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Abstract
Chiari malformation results in the downward displacement of the brain stem and cerebellum into the cervical portion of the spinal

cord. There are four fundamental types of Chiari malformations (CM-I, CM-II, CM-III, and CM-IV) with variants (Chiari type 1.5 and

3.5), depending on the severity of the anatomical distortions and CSF blockage. Symptoms of Chiari malformations can range from as-

ymptomatic (in uncomplicated CM-I) to life-threatening (in the more severe malformations). Diagnosis is typically suspected by signs
and symptoms and confirmed by diagnostic imaging. Treatment can range from medications for pain relief (in CM-I) to surgery (in

the more severe symptoms and malformations). CM-III and CM-IV have poor prognoses. An asymptomatic patient with CM-I can de-

velop symptoms gradually over time or abruptly, secondary to trauma. Chiari malformation is one of the most common abnormalities
affecting the craniovertebral junction and should be considered in the differential diagnosis of specific symptoms and circumstances.
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Introduction

Chiari malformations (CMs) describe a variety of congenital abnormalities, affecting human hindbrain formation and the relationship

between the cerebellum, brainstem, and the upper cervical portion of the spinal cord [1,2] (Figure 1). The precise embryological period

of this malformation is uncertain. However, the anatomical variations associated with CM are due to the pontine flexure’s failure to form
normally between days 28 and 29 of gestation, leading to the elongation of the brain stem [3,4]. CM is the downward displacement of the

Citation: Adadzi J, Adadzi W, Kerna NA, Flores JV, Nwokorie U. Simplifying a Complex Anatomical Condition: A Summary of the Diagnosis
and Treatment of Specific Chiari Malformations. EC Clinical and Experimental Anatomy. 2020 Oct 1; 3.11: 38-47.

Simplifying a Complex Anatomical Condition: A Summary of the Diagnosis and Treatment of Specific Chiari Malformations
39

Figure 1: The normal anatomy of the cerebellum (left); Chiari malformation (right). The cerebellar tonsils may herniate into the spinal
canal, blocking CSF flow (blue) and causing CSF buildup inside the spinal cord, termed syrinx.
Note: Adapted from Mayfield (2018) [5].

brain stem and cerebellum into the cervical portion of the spinal cord, resulting in the blockage of the cerebrospinal fluid (CSF) and em-

bryological hydrocephalus [1–3]. Historically, the occurrence of CMs was estimated to be 1 in 1000 births. However, with advancements
in imaging techniques, it is opined that the malformation is much more prevalent [3].

CM is more common in women than men, with specific ethnic groups (such as Celtic ancestry) having more prevalence of Chiari type

2 malformation (CM-II) [3]. The Chiari gene has not yet been identified; thus, currently, no genetic test is available. Nevertheless, recent
studies suggest a linkage of Chiari type malformation (CM-I) to chromosomes 9 and 15 [1].
Classification of Chiari malformations (CMs)

CMs are classified into four types (CM-I, CM-II, CM-III, CM-IV), based on the specific morphological characteristics [6].
Chiari type 1 malformation (CM-I)

Chiari type 1 malformation (CM-I) is the most common and least severe form of CMs. In CM-I, more than 5mm of the cerebellar tonsil

herniates below the foramen magnum, measured by a line drawn from the basion to the opisthion (McRae Line) [1–4] (Figure 2). CM-I
is congenital or acquired and often diagnosed in adulthood [1,3]. It is associated with syringomyelia (a cyst in the spinal cord) in about

20–70% of patients, depending on the extent of CSF blockage between the skull and the spine [3,7]. Hydrocephalus is reported less frequently [1].

Citation: Adadzi J, Adadzi W, Kerna NA, Flores JV, Nwokorie U. Simplifying a Complex Anatomical Condition: A Summary of the Diagnosis
and Treatment of Specific Chiari Malformations. EC Clinical and Experimental Anatomy. 2020 Oct 1; 3.11: 38-47.

Simplifying a Complex Anatomical Condition: A Summary of the Diagnosis and Treatment of Specific Chiari Malformations
40

Figure 2: MRI images of Chiari type 1 malformation: sagittal (left) and coronal (right).
The cerebellar tonsils descend below the level of the foramen magnum to the posterior arch of C1.
Note: Adapted from Pakzaban (2018) [1].

The signs and symptoms of syringomyelia include a loss of sensitivity to temperature and pain, sensory loss in a “cape“ configura-

tion over the shoulders, muscle weakness and tightness (spasticity), loss of reflexes, pain in the neck, arms, and back, loss of bowel and
bladder control, paresthesia (numbness and tingling) in the hands and feet, and spinal curvature (scoliosis) [6]. Headache and neck pain
associated with CM-I is often worsened by sneezing, coughing, and performing the Valsalva maneuver (straining) [1]. A patient can be
asymptomatic in the anatomical presence of CM-I [1].

Typically, the neurological symptoms CM-I progress slowly over time; however, they could atypically present spontaneously or after

trauma [8–10]. The prognosis is good in CM-I, depending on preexisting neurological deficits. No preexisting neurological deficits result
in excellent outcomes [1,2].

Chiari type 2 malformation (CM-II)
Chiari type 2 malformation (CM-II) is less prevalent (than CM-I) but more extensive and complex with severe abnormalities [1,11,12].

