur anywhere in all cranial and peripheral nerves except the 

optic and olfactory nerves. 

Schwannomas of the sciatic nerve, which is the largest nerve 

of the human body, are uncommon (with a frequency of <1% of 

Herein we report a rare case of a sciatic nerve schwannoma causing in a 63-year-old female. 
A sciatic localization is rare accounting for <1% of all schwannomas. They often lead to mis-
diagnosis or delayed diagnosis owing to confusion with other common causes of sciatica, such 
as lumbar herniated disc or spinal stenosis. Magnetic resonance image is a gold diagnostic 
tool, and the final diagnosis is made by the histological examination. A standard surgical tech-
nique with guidance by neurophysiologic monitoring allows in most of the cases an uncompli-
cated removal of the tumor. Although being a rare occurrence, a thorough clinical and radio-
logical evaluation of the sciatic nerve should be taken into consideration whenever sciatica is 
not otherwise explained. 
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all schwannomas)20). They could often raise confusion with other 

known causes of sciatica, such as lumbar degenerative diseases 

and its diagnosis might be challenging, leading to a late correct di-

agnosis in many cases24). 

Here, we present the case of sciatic nerve schwannoma in a mid-

dle-aged female subject who presented with the walking difficulty 

associated with persistent sciatica. 

CASE REPORT 

A 63-year-old female presented with pain in the right leg (visual 

analog scale [VAS] 8/10), which presented for the past 5 years and 

progressively worsened over time. The pain started in the right but-

tock area and it radiated down to the lateral thigh, the back of the 

leg and the dorsum of the foot. The symptom was also present at 
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rest and woke the patient up from sleep during the night. A lumbo-

sacral magnetic resonance image (MRI) scan demonstrated post-

operative laminectomy at L4-5 level (Fig. 1A, 1B), which she already 

has been performed under the diagnosis of spinal stenosis 4 years 

ago. However, lumbar decompressive surgery failed to relieve her 

symptom and during the intervening time before the admission, 

the patient underwent several times of selective nerve root blocks. 

Following the nerve root block, the relieving effect lasted only for 

several hr, less than a day at best.  

The patient had a history of pulmonary thromboembolism and 

had been medicated antiplatelet agent for a year. It gave rise to a 

suspicion of peripheral arterial disease of the legs however, both 

ultrasound scanning and computed tomography (CT) angiogram 

showed negative results. Besides, electromyography (EMG) and 

nerve conduction test documented negative findings and were 

not contributory. Multiple opinions were sought. The sciatica was 

thought to originate from compression by piriformis muscle and 

the patient was sent to the pain clinic to get piriformis block. Ultra-

sound scanning was performed to localize the piriformis muscle 

and it revealed a hypoechoic mass in the gluteal region. Subse-

quent MRI of the gluteal and thigh region was then performed, and 

it finally found a rounded and heterogeneously enhanced tumor 

(2.5 x 2 x 3.7 cm diameter; Fig. 2). It went along the course of the 

right sciatic nerve, posteriorly to the greater trochanter of the right 

femur. The physical and neurological examination revealed signif-

icant pain related to compression of the posterior proximal region 

of the thigh although the mass was hardly palpable. There was no 

remarkable motor deficit but hyporeflexia of the right ankle reflex 

was noted. 

The patient was operated on with microsurgical enucleation with 

neurophysiological monitoring. The patient was positioned in a 

left lateral decubitus position and a linear skin incision was made 

over the greater trochanter. Following the dissection of the iliotibial 

band and tensor fascia latae, a well-circumscribed, firm, the encap-

sulated tumor was found originating from the sciatic nerve sheath 

(Fig. 3A). The nerve sheath was dissected, and the tumor was enu-

cleated from the nerve fascicles, which were incorporated within 

the capsule. Complete tumor resection was achieved with the pres-

ervation of the functioning fascicles (Fig. 3B). Histological analysis 

of the tumor confirmed the diagnosis of a sciatic nerve schwanno-

ma, owing to the presence of high and low cellular regions called 

Antoni A and B areas, respectively (Fig. 4). 

Fig. 1. (A) T2 sagittal magnetic resonance imaging (MRI) showing 
disc space narrowing and protruded disc at the level of L4-5 and L5-
S1. (B) T2 axial MRI showing right partial hemilaminectomy of L5.

Fig. 3. (A) Sciatic nerve and tumor exposed through a transgluteal 
approach. (B) Gross image of the excised tumor.

Fig. 2. Pelvic magnetic resonance imaging (MRI) showing the sciatic 
nerve schwannoma (white arrow). (A) T2 coronal view of the pelvic 
MRI showing an oval, well circumscribed lesion lying posterior to 
the right greater trochanter. (B) The mass was homogeneously low 
signal intensity on T2 coronal view. (C, D) The mass shows a periph-
eral hyperintensity and a homogeneous hypointense center follow-
ing gadolinium enhancement known as a “target sign”.
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The postoperative course was uneventful. Prompt and significant 

decrease of pain (VAS 1/10) and paresthesia were noted allowing 

rapid mobilization. There was no complication or any newly devel-

oped neurological deficits. 

DISCUSSION 

Sciatica is generally referred to pain radiating the leg, usually below 

the knee and into the foot and toes. It tends to approximate the der-

matomal distribution of the affected nerve root, mostly L5, S1 and 

often presents paresthesia and numbness in a similar distribution. 

It may accompany by neurologic deficits such as muscle weakness 

and reflex change. As with lower back pain is terminology for a 

symptom rather than a specific diagnosis and typical pathologies 

included lumbar disc herniation, lumbar canal, or foraminal steno-

sis. Generally, the main cause of the pain is believed to be attribut-

able to the inflammatory changes resulting from irritation or com-

pression of the affected nerve root by its surrounding structures12). 

Another potential diagnosis of sciatica includes spinal tumors, 

spinal epidural abscess/hematoma, myositis ossificans of biceps 

muscle, facet syndrome, lumbar instability, sacroiliitis, sciatic neu-

ritis, and peripheral nerve sheath tumors10). 

The neoplastic involvement of the sciatic nerve has occurred in 

soft tissue malignancies, sarcoidosis, lymphoma, infiltrating inter-

muscular lipomas and fibrolipomatous hamartoma6). Filler et al.7) 

investigated the origin of non-discogenic sciatica in 239 patients 

and reported that sciatic nerve tumors represented only 1.7% of 

all cases. Moreover, the incidence of sciatic nerve schwannoma is 

quite rare that 6 cases per million were reported to occur19,25). Given 

Fig. 4. Histopathology of spindle cells showing hypercelluar (Antoni 
A) and hypocellular (Antoni B) areas (hematoxylin and eosin stain 
[H&E], ×40 magnification).

