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Summary 
BACKGROUND: The Chiari malformation type I (CMI), is a diagnosis characterized by 

hypoplasia of the posterior cranial fossa, leading to downward displacement of one, or both, 

cerebellar tonsils through the foramen magum and into the upper cervical canal. As the 

posterior fossa is small and crowded, the flow of cerebrospinal fluid may be obstructed. The 

pathological flow of cerebrospinal fluid can lead to syrinx formation, both in the spinal cord 

and in the medulla oblongata, and it may cause hydrocephalus. Although once though to be a 

clinical curiosity, CMI is now being diagnosed with increasing frequency with the escalating 

use of magnetic resonance imaging (MRI). The prevalence of CMI estimated to be around 

1% with many cases being asymptomatic. Diagnosis during the investigation of an unrelated 

disorder is not uncommon. Patients may exhibit a wide spectrum of clinical manifestations, 

which makes diagnostic errors likely. The aim of this paper is to illustrate the diverse 

presentations and the diagnostic difficulties that may occur through case studies of two 

sisters. Furthermore, a review of the literature has been done with regard to the symptomatic 

feature of each case.  
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1 Introduction 
 

1.1 Classification of the Chiari malformations 
The Chiari malformations are named after the Austrian pathologist Hans Chiari whom in 

1890s described four types of cerebellar malformations. They are originally categorized into 

four types (I-IV), with type I-II being relatively common, and III-IV extremely rare. Though 

all linked by the name Chiari malformation, and collectively involving the hindbrain, the four 

types represent separate anatomical entities. Type I is not a brain anomaly, but foramen 

magnum crowding. It is defined by the ≥5 mm downward displacement of one, or both, 

cerebellar tonsils through the foramen magnum. The brainstem remains within the posterior 

fossa. There are no associated brain anomalies, but the condition is often complicated by 

syringomyelia. Type II (also known as Arnold-Chiari malformation) is a more complex and 

severe disorder, with caudal displacement of tonsils, inferior vermis, fourth ventricle and 

brain stem. Brain anomalies are not uncommon1. It is nearly always accompanied by spina 

bifida and meningomyelocele and approximately 90% present with hydrocephalus1-3. Type 

III has the same findings as type II, in addition to an occipito-cervical encephalocele 

containing cerebellar and brain stem tissue1, 4. In contrast to the three abovementioned, type 

IV does not exhibit ectopic tonsils, but is defined by cerebellar hypoplasia or aplasia4. 

 

Two more groups have recently been included among the Chiari malformations, namely type 

0 and type 1.5. Type 0 represent a condition without hindbrain herniation greater than 5 mm, 

but with radiographic findings of a crowded craniovertebral junction and syringomyelia5. 

Type 1.5 may be described as a mixture of the malformations I and II. It is characterized by 

caudal displacement of both cerebellar tonsils and brainstem, however, without the presence 

of spina bifida6. 

 

1.2 Etiology 
As illustrated by experiments performed by Marin-Padilla and Marin-Padilla (1981)7, the 

primary contributor of tonsillar decent is a growth anomaly resulting in a shallow posterior 

fossa, which leads to herniation as the normal-sized cerebellum grows post-natally. 

Morphometric studies have supported this view, with findings of a small and shallow 

posterior fossa compared to the normal appearance8-11. In one study, the hindbrain occupied 
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83,3% of the posterior fossa space in CMI patients, compared to 79% in the control group12. 

The pathological basis for occipital dysplasia is thought to be of mesodermal origin, with 

underdevelopment of the occipital somites from the para-axial mesoderm12. This theory is 

supported by the lack of neuroectodermal defects and morphometric studies with findings of 

underdevelopment of the clivus and supraoccipital, exoccipital and basiooccipital segments 

of the occipital bone10, 13.  

 

 
Figure 1. a) Normal brain b) CMI 
with a small clivus and posterior 
fossa (blue) resulting in hindbrain 
herniation.  Figure adapted with 
approval from Yan H, Han X, Jin M, 
et al. Morphometric features of 
posterior cranial fossa are different 
between Chiari I malformation with 
and without syringomyelia13 
 

 

 

 

1.3 Genetics 
CMI is considered to have a complex multifactorial etiology, as demonstrated by 

heterogeneity in debut, degree of cerebellar herniation, symptoms and response to surgery.  

