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Introduction 1 

 Neurofibromatosis Type 1 (NF-1) is one of the most common autosomal dominant 2 

disorders in humans,[1] affecting 1 in 3,000 individuals, although about 50% of these cases 3 

arise sporadically as new mutations.[2] To diagnoses the disease, 2 or more of these major 4 

criteria must be present:  6 or more café au lait spots, axillary or inguinal freckling; 2 or 5 

more cutaneous neurofibromas; 1 plexiform neurofibroma; characteristic bony lesions 6 

(pseudarthrosis, sphenoid wing hypoplasia, severe kyphoscoliosis); an optic glioma; 2 or 7 

more iris Lisch nodules; or a first-degree relative with NF-1.[3] Patients with spinal 8 

neurofibromatosis have been reported as a subgroup of NF-1, in which all spinal tumors 9 

removed or biopsied were neurofibromas.[4, 5] 10 

 Ganglioneuromas are rare, slow-growing, benign tumors. They usually arise from 11 

pluripotential neural crest cells and are closely related to the embryological development of 12 

the sympathetic nervous system.[6] Generally, ganglioneuromas are unilateral and solitary; 13 

multiple occurrences and the association with NF-1 are very unusual features. To the best of 14 

our knowledge, only five cases of cervical ganglioneuromas causing myelopathy associated 15 

with NF-1 have been reported in the English literature,[7-10] with only three of those cases 16 

having a bilateral, symmetrical dumbbell appearance.[7-9] Moreover, there have been no 17 

reports on the co-existence of ganglioneuromas and neurofibromas in the cervical spine. We 18 

present a patient with bilateral, symmetrical cervical dumbbell ganglioneuromas and 19 

intradural neurofibromas causing myelopathy. 20 

 21 

Case report 22 

 A 20 year-old man presented with difficulty walking, numbness in both hands, 23 

alternating constipation and urinary retention for two years, and a gradually progressive 24 

gait disturbance and weakness of both arms. He was admitted to our hospital after he 25 
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stumbled over a rock and fell. Preoperative examination revealed mild tetraplegia and 26 

hyperesthesia under the C3 area. He could perform the one leg standing test on each leg, 27 

but only for 2 seconds. He was hyperreflexive in both upper and lower limbs with a 28 

bilateral Babinski response. His preoperative Japanese Orthopaedic Association score was 29 

10 (2, 2, 1, 1, 1, 3).[11] The patient had multiple café au lait spots and cutaneous and 30 

subcutaneous neurofibromas. Moreover, his mother, uncle, and grandmother were 31 

diagnosed as having NF-1. His uncle had a cervical fusion due to cervical myelopathy and 32 

deformity. Therefore, the patient was diagnosed as NF-1. 33 

 Plain X-rays and reconstructed computed tomography of the cervical spine showed 34 

enlargement of the foramen at all levels (Fig. 1). Coronal and sagittal cervical magnetic 35 

resonance images showed multiple tumors involving several nerve roots (Fig. 2A). The 36 

extensive distribution of the tumors produced an MRI picture resembling a Christmas 37 

tree.[12] An axial view MRI revealed bilateral extradural tumors at the C1-C2 level and 38 

dumbbell-shaped (intra-extradural) tumors at the C2-C3 and C3-C4 levels severely 39 

compressing the spinal cord (Fig. 2B). All tumors had a high signal intensity in the 40 

T2-weighted image, low signal intensity in the T1-weighted image, and moderately 41 

heterogeneous increased signal in the gadolinium-enhanced T1-weighted image. MRI at the 42 

thoracic and lumbar spine also showed a Christmas tree sign.[12]  43 

 The patient underwent decompression surgery following resection of the C1 44 

posterior arch and double open-door laminoplasty of C2, C3, and C4. We resected the 45 

tumors during a microscopic procedure while compound muscle action potential 46 

monitoring (biceps, triceps, hypothenar, quadriceps femoris, hamstring, 47 

tibialis anterior, gastrocnemius, and anal sphincter muscles, depending on the spinal cord 48 

level at which surgery was performed and somatosensory evoked potential). The bilateral 49 

tumors at the C1-C2 level (Fig. 3A), which were solid, encapsulated, smooth, elastic, and 50 
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partially invading intradurally on the left side, were carefully enucleated without sacrifice 51 

of C2 roots. The intradural tumors at the C2-C3 and C3-C4 levels (Fig.3B, C), which were 52 

located ventrally and mainly compressed the spinal cord, extended to the bilateral 53 

extradural portion (Fig.3D, E). Removal of the intradural tumors was performed by 54 

amputating the C3 and C4 roots at their rootlets (Fig. 4A, B). We did not attempt to remove 55 

the extradural portion because that did not compress the dura. Duraplasty was performed 56 

using Goretex dura substitute and fibrin glue bonded for indirect decompression (Fig. 4C). 57 

Ultrasound examination confirmed that the spinal cord was decompressed (Fig. 4D, E, F). 58 

 Histological examination revealed that the tumors at C1-C2 consisted of bundles of 59 

longitudinal- and transversely-oriented Schwann cells crisscrossing each other in an 60 

irregular fashion and large ganglion cells with large vesicular nuclei, which we diagnosed 61 

as ganglioneuroma (Fig. 5A). Tumors at C2-C3 and C3-C4 showed the same crisscrossing 62 

bundles of Schwann cells as the C1-C2 tumors but without the ganglion cells; we 63 

diagnosed these as neurofibromas (Fig. 5B). None of the tumors had significant mitotic 64 

activity and the tumors’ MIB-1 indices were less than 1%. 65 

There was no change in amplitude and latency of spinal cord monitoring during surgery. 66 