Table 1. Summary of previous publications describing sciatic nerve schwannoma in last 10 years

Reference Year Gender/
Age

Tumor size 
(cm)

Site of the 
schwannoma

Time to 
diagnosis (months) Type of surgery Result of treatment Follow-up

El Mekkaoui et al.4) 2012 M/34 3 Proximal thigh NI Complete removal Complete recovery 24 months
Haspolat et al.11) 2013 M/60 NI Proximal thigh NI Complete removal Complete recovery 3 weeks
Rhanim et al.21) 2013 M/37 3 Distal thigh 36 Complete removal Complete recovery NI
Chahbouni et al.2) 2014 F/40 5 Proximal thigh NI Complete removal Complete recovery NI
Eroglu et al.5) 2014 F/40 6 Middle thigh 12 Complete removal Complete recovery NI
Mansukhani et al.15) 2015 F/46 2.5 Proximal thigh 48 Complete removal Complete recovery 36 months
Godkin et al.8) 2016 F/40 9 Proximal thigh 8 Complete removal Complete recovery NI
Mezian et al.16) 2017 F/27 4.3 Proximal thigh 48 Complete removal Complete recovery NI
Munakomi and Shrestha17) 2017 F/69 3 Proximal thigh 24 Complete removal Complete recovery 1 month
Naik and Velho18) 2019 M/34 4 Middle thigh 12 Complete removal Complete recovery 6 months
Chagou et al.1) 2020 F/30 2 Proximal thigh 12 Complete removal Complete recovery NI
Maes et al.14) 2020 F/50 7 Distal thigh Several months Complete removal Complete recovery 16 months
Telera et al.24) 2020 F/47 3 Proximal thigh 12 Complete removal Complete recovery 24 months
Telera et al.24) 2020 F/79 7 Distal thigh 6 Complete removal Complete recovery 10 months
Wu et al.27) 2020 M/27 2 Proximal thigh 24 Complete removal Complete recovery NI
This study 2020 F/63 3.7 Proximal thigh 60 Complete removal Complete recovery 3 months

M: male; F: female; NI: not indicated.

the fact that schwannomas have a long subclinical course and pain 

from sciatic nerve schwannoma may simulated sciatica caused by a 

lumbar disc herniation or spinal stenosis, their clinical presentation 

is misleading and could lead to late diagnosis (Table 1). The patient 

in the current case had suffered from sciatic pain for 5 years and 

was performed lumbar decompressive surgery under the diagnosis 
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of spinal stenosis however, sciatica persisted until the removal of 

the sciatic schwannoma. 

A clinical history of a long-lasting radicular pain being unre-

sponsive to pain medication and rest should raise a suspicion of 

non-discogenic sciatica and a peripheral nerve lesion. Especially, 

patients with a negative straight leg raise test coupled with lumbar 

MRI presenting no sign of disc herniation or stenosis should be 

performed ultrasonography or hip MRI. Ultrasonography is useful 

in detecting superficial lesions. Schwannoma usually is detected 

as a hypoechoic solid and well-centered mass being located ec-

centrically on the affected nerve with preservation of its fibrillary 

aspect19). MRI is the gold standard diagnostic tool for peripheral 

nerve sheath tumors. The mass is well circumscribed and shows 

an isointense signal on T1-weighted image (WI), with a peripheral 

hyperintensity and a homogeneous hypointense center on T2-

WI. This characteristic MRI finding called a “target sign” could 

differentiate the schwannoma with neurofibroma, which is usually 

heterogenous on both T1- and T2-WI23). Cystic degeneration may 

be noted, if the tumor is subjected to pressure of injury and it can 

be appeared heterogeneous following gadolinium enhancement 

whereas schwannoma is usually enhanced homogeneously26). 

The physical examination may reveal the palpable lump along 

the course of the sciatic nerve, which may have tenderness with 

a positive Tinel’s sign. The neurologic examination often demon-

strates the absence of motor and sensory deficit unless the mass 

is very large. This is due to the lack of an infiltrative nature of the 

tumor and it also explains the frequent normal findings of EMG 

examination26). Neural tumors associated with neurologic deficit 

should always raise the possibility of malignancy9). 

To expose the sciatic nerve at the sciatic notch or the gluteal re-

gion, a transgluteal or a subgluteal approach is usually employed. 

With the subgluteal approach, prolonged discomfort from retrac-

tion of the soft tissue and the gluteal muscle may ensue. The trans-

gluteal approach could provide a wider surgical corridor up to the 

sciatic notch however, great care should be taken to muscle arter-

ies, which if not adequately cauterized may retract within the pelvis 

leading to profound bleeding24). 

Surgical excision is the treatment of choice for peripheral nerve 

schwannomas. Usually, nerve fascicles stretch over the tumor cap-

sule and extracapsular microscopic resection along with gentle dis-

section of fascicles from the tumor capsule would allow complete 

enucleation with preservation of the nerve continuity. All intact 

fascicles should be identified by using intraoperative stimulation 

which could determine the fascicles that are not functioning, and 

their transection does not usually end up with additional deficits. 

The nerve sheath is opened after a wide exposure and isolated from 

all adjacent neurovascular structures. The entering and exiting fas-

cicles are cautiously identified and divided and the tumor is resect-

ed. In large tumors, it firstly necessitates an intratumor debulking 

and whenever functional fascicles are not possible to dissect from 

the capsule, it could be a better move to leave a residual mass than 

provoke neurologic deficit14). However, it was reported that the ma-

jority of peripheral nerve schwannomas could be removed totally 

without significant neurologic deficits13). 

Schwannomas are composed of 2 histological patterns: Antoni A 

and Antoni B. Antoni A is organized with highly vascular hyper-cel-

lular areas, which are packed with Verocay bodies. It represents a 

circular coalescence of elongated nuclei elongated, spindle-shaped 

cellular nucleus. Antoni B is the area where the cell mass is coarse 

with loose myxoid stroma13). 

It is known that schwannomas have a good prognosis and a low 

incidence of recurrence even when the excision was incomplete24). 

Malignant transformation is uncommon, the risk being approxi-

mated at 1% to 5% in schwannomas3). 

CONCLUSION 

Although sciatic nerve schwannoma presents a rare occurrence, 

it is imperative to take into consideration whenever a patient has 

long-standing sciatic pain without positive findings of lumbar pa-

thologies. MRI imaging of the nerve is mandatory for diagnosing 

the lesion. It is essential to outline the course of the sciatic nerve 

and to delineate the boundary of the mass to preserve the nerve 

fascicles. A standard microsurgical excision under the guidance of 

neurophysiologic monitoring will bring a successful removal of the 

tumor and good postoperative results for the patients.  
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INTRODUCTION 

Interbody fusion using pedicle screws, such as posterior lumbar in-

terbody fusion (PLIF), oblique lumbar interbody fusion, direct lat-

eral interbody fusion, and transforaminal lumbar interbody fusion, 

is a widely used method in the treatment of spinal diseases1,3,5). 

However, complications associated with this procedure include 

adjacent segment disease (ASD), pseudoarthrosis, screw loosen-

ing, and infection2). In cases of ASD, it is common to extend spine 

fusion toward the upper or lower segment; however, there have 

been few reports of complications caused by the removal of previ-

ously inserted pedicle screws. Here, we present a case of vertebral 

compression fracture after removal of pedicle screws in a patient 

Posterior lumbar interbody fusion (PLIF) is a well-known method for treating spinal diseases in 
which adjacent segment disease (ASD) is a representative complication. To correct ASD, poste-
rior fusion is extended to the upper or lower segment, and the previous instruments are re-
moved. However, there have been a few reports of complications after instrument removal. 
Here, we report on a case of compression fracture that occurred without history of trauma af-
ter ASD revision and instrument removal surgery. A 68-year-old woman underwent PLIF at 
L3–5 and was hospitalized for treatment of ASD. She underwent oblique lumbar interbody fu-
sion at L2–3 after removal of the previous screws. One month later, she visited the hospital 
with sudden lower back pain. Plain radiography revealed a compression fracture of L4. The pa-
tient’s pain was relieved after conservative treatment. Our findings show that instrument re-
moval during revision operations should be performed carefully because it can lead to com-
pression fracture without a history of trauma. 