Although most cases of CMI occur sporadically, genetics probably play an important role. 

This notion is supported by reports on CMI in monozygotic twins and triplets14-19, large 

studies showing familial aggregation8, 20, and by the co-occurrence of other genetic 

syndromes in patients with CMI20, 21. No single gene has been identified to cause CMI, and 

the variety in clinical presentation may likely indicate a genetic heterogeneity. It has been 

stated that the various inheritable genetic perturbations can contribute to phenotypic process 

that have a final common pathway of CMI14. This being said, as herniated tonsils currently 

represent the criterion for diagnosis (and not occipital underdevelopment), the diagnosis 

embraces numerous posterior fossa abnormalities with different pathogenetic origins. 

Examples of other conditions leading to diminished posterior fossa capacity are (i) 

craniosynostosis, of which lambdoid synostosis (i.e. premature fusion of the lambdoid sutures 

in the developing skull) is most often associated with tonsillar herniation (ii) spinal defects 

such as Klippel Feil anomaly, basilar impression and odontoid retroflexion, (iii) growth 
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hormone deficiency, resulting in insufficient development of the posterior fossa, (iii) 

hyperostosis, e.g. acromegaly generating excessive bone growth in addition to calvarial 

thickening due to low serum phosphate22. Whether it is more correct to term these derivative 

forms of CMI as chronic tonsillar herniation, or refer to CMI as a feature of a syndrome, is a 

matter of semantics. At any rate, this lack of consistent diagnostic criteria complicates genetic 

research.  

 

 

1.4 Symptoms and findings 
Whereas Chiari malformation type II-IV are typically diagnosed at or before birth, CMI may 

remain without neurological manifestations until adulthood23. The average age of detection is 

around the third decade of life23, 24, but it is not infrequent that CMI is diagnosed during 

childhood. Why symptoms occur late in life in CMI is not known. Perhaps episodes of 

intermittently raised intracranial pressure (coughing, straining etc.) entail gradual herniation 

of the tonsils, until a point where the CSF passage is obliterated25. This possibility may be 

supported by the fact that monozygotic twins and tripleets with CMI display disparity in 

debut, symptom severity, and degree of tonsillar herniation15, 17, 19, and that onset of 

symptoms may be triggered by environmental factors such as car accidents, head trauma and 

pregnancy26.  

 

Common symptoms of CMI are occipital headache (often accentuated by Valsava 

maneuvers), pain involving the neck, shoulders and arms, together with weakness of the 

extremities23. However, CMI may present with a myriad of clinical appearances as it is often 

influenced by associated conditions, such as syringomyelia and syringobulbia. Therefore, 

upon assessing both symptoms and findings, it can be useful to distinguish between different 

pathophysical categories. The symptoms can be classified as follows; (i) symptoms due to 

abnormal CSF flow (i.e. strain-related headaches), (ii) symptoms due to brainstem- or 

cerebellar compression (i.e. visual and balance disturbances), (iii) symptoms due to 

downward decent of the tonsils and traction on cranial nerves (i.e. hoarsness, frontal 

headache), and (iv) symptoms due to syringomyelia (i.e. pain and weakness of the 

extremities)25. Apart from the somatic presentation, patients are also often afflicted with 

cognitive and psychological symptoms, with memory problems, executive difficulties 



	  4	  

(trouble with planning and decision-making), aphasia, depression and anxiety disorders 

(panic attacks, agoraphobia and social anxiety)26 

 

The neurological findings can be classified into three syndromes; (i) brainstem syndrome 

with hiccups, syncope, central sleep apnea, sensorineuronal hearing loss, brady- or 

tachycardia and lower cranial nerve dysfunction with dysphagia, dysarthria, dysphonia, and 

palatal weakness, (ii) cerebellar syndrome with ataxia, dysdiadokkinesia, and dysmetria, and 

(iii) spinal cord syndrome with dissociated sensory loss, weakness of the extremities, hyper-

active reflexes, clonus, spasticity, loss of abdominal reflex. 