CM-II is also referred to as the Arnold-Chiari malformation (ACM) or classic Chiari malformation [2]. It occurs in about 0.02% of births
(occurring twice as often in girls as boys) [3]. In CM-II, there is herniation of the cerebellar tonsils, inferior vermis, fourth ventricle, and

brain stem through a wide foramen magnum, with CSF-flow obstruction [3,11,12] (Figure 3). It is typically associated with meningocele

or meningomyelocele (an external sac on the infant’s low back) and hydrocephalus (seen in 90% of the cases) [2,13–15]. Due to the condition’s complexity and severity, patients become symptomatic in infancy or early childhood. An affected infant’s symptoms may include
swallowing and feeding problems, stridor, apneic spells, a weak cry, weakness of the extremities, and nystagmus [1,16,17].
Chiari type 3 malformation (CM-III)

Chiari type 3 malformation (CM-III) is a rare and severe form of Chiari malformation [19-21]. In CM-III, there is herniation of the cer-

ebellum with or without the brain stem through occipital or high posterior cervical encephalocele (a protruding sac on the infant’s neck)
with other abnormalities associated with CM-II [2,19–24] (Figure 4). CM-III patients have grave anatomical malformations and present
with devastating neurological defects; prognosis is poor [3,20,21].
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Figure 3: Depiction of CM-II in the craniocervical junction.
Note: Adapted from Almurshidi Medical Agency (2019) [18].

Figure 4: T1-weighted sagittal view of the brain at 22 months showing meningocele at the
craniocervical junction with hydrocephalus after removal of the hydrocele.
Note: Adapted from Jeong., et al. (2014) [23].

Chiari type 4 malformation (CM-IV)
Chiari type 4 malformation (CM-IV) is also rare. In CM-IV, there is cerebellar hypoplasia or aplasia and tentorial hypoplasia with nor-

mal posterior fossa and no hindbrain herniation [1,5] (Figure 5). CM-IV has an abysmal prognosis, and surviving patients exhibit severe
neurological deficits [1,5,6].

Citation: Adadzi J, Adadzi W, Kerna NA, Flores JV, Nwokorie U. Simplifying a Complex Anatomical Condition: A Summary of the Diagnosis
and Treatment of Specific Chiari Malformations. EC Clinical and Experimental Anatomy. 2020 Oct 1; 3.11: 38-47.

Simplifying a Complex Anatomical Condition: A Summary of the Diagnosis and Treatment of Specific Chiari Malformations
42

Figure 5: MRI (T1-weighted) of CM-IV: normal-sized posterior fossa with a small portion of the quadrangular
lobule caudal to the tectum; no associated meningomyelocele noted.
Note: Adapted from Hadley (2002) [25].

Diagnostic imagining of Chiari malformations (CMs)
Magnetic resonance imaging (MRI) is the most utilized and appropriate imaging technique for diagnosing Chiari malformations [1,3].

MRIs provide essential details about the anatomy of the abnormalities and associated hydrocephalus and syringomyelia [1,3,7,13]. CT-

myelography (cisternography) can be used in patients who cannot tolerate MRI [1,3]. An MRI CSF-flow study is applied to observe the

flow of CSF through the foramen magnum, which assists in differentiating asymptomatic Chiari type 1 malformation and asymptomatic
cerebellar displacement [1,22,24].

Treatment of Chiari malformations (CMs)
Patients with CM-I, who do not exhibit significant symptoms, are treated conservatively with observation [1,3]. Those patients with

mild neck pain and headache are treated with pain medications, muscle relaxants, and ice packs. Surgery is recommended for patients

with more severe symptoms and blockage of CSF flow, as demonstrated on MRI [1,6,7,11,14]. The goal of surgery is to repair or decom-

press the mechanical defect at the cervicomedullary junction and restore normal CSF flow (Figure 6 and 7). Post-surgical complications
include leakage of CSF from the incision, pseudo-meningocele (a CSF collection under the skin), and infection [1,11,14].
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Figure 6: Depiction after decompression surgery to remove bone, creating space for the brainstem and cerebellum.
The dura is opened and patched to allow for more CSF space.
Note: Adapted from Mayfield (2018) [5].

Figure 7: MRIs before and one year after surgery, showing restored CSF flow.
Note: Adapted from Mayfield (2018) [5].

A contemporary classification system for Chiari malformations (CMs)
As diagnostic imaging has evolved, so has the nomenclature and differentiation of Chiari malformations, transitioning from one type to

another type. Thus, a contemporary classification system has been proposed [26].
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Chiari type 1.5 formation is now more commonly observed and diagnosed than in the past. Chiari type 1.5 malformation is considered

a slightly more complex form of CM-I, depicting cerebellar tonsillar herniation with caudal herniation of some portion of the brainstem
[27–29]. Fisahn., et al. (2016) described the “only reported case” of Chiari 3.5 malformation, involving an occipitocervical encephalocele

with a communication to the stomach [30].

Some researchers opine that the classification CM-IV should be eliminated [31], while others posit that the Chiari classification system

should be dismantled to develop a more representative system based on current technologies, findings, and interpretations [32–34]. As

a footnote, there is ongoing debate regarding the validity of the eponym itself, believing that it does not accurately represent the history
and identification of this clinical anatomical malformation [35–37].

Conclusion

Chiari malformation is one of the most prevalent anatomical abnormalities affecting the craniovertebral junction. These abnormalities

include neural and skeletal structures. Patients with Chiari type 1 malformation are the only CM-affected patients who may appear clearly
normal after birth. CM-I may be asymptomatic or have symptoms ranging from headaches, vertigo, sensory changes, limb weakness, im-

balance, and ataxia to hearing loss. Surgery is the treatment of choice for those who present with significant symptoms. Surgery is most

often the only choice for the more severe types of Chiari malformations; however, as the severity of the formation increases, the prognosis
decreases. Caution should be advised regarding specific sports in the CM-I population. Primary healthcare providers and emergency room

personnel should be on guard for the presence of Chiari malformations in patients presenting with neck pain, paresthesia, and related
CM-I symptoms after trauma.
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