Keywords: Fractures compression; Pedicle screws; Spinal fusion  
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without a history of trauma. 

CASE REPORT 

A 68-year-old woman visited the outpatient clinic with pain in the 

anterior portion of her right thigh. She had a history of PLIF at L3–5 

due to degenerative spinal stenosis in September 2011. She also 

complained of severe neurogenic intermittent claudication and 

was unable to walk more than 50 m. Upon physical examination, 

pain was noted along the right L2 sensory dermatome, and the 

femoral nerve stretch test result was positive. Due to adjacent 

segment degeneration from the previous L3–5 PLIF, a reduction 

in disc height, presence of a radiolucent lesion with vacuum in-
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side the disc space, as well as sclerotic changes in both endplates 

at L2–3 were observed on plain radiograph images (Fig. 1A, 1B). 

Computed tomography revealed a solid bony fusion between L3 

and L5 without evidence of pedicle screw loosening (Fig. 2). Mag-

netic resonance imaging revealed severe foraminal stenosis on the 

right side (Fig. 3). A bone mineral density (BMD) reading showed a 

Fig. 1. Preoperative anteroposterior (A) and lateral (B) radiographs 
showing previous L3-5 interbody fusion state, reduced disc height, 
presence of a radiolucent lesion with vacuum inside the disc 
space, and sclerotic changes in both end plates at L2-3.

Fig. 2. Preoperative lumbar spine computed tomography sagittal 
image showing solid bony fusion between L3 and L5 without evi-
dence of pedicle screw loosening.

Fig. 3. Preoperative magnetic resonance image showing severe fo-
raminal stenosis on the right side of L2-3.

value of -1.5, indicating osteopenia (Fig. 4A, 4B). To treat the right 

leg pain caused by the adjacent segment degeneration in L2–3 af-

ter the patient’s previous PLIF, analgesics were administered, and 

a selective root block was performed. However, as her symptoms 

continued to worsen, revision surgery was performed in February 

2020. Since a solid bony fusion had previously formed between 

L3 and L5, the oblique lumbar interbody fusion of L2–3 was per-

formed after removing the previous instruments (Fig. 5A, 5B). She 

showed good clinical progress and was discharged on postopera-

tive day 14. At 2 months post-discharge, she visited the outpatient 

clinic complaining of sudden low back pain. She had no history of 

trauma, but a compression fracture of L4 was observed on plain 

radiography (Fig. 6A, 6B). On the laboratory test, the leukocyte 

count was 5,850 and C-reactive protein was 0.26, and there were 

no other specific findings. After brace application and teriparatide 

injection, her back pain was relieved, and she was discharged with 

good clinical progress. 

DISCUSSION 

Although spinal fusion is a widely used treatment for various spinal 

diseases, there are a few reports of complications associated with 

the removal of fusion implants. For cases of posterolateral fusion, 

there are several reports of vertebral fractures occurring after screw 

remova8,9,15). In these cases, it was reported that the bending mo-
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ment exerted on the pedicle by the cantilever effect may lead to 

pedicle and vertebral body fracture4,7,9,10,14). However, there have 

been few reports of compression fractures occurring within the 

fused vertebral body through interbody fusion11). The vertebral 

body is thought to withstand the cantilever effect and axial force 

better in cases of interbody fusion than in cases of posterolateral 

fusion because it is the fused anterior column. However, as seen 

in our patient, fractures can also occur inside the fused vertebral 

Fig. 4. Preoperative bone densitometry taken from hip (A) and lumbar spine (B) showed a value of -1.5 indicating osteopenia.

Fig. 5. Postoperative anteroposterior (A) and lateral (B) radiographs 
showing that solid bony fusion had formed between L3 and L5, the 
removal of previous instruments, and an oblique lumbar interbody 

Fig. 6. Anteroposterior (A) and lateral (B) radiographs taken at 1 
month after surgery showing a compression fracture of L4.

mass, suggesting that removal of fusion implants may negatively 

affect patients, even those with interbody fusion. To the best of 

our knowledge, this is the first case report to describe a vertebral 

compression fracture in the center of a fused segment through an 

interbody fusion operation. Mataki et al.11) suggested removing 

pedicle screws while the posterior element is removed due to PLIF 

increases stress on the vertebral body. It is also possible that stress 

shielding–related osteopenia occurred in the patient6,12,13). 
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This case has several implications for the treatment of patients 

with ASD. First, in most cases of ASD, such as in this patient, the 

BMD of the fused vertebral body cannot be directly measured due 

to fusion from previous instrumentation, despite the possibility 

of stress shielding–related osteopenia. Vertebral body osteopenia 

may occur as a result of instrumented spinal fusion. In an exper-

imental environment, osteopenia worsened in proportion to the 

time at which stress shielding occurred6). This suggests that local 

bone quality, especially in cases of a fused vertebral mass, cannot 

be guaranteed in patients undergoing long instrumentation times, 

even in those with healthy BMD. Furthermore even if computed 

tomography can indirectly check bone quality, accurate deter-

mination is difficult when screws are inserted into the vertebral 

body due to metallic artifacts. Kim et al.9) reported that evidence of 

decreased bone quality on plain lumbar radiographs includes an 

overall increase in radiolucency of the vertebral body, loss of tra-

becular bone, thinning of the cortex, and the presence of well-de-

marcated cortical rim. However, given the fact that many factors 

can affect the image quality of plain radiographs, the question 

remains as to whether these findings can be used as a basis for 

prospective judgment. 

CONCLUSION 

Vertebral compression fractures in the center of a fused segment, 

especially in the middle of the fused body in cases of interbody fu-

sion, after removing fusion implants are possible but occur rarely. 

In patients with osteopenia or long periods of instrumentation, 

removal of fusion instruments should be seriously considered, and 

sufficient explanation should be given to the patient.  
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INTRODUCTION 

Ulnar neuropathy involving the cubital tunnel is the second most 

common entrapment neuropathy, following carpal tunnel syn-

drome1). A number of risk factors for the development of cubital 

tunnel syndrome have been suggested, including diabetes mellitus, 

valgus or varus deformity of the elbow, repetitive tasks that require 

protracted elbow flexion, and the repetitive use of vibrating tools13). 

Anconeus epitrochlearis (AE) muscle is a congenital accessory mus-

cle, which originates in the medial epicondyle (ME) of the humerus 

A 24-year-old, right-handed male patient presented with a 1-month history of continuous 
tingling paresthesia involving left medial hand and fingers accompanied by clumsiness of left 
hand and fingers. The pain onset was sudden and marked by a severe aching pain in the medi-
al elbow and medial scapular areas, without any prior cause. Two weeks of excruciating pain 
led to clumsiness of the left hand and fingers gradually occurred. Magnetic resonance imaging 
(MRI) of the left elbow revealed a swollen ulnar nerve with perineural enhancement involving 
anconeus epitrochlearis (AE) muscle within the cubital tunnel. The operation revealed adhe-
sion of the AE muscle to the left ulnar nerve. Open in-situ decompression of the ulnar nerve 
without transposition eventually alleviated the pain and weakness associated with ulnar neu-
ropathy. The patient slowly recovered 6 months after surgery. The AE muscle is a common an-
atomic variation, with a prevalence of up to 34%. However, the prevalence of ulnar neuropa-
thy associated with the AE muscle is unknown. It is a congenital accessory muscle between 
the medial humeral epicondyle and the olecranon covering the posterior aspect of the cubital 
tunnel. It is usually diagnosed intraoperatively and not preoperatively in the absence of no im-
aging studies. The clinical presentation of ulnar neuropathy caused by the AE usually differs 
from idiopathic disease, including younger age at onset, rapid progression with a short dura-
tion of symptoms, and edema of the AE muscle on the MRI. 