 

1.5 Syringomyelia 
The term syringomyelia applies to a cavitation in the spinal cord extending laterally or 

independent of the central canal27. When involving the brainstem, it is termed syringobulbia. . 

It is not a disease in its own right, but a phenomenon of an underlying process. 

Syringomyelia is often classified into communicating (continuous with the fourth ventricle), 

noncommunicating, atrophic- and neoplastic cavitations. It has multiple etiologies, such as 

spinal cord trauma, -infection or infarction, intramedullary hemorrhage or extramedullary 

compression28. The noncommunicating syringomyelias are most commonly seen in patients 

with CMI. The true prevalence in this population is not well defined, as the literature varies 

from 23% to 80%8, 29-35. The syrinx is most often localized in the cervicothoracic region and 

may affect both the central canal and the paracentral spinal cord parenchyma30, 33. They are 

reported to be intricate cavities associated with extensive areas of ependymal denuding, 

paracentral dissection and formation of intracanalicular septations composed of spongy glial 

tissue36.  

 

The underlying mechanism is poorly understood and still debated, however; it is thought to 

be caused by altered CSF dynamics at the spinal subarachnoidal space37. Within each cardiac 

systole the brain volume expands, and the CSF is expulsed into the cervical subarachnoidal 

space as a compensatory mechanism. This process is insufficient in patients with an 

overcrowded posterior fossa, where the craniospinal compliance has been reported to be 

decreased by 50%38. Moreover, phase-contrast cine MR imaging has revealed that the brain 

volume expansion forces the cerebellar tonsils into the subarchnoidal space. As the cervical 

subarachnoidal space has low compliance for such alterations in volume, the expansion 
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causes increased systolic pulse pressure waves forcing CSF into the spinal cord 

parenchyma36-38.  

 
Figure 2. Illustration of the altered CSF dynamics in CMI patients. Upper picture shows normal hemodynamics 
during one cardiac cycle. Lower picture shows how the cerebellar tonsils act as a piston on the cervical 
subarachnoid space, creating a pulse pressure wave. Figure adapted with approval from Heiss JD, Patronas N, 
DeVroom HL, et al. Elucidating the pathophysiology of syringomyelia38. 

	  
	  
Figure 3. Obstruction of the 
subarachnoid space reduces the 
buffering capability of the CSF, forcing 
the fluid into the spinal cord 
parenchyma by excess CSF pulsation. 
Figure adapted with approval from 
Heiss JD, Snyder K, Peterson MM, et 
al. Pathophysiology of primary spinal 
syringomyelia 39 
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The symptomatology is complex and influenced by the origin of the cavitation, the size, 

shape and location40. They usually present clinically as a slowly progressive central cervical 

myelopathy, with neurological deterioration extending over many years. Classically, the first 

manifestations are pain and dissociated sensory findings with loss of pain and sense of 

temperature in a cape-like distribution due to affection of the spinothalamic tracts. As the 

syrinx progresses to the lateral columns of the spinal cord, upper motor neuron signs arise.  

Due to the topographic organization, motor neuron signs first emerge in the cervical portion, 

and last in the sacral segments.  Finally, as the syrinx expands to the posterior columns, sense 

of position (proprioception) and vibration is lost41. If the syrinx progress more caudally, loss 

of abdominal reflex is a frequent finding.  

Figure 4. Illustration of central cord syndrome arising with syringomyelia. 