 The postoperative course was uneventful. The patient was immobilized for 4 days to 67 

prevent a cerebrospinal fluid fistula, and subsequent mobilization was well tolerated. Motor 68 

weakness and sensory disturbance improved within 3 weeks except for the C3-C4 69 

dermatome. The patient returned to his work two months after surgery.  70 

 Follow-up MRI (2 years after surgery) showed a high intensity lesion at the C1-C2 71 

level and residual bilateral extradural tumors with moderate cord compression but no 72 

significant enlargement of residual tumors (Fig. 6 A, B), and his Japanese Orthopaedics 73 

Association score improved to 15 (3, 4, 1, 2, 2, 3). The patient and his parents gave 74 

informed consent to submit this case study for publication.  75 
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 76 

Discussion 77 

 We have presented a case of NF-1 having cervical myelopathy caused by 78 

dumbbell-shaped ganglioneuromas and neurofibromas. Ganglioneuromas of the cervical 79 

spine are rare tumors associated with NF-1, with only 5 of these tumors confirmed 80 

pathologically and reported in the literature[7-10, 13] (Table). Ganglioneuromas reside 81 

within a class of neuronal tumor in which the neoplastic cells express a mature neuronal 82 

phenotype.[14] This type of tumor is slow-growing, benign and characterized by a firm, 83 

round or oval, well-encapsulated mass with occasional lobulations.[15] They are mostly 84 

found in the posterior mediastinum and abdomen because they arise from the sympathetic 85 

nervous system.[9] The intraspinal portion of these tumors extended intradurally in 3 of 6 86 

(50%) reported cases, although it is believed that these tumors tended to extend extradurally 87 

as in the present case. Ganglioneuromas associated with NF-1 may be another unusual 88 

feature.  89 

 Neurofibromas are commonly associated with NF-1; they typically arise from the 90 

extradural portion of the spine, although they may be intradural in NF-2 patients.[4] In the 91 

present case, neurofibromas at C2-C3 and C3-C4 severely compressed the spinal cord 92 

intradurally. To our knowledge, this is the first report on the co-existence of 93 

ganglioneuromas and neurofibromas of the cervical spine. Only 1.6% of NF-1 patients have 94 

symptoms, and these patients seldom need surgery.[4] Histological examination has been 95 

performed in a minority of NF-1-associated spinal tumors; therefore, we may speculate that 96 

the incidence of finding both ganglioneuroma and neurofibroma in NF-1 patients might be 97 

higher than expected,[7] although genetic associations between NF-1 and ganglioneuroma 98 

remain unclear.[9]  99 

 For the tumors at C1-C2, we enucleated them for removal because the axial view MRI 100 
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revealed bilateral extradural tumors. The intradural tumors at C2-C3 and C3-C4 were 101 

removed because they were located ventrally and mainly compressed spinal cord. 102 

Ganglioneuromas have well-differentiated cellular features and grow slowly. Serebein et al. 103 

described a 20 year follow-up of a very slow growing ganglioneuroma in the pituitary 104 

fossa.[16] Coupled with an often well-circumscribed appearance, total surgical excision 105 

remains the treatment of choice with large tumors.[14] Although surgical decompression 106 

must be undertaken as soon as possible when spinal cord compression is present,[17] it may 107 

be impossible to complete excise multiple tumors at all sites, as in the present case. 108 

Subtotal or partial resection might be the goal for cases with multiple spinal tumors,[8] but 109 

this patient should be carefully monitored for the rest of their lives, especially regarding 110 

spinal cord compression due to the residual tumor. 111 

Conclusions 112 

We reported on the case of a 20-year-old man with NF-1 who presented with cervical 113 

myelopathy caused by ganglioneuroma and neurofibroma. Although his neurological status 114 

improved after surgery, he will be followed carefully to watch for neurological symptoms 115 

resulting from growth of the residual tumors. 116 
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 166 

Figure legend 167 
 168 
Table: Summary of previously published case reports with cervical ganglioneuroma in 169 
neurofibromatosis type 1 patients. 170 
 171 
Figure 1: Reconstructed computed tomography of the cervical spine showed enlargement of 172 
the foramen at all levels. 173 
 174 
Figure 2: Coronal cervical magnetic resonance images showed multiple tumors involving 175 
several nerve roots (A). An axial view revealed bilateral extradural tumors at the C1-C2 176 
level and dumbbell-shaped (intra-extradural) tumors at the C2-C3 and C3-C4 levels 177 
severely compressing the spinal cord (B). 178 
 179 
Figure 3: Ultrasound examination of the bilateral tumors at the C1-C2 (A), the C2-C3 (B), 180 
and C3-C4 level (C). The tumors located ventrally and mainly compressed the spinal cord, 181 
extended to the bilateral extradural portion (D, E). 182 
 183 

Figure 4: Removal of the intradural tumors was performed by amputating the C3 and C4 184 

roots at their rootlets (A, B). Duraplasty was performed using Goretex dura substitute and 185 

fibrin glue bonded for indirect decompression (C). Ultrasound examination confirmed that 186 

the spinal cord was decompressed (D, E, F). 187 

 188 

Figure 5: Histological examination revealed that the tumors at C1-C2 consisted of bundles 189 

of longitudinal- and transversely-oriented Schwann cells crisscrossing each other in an 190 

irregular fashion and large ganglion cells with large vesicular nuclei, which we diagnosed 191 

as ganglioneuroma (A). Tumors at C2-C3 and C3-C4 showed the same crisscrossing 192 

bundles of Schwann cells as the C1-C2 tumors but without the ganglion cells; we 193 

diagnosed these as neurofibromas (B).  194 

 195 

Figure 6: Follow-up MRI showed a high intensity lesion at the C1-C2 level but no 196 
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significant enlargement of residual tumors (A). An axial view revealed residual bilateral 197 
extradural tumors with moderate cord compression (B) 198 