Keywords: Cubital tunnel syndrome; Elbow; Peripheral nerves; Ulnar nerve  
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and inserts onto the olecranon (OL) process the ulna. It can be 

found in normal elbows with an incidence ranging between 4% to 

34%7,11). AE is a common variation in the cubital tunnel retinaculum 

of the elbow; however, its association with ulnar neuropathy is rare. 

CASE REPORT 

A 24-year-old right-handed male patient presented with a 1-month 

history of numbness and weakness in his left hand and fingers (Fig. 

1A). Initially, a vague discomfort developed in his left medial elbow 

20



and left hypothenar and the fourth and fifth fingers without any 

precipitating event, followed by severe pain that occurred in the left 

medial elbow and hypothenar area 4th and 5th fingers. The pain 

was marked by severe swelling and aching, associated with numb-

ness and hypersensitivity. For several days, pain also radiated to the 

left medial scapular area. During the first week of symptom onset, 

the severe pain prevented his left hand and arm completely. The 

pain interfered with sleep. The patient’s initial treatment included 

painkillers obtained from a pharmacy, followed by a visit to nearby 

hospitals; however, no specific diagnosis was established. The pa-

tient’s severe pain persisted. The finger movement became clumsy, 

which was misinterpreted suggesting that the hand and fingers 

could not be used due to severe pain in the medial hand and fin-

gers. Magnetic resonance imaging (MRI) findings of the cervical 

spine were unremarkable and the patient was referred for further 

evaluation. 

Neurologic examination revealed the moderate weakness of the 

flexor digitorum profundus in the fourth and fifth fingers (grade 

3/5). Abduction and adduction of the fingers were weak, which 

prevented any attempt to cross the middle finger over the index 

finger. Both Froment’s and Wartenberg’s signs were positive. His 

sensations to light touch and pinprick were decreased in the left 

hypothenar area and the little and ulnar aspects of the ring finger. 

Mild allodynia to light touch was observed in the painful area. No 

pain (spontaneously or evoked) was elicited by passive movement 

of the elbow joint. No Tinel’s sign or tenderness overlying the ulnar 

nerve was detected in the cubital tunnel. The patient complained 

of persistent tingling paresthesia involving the medial wrist, hand, 

and little finger. 

The electrophysiological study performed at the hospital where 

he was previously treated revealed acute ulnar neuropathy around 

the left elbow without mention of denervation. Because clinical 

and electrophysiological findings were consistent with acute ulnar 

neuropathy at the elbow with advanced motor signs, an MRI of 

the elbow was requested. MRI of the left elbow revealed diffuse 

swelling of the left ulnar nerve at and distal to the cubital canal (Fig. 

1B-D). The left ulnar nerve was compressed against ME by the AE 

muscle at the level of the cubital tunnel. Mild perineural enhance-

ment of the left ulnar nerve just distal to the cubital tunnel was 

observed (Fig. 1C, D). Laboratory parameters including erythrocyte 

sedimentation rate, C-reactive protein, rheumatoid factor, antinu-

clear antibody, and creatinine kinase were normal. Considering the 

course of ulnar nerve palsy and abnormal MRI findings, an explo-

ration of the ulnar nerve was performed. 

Fig. 1. Pain distribution and magnetic resonance imaging (MRI) findings of cubital tunnel syndrome associated with anconeus epitroch-
learis (AE). (A) Pain distribution. Black area denotes the painful area with paresthesia and allodynia. (B) Sagittal (left) and coronal (right) 
T2-weighted images of the left elbow showing the ulnar nerve (arrowheads) compression by AE (arrows), with increased signal intensity 
of the nerve, suggesting intraneural edema. (C) Axial fat-suppression T2-weighted MRI (left) reveals compression of the swollen ulnar 
nerve (arrowhead) by the AE (arrow). (D) Enhanced, axial T1-weighted images of the lesion immediately distal to the cubital tunnel. Mild 
perineural enhancement was observed in the surrounding flexor carpi ulnaris muscle. ME: medial epicondyle; OL: olecranon.
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During the surgery, the fibrous facial layer (Osborne’s ligaments) 

over the cubital tunnel was not thickened or hypertrophied. The 

ulnar nerve was swollen with a slightly rubbery consistency (Fig. 

2A). The adhesion between the ulnar nerve and AE muscle was 

found and dissected (Fig. 2B). The AE was excised and the ulnar 

nerve was distally dissected along its course to the flexor carpi ul-

naris muscle. Although postoperative course was uneventful, the 

rate of recovery from ulnar neuropathy was not as fast as expected. 

The pinch and grip strength of the left hand and fingers did not 

show any improvement despite improvement in paresthesia until 

two months postoperatively. Then, the pinch and grip strength was 

gradually recovered with minimal paresthesia in the fifth finger and 

hypothenar area at 6 months postoperatively. No evidence of ulnar 

neuropathy was detected at 12 months postoperatively. 

DISCUSSION 

1. AE Muscle 
AE is a small triangular muscle originating in the ME of the hu-

merus, inserting laterally on the OL and proximal posterior surface 

of the ulnar12). Its anatomic course is similar to that of the cubital 

tunnel retinaculum. It was postulated that the cubital tunnel reti-

naculum is the remnant of the AE muscle7). It expands and initiates 

the extension of the elbow and is regarded as a continuation of 

the triceps brachii muscle and enables extension of the forearm7). 

Thus, AE protects the ulnar nerve and assists the triceps muscle in 

preventing subluxation of the ulnar nerve. In contrast to the triceps, 

this muscle is innervated by a branch of the ulnar nerve9,11). The 

AE, when present, forms the roof of the cubital tunnel, replacing 

Osborne’s ligament13). It was suggested that Osborne’s ligament is a 

fibrous remnant of the AE that remains after the muscle regresses5). 

The anconeus muscle occupies more space than the typically pres-

ent Osborne fascia6). The prevalence of this anomalous muscle is 

estimated to be 3% to 34% based on cadaveric and imaging studies 

and is often found bilaterally6,7,9,11). 

2. AE and Cubital Tunnel Syndrome 
The AE muscle exerts a compressive force on the ulnar nerve and 

its association with cubital tunnel syndrome has long been report-

ed9,11). Although the AE is a common anatomical variation of the 

elbow, the prevalence of cubital tunnel syndrome due to AE is un-

known4,9). Its association with cubital tunnel syndrome is generally 

detected during operation, not preoperatively4). It was suggested 

that ulnar neuropathy associated with AE might be dynamic rather 

than static compression and exhibited different clinical character-

istics compared with idiopathic cubital tunnel syndrome including 

more rapid progression, younger age at onset, and shorter duration 

of symptoms2,4,9). 