 

1.6 Diagnosis of Chiari malformation type I 
The current standard for diagnosis of CMI is based on the degree of herniation of one or both 

of the cerebellar tonsils. Neuroradiology is the key tool, where sagittal and axial T1- and T2 

weighted MRI represent the best imaging modality. The images should include the entire 

brain, skull and cervical spine, to rule out other diseases and look for associated syrinx 

formation42. Findings highly suggestive for CMI on MRI include overcrowded posterior 

cranial fossa, obliteration of CSF at the foramen magnum and herniated cerebellar tonsils 

with a “peg-like” appearance42.  In general, the cerebellar tonsils must herniate ≥5 mm below 



	   7	  

the plane of foramen magnum (i.e. below the basion-opisthion line) in adolescents and adults, 

and over 6 mm in infants and toddlers42, 43. Herniated tonsils may be a secondary 

phenomenon to other serious diseases such as intracranial hemorrhage, brain tumors and 

pseudotumor cerebri. Therefore it is essential to have a broad diagnostic approach in all 

patients with presumed CMI, and the finding of herniated tonsils should be interpreted 

acquired until proved otherwise. 

 

1.7 Treatment 
In the absence for hydrocephalus, surgical decompression of the posterior fossa with or 

without duraplasty is the treatment of choice in CMI. Numerous surgical techniques are used, 

the description of which is beyond the scope of this paper. The aim of surgery is to restore 

CSF dynamics, relieve pressure on the brainstem and prevent further development of a 

syrinx44. The guidelines for surgical treatment have no universal criteria as the unpredictable 

nature of CMI remains incompletely understood; the degree of herniation does not 

correspond with symptomatology, some experience gradual relief of symptoms with 

conservative follow-up, and other worsening45. Decision-making is based on clinical, not 

radiographic findings. Thus treatment of asymptomatic patients is controversial. Reasonable 

justification for surgery include symptomatic patients, especially when symptoms progress or 

there is progression of a syrinx. In these subjects it is important to make an immediate 

referral to a neurosurgical consultation to prevent further neurological deficit or irreversible 

losses. Moreover, as some symptoms are more likely to improve after decompression 

surgery, several scaling scores have been developed to identify patients who may benefit 

from surgery. Factors associated with a good outcome after surgery includes symptom 

duration less than two years, particularly cough headache, formerly reported to improve in 

94,6% of patients45. Motor and sensory deficits are less likely to improve, perhaps due to 

irreversible damage20. 
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Figure 5. Illustration of aim for surgery. Relief of the obstruction at the subarachnoidal space, and thereby 
restoring CSF dynamics and eliminating syrinx progression. Figure adapted with approval from Heiss JD, 
Snyder K, Peterson MM, et al. Pathophysiology of primary spinal syringomyelia39 
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2  Case 1: Sudden cranial nerve palsy 
2.1 Case report 
The patient was a 37-year old woman with a history of sleep disturbances for several years. 

Several times each night she woke up with a feeling of being choked. On one occasion she 

woke up with a left-sided hypoesthesia of the face and tongue, together with ipsilateral facial 

palsy, hyperacusis and hypogeusia. Twenty-four hours later she experienced occipital 

headache and neck pain radiating to her left shoulder. Her speech became slurred. An MRI 

scan of the brain showed no abnormalities other than the cerebellar tonsils extending 15 mm 

below the foramen magnum. The medulla was kinked ventrally by the odontoid. There was 

no evidence of syringomyelia or hydrocephalus. The radiological findings were interpreted as 

incidental, and the patient was diagnosed with Bell’s palsy. 

 

 Two years later the facial palsy persisted, and the patient was referred to our tertiary care 

center for further evaluation. She now reported additional symptoms, including mental 

fatigue, memory problems, nautical vertigo, orthostatic hypotension, and burning dysesthesia 

in the left arm and hand. The neurological examination revealed decreased sensation to light 

touch and pin prick in the left side of the face, including the forehead, cheek, chin and the left 

half of the tongue. She also had left-sided peripheral facial palsy accompanied by increased 

muscle tone of the left mimic muscles, and synkinesis of the left orbicularis oculi muscle 

when she moved her lips. Taste sensation (sweet, salt, and sour) was absent in the anterior 

left two-thirds of the tongue. The posterior one-third of the tongue had normal taste 

sensation. Testing of the remaining cranial nerves revealed no further deficits. A paresis was 

noted for hip flexion in the right leg, and the right ankle jerk was subclonus. There was no 

sign of spasticity, and plantar responses were flexor bilaterally.  