The current case also appeared as a sudden outbreak in young 

patients, as previously reported. The neurophysiological findings of 

ulnar neuropathy associated with AE also differ from those involv-

ing patients with idiopathic cubital tunnel syndrome2,3). Velocity 

drop or conduction block of the ulnar nerve indicating the sub-

acute onset of symptoms is common rather than chronic demye-

lination generally seen in idiopathic ulnar neuropathy2,3). 

Ultrasound and MRI are reliable imaging modalities used to 

show structural abnormalities of the cubital tunnel and can reveal 

the causes of secondary ulnar neuropathy and anatomical variants, 

as in the current patient. Edema of the AE in the MRI was associat-

ed with medial elbow pain8). In the MRI of the present case, the AE 

size was not large enough to directly compress the ulnar nerve, but 

close adhesion with the nerve was suspected (Fig. 1). The adhe-

sions between the AE and the ulnar nerve were confirmed by surgi-

cal findings (Fig. 2). The ulnar nerve was swollen. A weak perineu-

ral enhancement of the ulnar nerve and flexor carpi ulnaris muscle 

was observed in the distal cubital tunnel. However, it is not known 

exactly whether this perineural enhancement is pathognomonic 

for ulnar neuropathy triggered by AE. 

3. Treatment of Ulnar Neuropathy Associated with AE 
Complete excision of the AE is widely accepted as the definitive 

Fig. 2. Intraoperative findings during decompression of the left cubital tunnel. (A) The left ulnar nerve (arrowhead) is compressed by the 
anconeus epitrochlearis (AE) muscle (arrows) within the Osborne’s ligament. (B) The left ulnar nerve (arrowhead) is decompressed follow-
ing resection of the Osborne’s ligament and the AE muscle (arrows). MABC: medial antebrachial cutaneous nerve; ME: medial epicondyle.
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treatment for the ulnar neuropathy associated with AE, but wheth-

er to transpose the ulnar nerve remains controversial10). Several 

treatment options have been suggested including muscular release 

or complete excision with in-situ decompression of the ulnar nerve 

and complete excision of the muscle with transposition of the ulnar 

nerve to prevent subluxation4), depending on the surgeon’s deci-

sion about the extent of neurolysis to prevent dislocation of the ul-

nar nerve and the extent of muscle excision. More rapid and com-

plete recovery with a low incidence of recurrence than idiopathic 

cubital tunnel syndrome is a common finding in most studies 

investigating the AE muscle4,8-11,13). However, in the current case, the 

recovery was not prompt as reported in prior cases. The first sign of 

improvement was not observed until two months postoperatively. 

Based on our single case study, it is difficult to explain the delayed 

recovery. 

Although excision of the AE in patients with cubital tunnel 

syndrome has been accepted as the definitive treatment, it was 

suggested that the AE prevents the development of cubital tunnel 

syndrome13). Wilson et al.13) reported a 5.4% prevalence of AE in 

patients with symptomatic cubital tunnel syndrome in their ret-

rospective cohort study. It was significantly less than the reported 

prevalence (15.5%) of AE in asymptomatic patients13). Another ret-

rospective cohort study by Maslow et al.9) reported similar results. 

The overall institutional prevalence of AE was 13.6% compared 

with a prevalence of 4.5% in operative patients with cubital tunnel 

syndrome9). It was suggested that AE is less rigid than the more 

common fascial layer of Osborne and may provide a more forgiving 

roof to the cubital tunnel and actually be more protective against 

the development of cubital tunnel syndrome13). Therefore, cubital 

tunnel syndrome is associated with AE when the muscle is hyper-

trophied or edematous13). Prior case reports hypothesized that ul-

nar neuropathy associated with AE may involve dynamic compres-

sion within the cubital tunnel because it is a muscular structure4). 

A more comprehensive study investigating the pathophysiology 

of cubital tunnel syndrome caused by AE is warranted in the near 

future. 

CONCLUSION 

The manifestations of ulnar neuropathy associated with AE differ 

from those of idiopathic cubital tunnel syndrome. They include 

younger age at onset, more rapid progression with a shorter du-

ration of symptoms, neurophysiologic findings of velocity drop or 

conduction block of the ulnar nerve, and perineuritis and edema 

of AE on MRI. Therefore, when ulnar neuropathy due to cubital 

tunnel syndrome is suspected in young patients with rapid progres-

sion, an imaging study is essential to identify the structural lesion 

around the cubital tunnel. 
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INTRODUCTION 

Herniation of the spinal cord specifically presents at the thoracic lev-

el through a ventral dural defect without a definite pathophysiology 
1,5-7). Since its initial description by Wortzman et al. 12) in 1974, more 

patients have been diagnosed recently because both technical quality 

and accessibility to magnetic resonance imaging (MRI) have increased 
3,7,11). Its clinical symptoms show progressive myelopathy including 

Brown-Sequard syndrome because the location of the cord herniation 

is at the ventral portion. About two-thirds of cases occur in female pa-

tients with an insidious symptom onset3). Spinal cord reposition and 

dural defect repair with an artificial dura are the best surgical options. 

We introduce a case of idiopathic spinal cord herniation (ISCH) at 

T4-5 level successfully managed with surgical treatment, spinal cord 

reposition, and dural defect repair. After reposition was done, en bloc 

laminoplasty at the T4-5 level was also performed to prevent cerebro-

spinal fluid (CSF) leakage with compression and preserve the function 

of muscles to reattach at the lamina, thus protecting from the outside 

Idiopathic spinal cord herniation (ISCH) is a rare disease. It especially occurs at the thoracic level 
through a ventral dural defect without a definite pathophysiology. More patients have been diag-
nosed recently because both technical quality and accessibility to magnetic resonance image have 
increased. Symptoms of ISCH are related to anterior cord syndrome due to the location of cord her-
niation in the ventral portion. Progressive myelopathy and complete or partial Brown-Sequard syn-
drome are also commonly observed. Spinal cord reposition or dural defect repair are treatments of 
choice. We present a case of ISCH at T4-5 level of a patient whose symptom of chronic back pain 
turned into Brown-Sequard syndrome. It was managed with surgical treatment, spinal cord reposi-
tion, and dural defect repair with an artificial dura patch. En bloc laminoplasty was also performed 
to prevent deformity and CSF leakage. 
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environment after recovery from surgery. 

CASE REPORT 

A 42-year-old male without any underlying disease suffered from pro-

gressive motor weakness and paresthesia. The patient complained 

about his deteriorated symptoms for five months. These deteriorated 

signs were progressive paresthesia, loss of temperature, sensation for 

pain in his left lower extremities, and decreased motor grade on his 

right side. In physical examination, the patient’s motor grade was 4~4+ 

on both side which makes the patients hard to ambulate. Decreased 

right foot dorsiflexion with a grade of about 3 was also observed. Elec-

tromyography performed for intraoperative monitoring (IOM) before 

surgical treatment suggested a central conduction defect on both lower 

extremities. A cervicothoracic junction 

MRI revealed ISCH at the T4-5 level and CSF collection at dilatated 

subarachnoid space. Both MRI and computed tomography (CT)-my-
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elography was performed after admission for evaluation (Fig. 1, 2). Un-

der general anesthesia, neuromonitoring with motor evoked potentials 

(MEPs) and somatosensory evoked potentials (SEPs) was put in place 

and the patient was turned into a prone position. After identification 

of the thoracic level with a C-arm, total laminectomy was performed 

with a bone scalpel at T4 and T5 levels. Under the microscope, the 

dura was opened sagittally. After cutting ipsilateral dentate ligaments 

and carefully pushing spinal cord towards the contralateral side, spinal 

cord herniation and dural defect were visible through the microscope. 