 

After three months she suffered an acute deterioration of symptoms, with postural 

hypotension (blood pressure 80/40), vertigo, right-sided tinnitus and aural fullness, burning 

dysesthesia from the waist down, and reduced strength in both legs. A new MRI scan showed 

unaltered position of the tonsils; however, development of a syrinx at the craniocervical 

junction was suspected. She underwent a 24-hour intracranial pressure monitoring, which 

showed increased intracranial pulse wave amplitudes. Consequently, she received a 

ventriculo-peritoneal shunt. This treatment improved her orthostatic hypotension, but not her 
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other symptoms. She underwent posterior fossa decompression and duraplasty three months 

later; intra-operatively thick arachnoid adhesions surrounding the tonsils were noted. When 

examined seven months later, her burning dysesthesia of the left arm and both legs had 

resolved. She had improved strength in both legs, and ankle jerks were normal. Her facial 

palsy persisted, but the synkinesis of the left orbicularis oculi muscle was reduced. The loss 

of taste sensation in the anterior two thirds of the left tongue remained unchanged, as did 

hypoesthesia to touch in the left part of the tongue and the left perioral region, while 

sensation in the rest of the face was normal. 

 
Figure 6. Pre-operative T2-weighted 
mid-sagittal MRI demonstrating CMI.  

 
Figure 7. Post-operative T1-weighted 
mid-saggital MRI.  
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2.2 Discussion 
2.2.1 Cranial nerve involvement in the course of CMI 
 Approximately 10-50% of symptomatic patients have cranial nerve dysfunction8, 20, 23. The 

lower cranial nerves are predominately affected with symptoms of dysphagia, dysarthria, 

sleep apnea, and clinical findings 

including impaired gag reflex and 

vocal cord paralysis. Affection of the 

trigeminal and facial nerve is not 

common. In a study of 364 patients it 

was noted that 25 (of whom 20 had 

syringomyelia) suffered from facial 

sensory loss, and 5 presented with 

deficit of the facial nerve8. Another 

study involving 500 subjects 

reported 13 patients suffering from 

facial sensory loss, however, 

affection of the facial nerve was not 

mentioned20.  Several theories 

regarding cranial nerve dysfunction have been forwarded. These include;  

 

i) Brainstem compression 

The theory of brainstem compression was introduced by Rosetti et al (1999), who presented a 

patient with progressive trigeminal neuralgia, which disappeared after decompression 

surgery46. The authors speculated that the neuralgia was due to the tonsils pressing on the 

spinal trigeminal tract in the lateral medulla. As this nucleus not only mediates sensitivity of 

pain and temperature to the face, but also conveys pain information from the cranial nerve 

IX, compression of the spinal trigeminal tract has also been used to explain a case of 

glossopharyngeal neuralgia in a patient with CMI47. Compression of the brainstem by the 

cerebellar tonsils has later been proposed to cause dysfunction of other cranial nerves in CMI 

patients. In a patient with reduced facial sensation and vocal cord palsy, compression of both 

the trigeminal- and the ambiguous nucleus (vagal motor nucleus) was thought to cause the 

patient´s symptoms48. In a patient with hemifacial spasm, compression of the facial motor 

nucleus was suggested as a possible mechanism49. In a report by Liu et al (2014), the 
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mechanism of compression was explained differently50. They presented a patient with 

hemifacial spasm, trigeminal neuralgia and obstructive hydrocephalus. As the spasm resolved 

immediately, and the neuralgia within four days following ventriculo-peritoneal shunting, the 

authors speculated that the brainstem was compressed, not by displaced tonsils, but rather by 

the increased intracranial pressure itself. They suggested that raised intracranial pressure 

affected the activity of the brain stem nuclei.   

 

ii) Compression of the cranial nerves 

As with the brainstem, cranial nerves can also be compressed, either directly by the cerebellar 

tonsils or by vascular structures in the cerebellopontine angle cistern. The effect of vascular 

impingement on cranial nerves is illustrated by Gnanalingham et al (2005) who reported a 

patient with hydrocephalus and trigeminal neuralgia51. As with the case by Liu et al., this 

patient also experienced relief of symptoms after drainage of cerebrospinal fluid. However, 

the improvement of symptoms in this subject took one month, and hence it was speculated 

that the neuralgia was caused by an altered relationship between the vascular loop and the 

cranial nerve. A report by Yglesias et al described an 8-year old boy with glossopharyngeal 

neuralgia provoked by movements of the neck, talking, swallowing and Valsava maneuvers. 

They speculated that the neuralgia was caused by direct contact between the nerve and the 

cerebellar tonsils52.  

 

iii) Traction and ischemic changes on the cranial nerves 

Ectopic tonsils or abnormal CSF dynamics can cause traction on nerve fibers. This may 

generate a process of demyelination and remyelination, causing the formation of artificial 

synapses. Furthermore, nerve traction can also compromise peri- and endoneural blood 

supply, illustrated in a case by Witt et al (2011) who described a patient with right hemifacial 

weakness elicited by a ten minute sustained rotation of the head to the left53. No specific 

compression of the nerve or brainstem was seen on imaging, and CT angiography showed 

patent vertebral arteries with leftward head rotation. As the facial nerve deficit occurred only 

by sustained head rotation, the authors claimed that a likely cause was nerve traction leading 

to a temporary diminished arteriolar blood flow. The crammed posterior fossa and the 

herniated cerebellar tonsils may also impend the vascular network and cause modification of 

the vascularization50. This in turn may lead to compression and recurring microischemic 

events of the extra-axial nerve roots. Such a pathogenesis is especially attractive in cases that 

do not improve after decompression surgery.  
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Our patient suffered from trigeminal hypoesthesia and peripheral facial palsy. Bell`s palsy is 

the most common cause of acute unilateral facial paresis, accounting for 70% of cases, and 

80% of the patients suffer from concomitant altered sensation in areas supplied by the 

trigeminal or glossopharyngeal nerves54-56. However, we believe that the dysfunction of 

cranial nerves in our patient was caused by CMI as it soon was followed by other 

characteristic symptoms, such as occipital headache and neck pain. To our knowledge, only 

two reports of CMI presenting with both trigeminal- and facial nerve involvement have been 

described50, 57. In contrast to our patient, both of these presented with hydrocephalus. 

Moreover, the two patients also showed improvement of facial symptoms after cerebrospinal 

fluid shunting. The authors of the articles speculated that the most likely cause of cranial 

nerve involvement was raised cranial pressure exerting stress on the brain stem and the two 

nuclei. As for our patient, no hydrocephalus was identified, and ventriculo-peritoneal 

shunting did not relieve facial symptoms. Those of her facial symptoms that did not respond 

to decompression surgery probably represent irreversible changes to the corresponding brain 

stem nuclei or cranial nerves.   

 

2.2.2 Sudden onset 
Abrupt onset of symptomatic CMI is often precipitated by head- or neck trauma and it is 

associated with syringomyelia58, 59. Rapid onset may be life threatening, and must be taken 

seriously. Abrupt onset of symptomatic CMI was reported in one patient series to have a 

lethality of 20%, most often by acute respiratory failure or cardiac arrest58.  The mechanism 

behind the abrupt onset of CMI remains unknown. It could be caused by sudden downward 

displacement of the tonsils. As the displaced tonsils create an obstruction to CSF flow 

between the cranium and the spinal canal, these patients have a reduced buffering capability 

to sustain sudden increases in intracranial pressure (e.g. moderate neck injury). Consequently, 

further herniation of the already ectopic tonsils may occur58. Patients with a pre-existing 

syrinx are thought to be especially vulnerable, due to the combined effect of the external 

compression of the brain stem by the tonsils, and internal compression by an expanding 

syrinx58. 