Oval-shaped about 2 cm size dural defect and cord herniation without 

inflammation or adhesion was observed at the ventral portion of the 

spinal cord. The margin was soft and there was no sign of spinal cord 

swelling. Using a micro-dissector, a dural defect was explored and 

reposition of the herniated spinal cord was performed carefully. An 

artificial dura was overlapped intradurally to cover the dural defect (Fig. 

3). Due to the size of dural defect, we decided to overlapping the defect 

with an artificial dura instead of a suture. After overlapping, the dura 

incision was closed tightly with a continuous suture. No MEP or SEP al-

teration was noted during the entire procedure. Preserving the muscle’s 

function by reattaching the muscle to the reinserted bone after surgery 

for protection from external injury was considered (Fig. 4). 

Symptoms were improved after surgery. Paresthesia and motor 

weakness were improved and the patient was discharged 7 days after 

the surgery. When the patient came to the hospital after discharge, 

there was no neurologic deficit postoperatively. MR image at the fol-

low-up showed no recurrence of spinal cord herniation (Fig. 5). 

DISCUSSION 
Although ISCH is a rare disease, its diagnosis and treatment are import-

Fig. 1. Imaging features of idiopathic spinal cord herniation. Magnetic 
resonance imaging T2 sequence showed a fluid collection at the dorsal 
portion of the T4-5 level with a sharp angulation of the thoracic cord 
suggesting ventral protrusion of spinal cord.

Fig. 2. Sagittal and axial computed tomography myelogram images 
demonstrating sharp angulation of the thoracic cord, cerebrospinal fluid 
collection, and widening of the dorsal subarachnoid space.

Fig. 3. Intraoperative view under a microscope. Herniation of spinal cord 
and dural defect are also observed. Oval-shaped 2 cm size dural defect 
and herniation were observed and there was no sign of adhesion or in-
flammation and spinal cord swelling.

Fig. 5. Simple pictures for intraoperative view while overlapping the dura. 
The dura was wrapped with artificial dura. After wrapping, the dura was 
tightly sutured with continuous suture to prevention recurrence.

Fig. 4. Simple pictures for intraoperative view while overlapping the dura. 
The dura was wrapped with artificial dura. After wrapping, the dura was 
tightly sutured with continuous suture to prevention recurrence.
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ant because it is one of the spinal cord lesions that could be cured with 

surgical repositioning and dura repair. Diagnosis is usually done with 

MRI. CT-myelography can also be used based on radiographic features 

such as ventral herniation of the spinal cord, abnormal dilatation of the 

subarachnoid space, and contracture or torsion the spinal cord 1). 

Most clinical manifestations observed in other cases are ipsilateral 

hemiparesis with sensory loss and vibration, loss of pain and tempera-

ture at the contralateral side, and Brown-Sequard syndrome. Some 

cases of bilateral motor weakness and bowel and bladder dysfunction 

have been reported 1). In the present case, the patient’s initial clinical 

manifestation was a loss of sensory on the left side due to dysfunction 

of the lateral spinothalamic tract and progressive spinal cord herniation 

induced motor weakness of lower extremities. However, proprioception 

and vibration were relatively intact because the posterior portion of the 

cord was affected after the progression of the spinal cord herniation. 

The pathophysiology of ISCH remains unclear. A few theories have 

been suggested. In these theories, the critical point is how dural defects 

are formed. A history of trauma may be the reason for ISCH. This was 

first reported by Tekkök 11). The author explained that a traumatic event 

35 years ago might not have a large impact on the dural defect. 

Repetition of minor trauma might cause ISCH 3). However, it has not 

been reported yet. Most cases of ISCH are related to subarachnoid cysts 

because abnormal dilatation of the subarachnoid space is considered 

to be the result of cord herniation. Erosion of the dura due to com-

pression has been reported as a cause of ISCH 2,8). Another theory is a 

congenital defect of meninges. However, all cases reported in the past 

did not detect any spinal anomaly at other spine levels. Duplication of 

meninges in the inner layer at the ventral portion causing herniation 

and incarceration is also another theory10), but there is no affirmation of 

radiological or pathophysiological evidence. 

Progression of the spinal cord herniation is sustained after the cord is 

placed on the dural defect point and adhesion is started 4). Due to con-

necting of the subarachnoid and epidural space, CSF can move into the 

cyst by pulsation. When adhesion between the defect and cord is com-

pleted, the pulsatile CSF can push the cord out of the dura, resulting in 

spinal cord herniation 9,12).  

Although several theories exist, its exact pathophysiology is still un-

known which makes this patient’s cause of cord herniation uncertain. 

But we anticipated that repeated minor trauma which the patient did 

not recognize might cause cord herniation because there was no sign 

of inflammation and specific medical or trauma history. 

Thoracic spinal cord herniation has a couple of common characteris-

tics, including ventral herniation at levels T2-8 and subarachnoid cysts. 

Although the prevalence of ISCH at the thoracic level is still an ongoing 

debate, its common physiologic characteristics are thought to be kypho-

sis and limited mobility compared to cervical and lumbar levels 12). 

The treatment of choice for an ISCH includes repositioning of the 

cord and repair of the dural defect with surgery. When repairing the 

dural defect, we used an artificial dura to overlap the defective area. 

However, depending on the size and shape, the dural defect may be 

sutured without overlapping. Also, a recovered neurologic deficit was 

observed after surgery. 

CONCLUSION 
ISCH is not a common disease. With improving the quality of imag-

ing tools, it should be considered more for progressive myelopathy 

patients. Although progressive severe myelopathy might occur, it can 

be treated with surgical repositioning. Laminoplasty following a cord 

reposition and dura repair seems to be promising and helpful for 

preventing CSF leakage and potential deformity, protecting from envi-

ronmental forces, and insulating against muscle hypotrophy following 

laminectomy. 