 

Our patient is peculiar as she neither had a history of recent trauma, nor a syrinx at the time 

of her first MRI investigation. Interestingly, she woke up one morning with facial palsy, and 
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head- and neck pain occurred later the same day.  It is possible that sleep apnea could 

precipitate acute worsening of symptoms by causing hypercapnia and hypoxia, leading to 

increased cerebral blood flow and intracranial hypertension. As already mentioned, CMI 

patients lack buffering capability for transient increases in intracranial pressure, as the 

crowded posterior fossa obstructs the CSF hemodynamics from the head to the spine.  Roohi 

et al (2014) reported a CM-1 patient who died during the night after having been given opioid 

analgesics60. The authors suggested that the cause of death could have been opiate-induced 

central sleep apnea, precipitating an increase in intracranial pressure and further displacement 

of the hindbrain. Oishi et al (2013) presented a patient with CMI who experienced rapidly 

progressing monoparesis presenting after swimming61. The authors proposed that impaired 

respiration during swimming could be sufficient to cause compression of the brainstem as a 

result of paroxsysmal elevation of intracranial pressure. Another report given ten years earlier 

also described acute deterioration proceeding swimming in a patient with CMI. Yoshikawa 

described in 2003 a former healthy seven-year-old experiencing vomiting, drowsiness and 

irregular respiration resulting in respiratory failure in short duration after swimming62. The 

most probable explanation was stated to be sudden compression of the brain stem. No 

interpretation of sudden onset was given.  



	   15	  

3 Case 2: A diagnostic dilemma 
3.1 Case report 
A 42-year-old woman, the sister of the patient described above (Case report 1) was referred 

to our tertiary care center for a neurosurgical consultation for intervertebral disc compression. 

She had the previous year sought a physician due to progressively worsening of nausea, 

occipital headache propagating retroorbitally, neck pain radiating to the right shoulder, 

numbness of the right arm and unstudy gait. An MRI scan showed an intervertebral disc 

herniation, which possibly affected the C6 and C7 nerve roots bilaterally. A CMI with a 

tonsillar descent of 10 mm was noted together with a cervical presyrinx (T2 hypersensitivity 

on MRI without presence of cavitation), but interpreted as an incidental finding. Two months 

prior to the consultation the patient had been in a car accident, in which she did not suffer 

acute injuries, but some weeks later she woke up one morning with a (transient) paresis of the 

left arm and a burning pain in the left arm and leg. Moreover, she now experienced rotatory 

vertigo and gait instability. -The neurological examination disclosed cranial nerves deficit 

with decreased sensibility in the distribution of the left ophthalmic nerve and reduced 

strength for left-shoulder elevation. It was noted reduced strength for left-sided shoulder 

abduction (C5- and C6-innervated muscles) and elbow flexion (C5-C7), and for left-sided hip 

flexion and knee extension. Muscle tone, tendon reflexes, and sensation were normal in the 

extremities.  

 

Her symptoms were interpreted to originate from the CMI. A 24-hour intracranial pressure 

monitoring revealed no demand for CSF-drainage. Accordingly she underwent a surgical 

treatment with posterior fossa decompression with duraplasty. The procedure and the 

postoperative period were without complications. When examined six months later the 

patient expressed great satisfaction as her headache had ceased along with the numbness of 

the right arm.  
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Figure 8. Pre-operative T2-
weighted mid-sagittal MRI 
demonstrating CMI and 
syrinxformation.  

 
 

Figure 9. Post-operative T1-
weighted mid-sagittal MRI.  
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3.2 Discussion 
3.2.1 Pain 
Pain is a major complaint among patients with CM-1, and often the reason for seeking 

medical attention. The most common type of pain is headache, often located to the back of 

the head and accentuated by coughing, sneezing and laughing. It is often associated with neck 

pain and radicular pain, where the over-extremities are more frequently involved compared to 

the under-extremities23, 26, 63. Patients’ comorbid with syringomyelia, or a pre-syrinx state, are 

especially prone to disabling pain, as the syrinx may give rise to central neuropathic pain, of 

which effective treatment is elusive. Such a pain syndrome arises following a lesion or 

disease of the central nervous syste64. In particular, dysesthetic pain is reported to occur in 

slightly less than 40% of this population, and is commonly described as burning, pins and 

needles or stretching of the skin63, 65, 66. It is important to take patients with neuropathic pain 

serious, as the surgical outcome regarding pain relief is poor.  

 

3.2.2 Misdiagnosis 
Since the severity of symptoms do not correlate with the degree of herniation, and the clinical 

picture may vary from asymptomatic to severe with a plethora of different symptoms8, CMI 

represent a challenging diagnosis, where initial erroneous diagnosis is the rule, rather than the 

exception. Average time to diagnosis, calculated from the first visit to a physician, was in one 

large study found to be 3,43 years26. The most common misdiagnosis was within the 

psychosocial spectrum, followed by neurological diseases such as multiple sclerosis and 

migraine8, 26.  

 

Although the first two case reports illustrates this phenomenon well, the first patient being 

diagnosed with Bell’s palsy, the second with cervical nerve root compression, the second 

patient is of special interest, because of the previous findings of a cervical disc herniation that 

affected the left C6- and C7 nerve roots. Such a presentation represent a diagnostic dilemma 

as both conditions; (i) share much of the same common symptomatology with headache, neck 

pain, and numbness of an upper extremity, (ii) can present with myelopathy, (iii) may 

deteriorate after neck injury, (iv) have a poor correlation between symptoms and findings on 

MRI63, 67, and (v) both may give rise to syringomyelia68-71. 
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There are surprisingly few reports on the diagnostic dilemma occurring when a patient 

presents with the trio of CM-1, cervical prolapse and syringomyelia. It has previously been 

mentioned in a case report by Ball J.R. et al70. They presented a 36-year old man with neck 

pain and paresthesia of both upper limbs. MRI revealed cervical disc protrusion at C4/C5, 

CM-1 and syringomyelia extending from the cervico-medullary junction to the level of 

C4/C5. As they believed that the syrinx formation was due to the compression of the medulla 

by the disk protrusion, the patient was treated with anterior cervical decompression and 

arthroplasty. The patient experienced post-operative improvement of symptoms, and MRI 

after 12 months revealed near-complete resolution of the syrinx.  

 

As for our patient, her symptomatology with neck pain radiating the left shoulder and 

numbness of the left arm reminds of both cervical prolapse and CMI. Regarding the findings 

on MRI in comparison to the neurological examinations, the situation becomes ambiguous. 

The MRI revealed intervertebral disc herniation affecting the C6-C7 roots, which 

corresponds to the findings on reduced strength for shoulder abduction. However, she also 

presented with dysfunction of cranial nerves V and XI, and findings of myelopathy (reduced 

strength for left-sided hip flexion and knee extension). In addition, her occipital headache 

was interpreted CMI-related as it was associated with nausea. In this case, the myriad of 

symptoms was difficult to solely attribute to the malformation, however, when focusing on 

main complaints, the procedure of decompression surgery was successful.  
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4 Conclusion 
The two case reports presented herein highlights several important aspects of CMI. First, they 

illustrate the complex and sometimes rare clinical picture in CMI, which may lead to 

misdiagnoses and delay in treatment. Our first case was misdiagnosed with Bell´s palsy. 

Involvement of the facial nerve is a rare manifestation of CMI. The pathophysical mechanism 

remains uncertain, and may be diverse. The facial palsy in our patient persisted, despite 

posterior fossa decompression, suggesting ischemia of the facial nerve. The symptoms in our 

second patient were wrongly attributed to a cervical disk herniation, illustrating the 

diagnostic dilemma that may occur when a patient displays both CMI and another condition 

that may have overlapping clinical manifestations. The cases illustrate how a careful clinical 

assessment is the cornerstone if the diagnosis of these patients.  

 

Second, the case reports illustrate possible heredity in CMI patients. The underlying 

mechanism causing hindbrain herniation in these patients is considered multifactorial. 

Although the genetics remain incompletely understood, the growing evidence of familial 

aggregation suggests that it plays an important role in CMI. 

 

Finally, our first case sheds light upon the matter of abrupt onset of CMI. Symptoms usually 

progress in a slow manner in CMI. Patients with abrupt onset of CMI symptoms, whether 

precipitated by injury or not, may have a lethal condition and should be monitored 

accordingly.  
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