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

REFERENCES 
1. Bhatia K, Madhavan A, Coutinho C, Mathur S: Idiopathic spinal 

cord herniation. Clin Radiol 75:721–729, 2020 

2. Borges LF, Zervas NT, Lehrich JR: Idiopathic spinal cord hernia-

tion: a treatable cause of the Brown-Sequard syndrome-case re-

port. Neurosurgery 36:1028–1032, 1995 

3. Carter BJ, Griffith BD, Schultz LR, Abdulhak MM, Newman DS, 

Jain R: Idiopathic spinal cord herniation: an imaging diagnosis 

with a significant delay. Spine J 15:1943–1948, 2015 

4. Dix JE, Griffitt W, Yates C, Johnson B: Spontaneous thoracic spinal 

cord herniation through an anterior dural defect. AJNR Am J Neu-

roradiol 19:1345–1348, 1998 

5. Ghali MGZ, Srinivasan VM, Rao VY, Omeis I: Idiopathic thoracic 

spinal cord herniation. J Clin Neurosci 51:1–5, 2018 

6. Haber MD, Nguyen DD, Li S: Differentiation of idiopathic spinal 

cord herniation from CSF-isointense intraspinal extramedullary 

lesions displacing the cord. Radiographics 34:313–329, 2014 

7. Imagama S, Matsuyama Y, Sakai Y, Nakamura H, Katayama Y, Ito 

Z, et al.: Image classification of idiopathic spinal cord herniation 

based on symptom severity and surgical outcome: a multicenter 

study. J Neurosurg Spine 11:310–319, 2009 

8. Isu T, Iizuka T, Iwasaki Y, Nagashima M, Akino M, Abe H: Spinal 

cord herniation associated with an intradural spinal arachnoid 

cyst diagnosed by magnetic resonance imaging. Neurosurgery 

29:137–139, 1991 

9. Nakazawa H, Toyama Y, Satomi K, Fujimura Y, Hirabayashi K: Id-

iopathic spinal cord herniation. Report of two cases and review of 

the literature. Spine (Phila Pa 1976) 18:2138–2141, 1993 

10. Sasani M, Ozer AF, Vural M, Sarioglu AC: Idiopathic spinal cord 

herniation: case report and review of the literature. J Spinal Cord 

Med 32:86–94, 2009 

11. Tekkök IH: Spontaneous spinal cord herniation: case report and 

review of the literature. Neurosurgery 46:485–491, 2000 

12. Wortzman G, Tasker RR, Rewcastle NB, Richardson JC, Pearson 

FG: Spontaneous incarcerated herniation of the spinal cord into a 

vertebral body: a unique cause of paraplegia. Case report. J Neuro-

surg 41:631–635, 1974

www.thenerve.net

Tae Woong Bae, et al.   Idiopathic Spinal Cord Herniation

26

https://doi.org/10.1016/j.crad.2020.04.013
https://doi.org/10.1016/j.crad.2020.04.013
https://www.ncbi.nlm.nih.gov/pubmed/7791969
https://www.ncbi.nlm.nih.gov/pubmed/7791969
https://www.ncbi.nlm.nih.gov/pubmed/7791969
https://doi.org/10.1016/j.spinee.2015.04.013
https://doi.org/10.1016/j.spinee.2015.04.013
https://doi.org/10.1016/j.spinee.2015.04.013
https://www.ncbi.nlm.nih.gov/pubmed/9726480
https://www.ncbi.nlm.nih.gov/pubmed/9726480
https://www.ncbi.nlm.nih.gov/pubmed/9726480
https://doi.org/10.1016/j.jocn.2017.10.090
https://doi.org/10.1016/j.jocn.2017.10.090
https://doi.org/10.1148/rg.342125136
https://doi.org/10.1148/rg.342125136
https://doi.org/10.1148/rg.342125136
https://doi.org/10.3171/2009.4.spine08691
https://doi.org/10.3171/2009.4.spine08691
https://doi.org/10.3171/2009.4.spine08691
https://doi.org/10.3171/2009.4.spine08691
https://doi.org/10.1097/00006123-199107000-00027
https://doi.org/10.1097/00006123-199107000-00027
https://doi.org/10.1097/00006123-199107000-00027
https://doi.org/10.1097/00006123-199107000-00027
https://www.ncbi.nlm.nih.gov/pubmed/8272972
https://www.ncbi.nlm.nih.gov/pubmed/8272972
https://www.ncbi.nlm.nih.gov/pubmed/8272972
https://doi.org/10.1080/10790268.2009.11760757
https://doi.org/10.1080/10790268.2009.11760757
https://doi.org/10.1080/10790268.2009.11760757
https://doi.org/10.1097/00006123-200002000-00044
https://doi.org/10.1097/00006123-200002000-00044
https://doi.org/10.3171/jns.1974.41.5.0631
https://doi.org/10.3171/jns.1974.41.5.0631
https://doi.org/10.3171/jns.1974.41.5.0631
https://doi.org/10.3171/jns.1974.41.5.0631


© 2021 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.

INTRODUCTION 

Yaşargil12) has brought a paradigm shift to neurosurgery with 

the use of the microscope. Recent advances in radiosurgery and 

endoscopic surgery have challenged in microscopic surgery in 

the neurosurgical field. However, the more these challenges, the 

more experienced and technologies are being accumulated and 

developed. Through this, the accuracy of surgery is gradually im-

proving. In addition, navigation systems have improved accuracy 

during surgery and indocyanine green (ICG) angiography has 

rendered the process easier4,7,11). Furthermore, intraoperative com-

puted tomography (CT) and magnetic resonance imaging (MRI) 

have been used to provide safer and more accurate treatment for 

patients5,8,10). Herein, our experience of surgery on a patient using 

Yaşargil has brought a paradigm shift to neurosurgery with the use of the microscope. Recent 
advances in radiosurgery and endoscopic surgery have challenged in microscopic surgery in 
the neurosurgical field. However, the more these challenges, the more experienced and tech-
nologies are being accumulated and developed. Through this, the accuracy of surgery is grad-
ually improving. In addition, navigation systems have improved accuracy during surgery and 
indocyanine green (ICG) angiography has rendered the process easier. Furthermore, intraoper-
ative computed tomography and magnetic resonance imaging have been used to provide safer 
and more accurate treatment for patients. Herein, our experience of surgery on a patient using 
the above-mentioned modalities with real-time ultrasound is reported. 

Keywords: Indocyanine green; Microscopy; Neurosurgery; Ultrasonography; Ultrasonography 
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the above-mentioned modalities with real-time ultrasound is re-

ported. 

CASE REPORT 

The patient underwent surgery in 2013 for a posterior fossa heman-

gioblastoma. There was no recurrence after gross total resection 

until a 2-year follow-up MRI. And the patient lost to follow-up. The 

patient revisited the outpatient department 2 years later due to a 

recent experience of dizziness and ataxia. The MRI showed local 

recurrence of hemangioblastoma (Fig. 1); therefore, a reoperation 

was planned. 

Sub-occipital craniectomy was performed with the patient in the 

concord position. Upon opening the dura adhesion with arachnoid 
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membrane, cerebrospinal fluid (CSF) was gushed out and the cere-

bellum was sunken down causing displacement of the cerebellum 

and tumor; the location was different from that identified using 

the navigation system. The location of the tumor was confirmed 

using real-time ultrasound. Three-dimensional (3D) reconstruc-

tion was performed with the ultrasound to overlap the navigation 

system and confirm the location of the tumor. After the CSF was 

drained, it was confirmed that the tumor was displaced by as little 

as 1 cm and as much as 3 cm compared to the preoperative MRI 

(Fig. 2). The extent of the tumor was confirmed, and the dura was 

widely opened to expose the tumor. Under the microscope, many 

red vessels were observed on the surface of the tumor (Fig. 3). The 

vascularity of the tumor was identified using ICG angiography. The 

tumor was hypervascularity, however, determining the exact posi-

tion of the feeding artery was difficult due to obstruction by the cer-

ebellar parenchyma (Fig. 4). We used real-time doppler ultrasound 

to find the feeding artery to the superior margin of the tumor, and 

there were no other feeders (Fig. 5, Supplementary Video 1). After 

blocking the main feeding artery passing over the tumor superiorly, 

ICG angiography was performed again. The vascularity was signifi-

cantly reduced (Fig. 6). It was judged that all the main feeders were 

blocked and coagulated, and the tumor was removed en-bloc. After 

controlling bleeding at the tumor removal site, the operation was 

completed with primary wound closure. There were no adverse 

Fig. 1. Preoperative magnetic resonance imaging. In the preopera-
tive image, a highly enhancing mass was observed in the posterior 
fossa with a cystic portion in the mass and another cystic portion 
in the ventral area of the main mass.

Fig. 2. Intraoperative real-time ultrasound with neuronavigation. Intraoperative ultrasound image overlaid on preoperative magnetic res-
onance imaging. After cerebrospinal fluid was drained, brain shift occurred and the position of the tumor was confirmed using real-time 
ultrasound.
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Fig. 3. Microscopic view of the tumor. Many vessels red in color were 
observed on the surface of the tumor under the microscope.

Fig. 7. Postoperative magnetic resonance imaging. After the sur-
gery the enhancing lesion was completely removed.

Fig. 5. Feeding artery identified using real-time doppler ultrasound. 
The main feeding artery was identified using doppler ultrasound 
before tumor resection and the vessel traveling at the superior 
margin of the tumor was identified and coagulated.

Fig. 6. Final indocyanine green angiography. After blocking the feed-
ing artery, the enhancing portion was significantly reduced com-
pared to before blocking.

Fig. 4. Initial indocyanine green (ICG) angiography. The vascularity 
of tumor was confirmed very high based on ICG angiography.

events during the surgery. The gross total resection of the tumor 

was confirmed on postoperative MRI (Fig. 7). The patient was dis-

charged without any other complications. 

DISCUSSION 

Neurosurgery is a complicated field of surgery and requires elab-

orate work with the major focus being on patient safety. Various 

modalities such as intraoperative neuro-monitoring, neuronav-
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igation system, fluorescence, and ICG angiography are used. 

Intraoperative CT and MRI aid in reducing various risks that may 

occur during surgery5,8-10). However, examination of CT and MRI 

scans require a considerable amount of time and scans cannot be 

performed during surgery. In addition, cost-effectiveness is debat-

able3). Real-time ultrasound can help overcome these problems. It 

can be applied at a relatively low price, and results can be obtained 

by conducting inspections in a short time. Recently, several stud-

ies have introduced surgery using ultrasound. Manfield and Yu6) 

reported that the ultrasound-guided external ventricular drainage 

is very feasible, and Della Pepa et al.1) reported that the meningi-

oma feature could be predicted using ultrasound. Dellaretti and 

Ronconi2) Introduced arteriovenous malformation surgery using 

doppler ultrasound. As in the present case, real-time ultrasound 

can help identify vascular lesions allowing early identification of 

the arterial feeders, thus providing the surgeon with an overall im-

pression of the flow dynamics. In posterior fossa surgery, as in this 

particular case, the brain shift due to the CSF drain is inevitable. 

The ultrasound probe is larger in size than the conventional mi-

crosurgical instrument, so there is a limit to work in the operative 

field frequently. However, the use of neuronavigation solves the 

problem of the bulky ultrasound probe. Once a 3D image is con-

structed with an ultrasound probe and overlayed on the MRI of the 

navigation system, the overlayed ultrasound image can be checked 

simply using the navigation probe. It can perform image-guided 

surgery in real-time not inferior to intraoperative MRI. The combi-

nation of neuronavigation and Real-time ultrasound for resection 

of posterior fossa tumor resection can provide valuable intraopera-

tive information of the location and resection level of the lesion, so 

it can maximize the extent of resection of the tumor and minimize 

the complication. 

Methods 
We used the Zeiss KINEVO microscope (Carl Zeiss Meditec, 

Oberkochen, Germany), Kick neuronavigation system (BrainLab 

AG, Munich, Germany), and BK5000 ultrasound system (BK Medi-

cal, Herlev, Denmark) for this study. 

CONCLUSION 

Real-time ultrasound can be used with a navigation system and 

microscope to provide synergetic benefits for microscopic surgery. 

The combination of methods can help make surgery more accu-

rate and safer. Also, improved medical services can be provided to 

patients. 
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Peripheral Nervous System, and electrically published 
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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 
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by International Committee of Medical Journal Editors 
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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 

when used in tables, figures, or illustrations.

2. All units should be given in metric system (The Interna-

tional System of Units: SI 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

There are no submission fees required regardless of the type 

of article.

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, Intro-

duction, Case description, Discussion, and References. Also, 

case reports should have fewer than nine authors. Manu-

script 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 

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 
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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 

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: refer-

ence10,16-19)

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 YJ, 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 

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 *, †, ‡, §, ∥. 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 
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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. 

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 usually due to lack of 

understanding rather than fraudulent intent.

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-
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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-

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.

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 
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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 ICMJE 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 

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-

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 
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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.

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.

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.

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) 
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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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Title of article:               

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’

Manuscript for the Nerve Check List

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-
ments for Original Articles, 3,000 words for Case Reports including references.

□
YSE
□

NO
□

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. □

YSE
□

NO
□

2. Case Report: title page, inner title page, abstract, introduction, case report, dis-
cussion, conclusion, references, table, and figure legends.

Language. Text should be written in fluent, plain, readable American or English-style 
English. Proof reading is done.

□
Acceptable  
□

Inadequate
□

All pages are numbered in sequence, starting with the abstract page. □
YSE
□

NO
□

Title page:  

Components. The title page must contain all of the followings; clear title, name and 
affiliation of all authors, information of the corresponding author (address, tele-
phone number, fax number, and e-mail address), type of the article (review article, 
research paper, clinical article, case report) and any conflict of the interest.

□
Complete
□

Incomplete
□

Running head must be included consisting of no more than 65 characters/spaces. □
YSE
□

NO
□

External title page should be a separate file. □
YSE
□

NO
□

Inner title page:  

Only title of the manuscript is listed. Any information on the authors and corre-
sponding author is not shown on the inner title page.

□
YSE
□

NO
□

Abstract:  

Words count. Abstract should have no longer than 250 words for Original Articles 
and 200 words for Case Reports.

□
YSE
□

NO
□

Abstract includes Objective, Methods, Results and Conclusion in Original articles □
YSE
□

NO
□

Key words. Up to six keywords or phrases are suitable for use and the selection of 
Key words is based on MeSH.

□
YSE
□

NO
□
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Check points Author Editorial Staff

Text:  

Format. Text is written in 11 point fonts with double line spacing and 3cm as mar-
gins on an A4 paper.

□
YSE
□

NO
□

Headings. Do provide appropriate headings and subheadings with the following 
hierarchy: 14 point BOLD CASE , 13 point case, 11 point Italics

□
YSE
□

NO
□

Figures and tables. Cite in numerical order as they are first mentioned in the text. □
YSE
□

NO
□

References:  

Style. References are described following the rules of The Nerve
□

YSE
□

NO
□

Tables, Figures and Illustrations:

Table style. Table style should follow the conventional rules of The Nerve. Tables 
should be self-explanatory, and the data they contain must not be duplicated in the 
text or figures.

□
YSE
□

NO
□

Figures are prepared in separate files (JPG or TIF) and submitted individually not 
being incorporated into one files.

□
YSE
□

NO
□

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 
are not provided at the initial phase of submission.

□
Acceptable  
□

Inadequate
□

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-
scription of dyeing method and magnification for histological figure should be pro-
vided.

□
YSE
□

NO
□

Submission:

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@
catholic.ac.kr) and corresponding author should indicate that he (she) takes full 
responsibility of authorship from all authors.

□
YSE
□

NO
□

Author check list form is submitted with the manuscript. □
YSE
□

NO
□

Date: ______________________________

Editorial office use only

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

Date: ______________________________
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Copyright Transfer 
Agreement

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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