Chiari 1 malformation presenting as strabismus: a case series of 12 patients and review of the literature
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Abstract

Aim: To report a series of 12 patients presenting with strabismus or diplopia as the major finding associated with the Type 1 Chiari malformation [C1M].

 
Methods: Retrospective chart review of patients seen in one private strabismus practice.

 
Results: Twelve patients met the inclusion criteria, ranging in age from 6 to 50 years. Seven patients presented with a new onset strabismus that led to the diagnosis of C1M, while 2 had strabismus at the time that C1M was diagnosed. A further 3 patients were diagnosed with C1M after presenting with diplopia associated with ocular motor abnormalities short of frank strabismus.  

Esotropia was the most frequent finding. 
Most patients were managed with prism glasses. Two patients underwent neurosurgical decompression of their C1M, with minimal improvement of their strabismus; one patient underwent subsequent successful strabismus surgery. A second patient had strabismus surgery as primary treatment with early orthotropia. 

Conclusions: Acute onset strabismus with few or no other neurological findings may be the presenting feature of C1M. Although neurosurgery is required in some cases, primary strabismus management (surgical or prismatic correction) can be successful, particularly when strabismus is an isolated finding.
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Introduction 

Chiari malformations are structural anomalies of the caudal cerebellum and medulla. The most common of these malformations is Type 1 (C1M), defined as herniation of the cerebellar tonsils at least 3 to 5 mm below the foramen magnum (1-5). Patients typically present in young adulthood with headaches and neurological symptoms reflecting involvement of the lower cranial nerves, brainstem or cerebellum. Neuro-ophthalmic symptoms and signs occur frequently, most commonly nystagmus (1). 
Strabismus as the presenting feature of C1M is relatively rare. As neurosurgical treatment of the C1M can cure the strabismus, it is likely that the relation between C1M and strabismus is cause- and- effect rather than a chance association. 
We found a total of 25 cases previously described in the literature (6-19) (Table 1). We describe a further 12 patients presenting with new-onset strabismus associated with C1M, representing the largest case series published to date (Table 2).

Methods

Cases were identified by a retrospective chart review of patients seen in one private strabismus practice (LK). Inclusion criteria were the presence of strabismus (or diplopia associated with ocular motor abnormalities short of frank strabismus), and C1M on  magnetic resonance imaging (MRI). All cases had a documented strabismus or symptomatic diplopia prior to the diagnosis of C1M.  In 2 cases included in this series, the diagnosis of C1M was established prior to their assessment at this practice.

The literature was reviewed for previous reports and case series by searching the “Medline” and “Google Scholar” databases using the keywords “Chiari”, and “strabismus” or “esotropia” or “exotropia.” Reference lists from articles identified in this manner were searched for further relevant case descriptions. In one instance, an author was contacted to obtain further information (16).

Results

The findings in our series of 12 patients are summarized in Table 1.

Review of the literature identified 14 articles detailing previous case reports, with a total of 25 patients overall. The details of these cases are summarized in Table 2.

Discussion

Chiari malformations represent a continuum of hindbrain anomalies characterized by cerebellar ectopia into the spinal canal, first described by Chiari in 1891 (20). Arnold provided an additional description of this disorder in 1894 (21), so these anomalies are often referred to as Arnold-Chiari malformation, though Chiari had both precedence and the more comprehensive description (22). Chiari malformations types 2, 3 and 4 present at birth with increasing degrees of descent of hindbrain structures through the foramen magnum, associated with structural abnormalities and severe neurological deficits.

C1M refers to isolated herniation of the cerebellar tonsils below the foramen magnum, and frequently presents later in life. It is defined radiologically as tonsillar herniation of at least 3 to 5 mm below the foramen magnum (7, 15) as seen on MRI. Osseous abnormalities at the craniocervical junction and syringomielia are common associations. Patients with C1M usually remain asymptomatic until late childhood or early adulthood (1,2). The most common symptoms are nonspecific, including headache, dizziness, neck pain, extremity weakness, dysphagia and numbness. Neurologic findings may include ataxia, dysarthria, nystagmus and cranial nerve deficits.  
Isolated acquired strabismus is a rare presentation of C1M. An extensive literature search yielded only 25 patients previously described (6-19), and these cases are summarized in Table 1. It can be seen from Table 1 that 18/25 cases (72%) were female, and that 15/25 (60%) of the cases were under 20 years of age, with an age range from 5 to 54. Approximately half the cases (14/25) presented with additional neurological features (eg nystagmus, cerebellar signs), whereas another 8 re-presented with delayed neurological signs, or recurrence or progression of strabismus, which appeared to prompt further investigation and diagnosis of the C1M. In total, 23 of 25 (88%) of these cases demonstrated either neurological features or progression at the time of diagnosis.  In all 25 cases esotropia was present, and the types of strabismus are summarized further in Table 3.
The key management decision is whether to proceed initially with management of the strabismus, or neurosurgery for the malformation. In a review of the literature, Weeks and Hamed (15) concluded tentatively that “… the appropriate sequence of treatment should first be suboccipital decompression, then strabismus surgery if spontaneous realigment does not occur”, and suggested waiting 3 to 6 months before proceeding to strabismus surgery, Defoort-Dhellemmes et al (18) recommended a 12 month delay after describing a late response to neurosurgery. The results of all available studies to date are summarized in Table 4 (for all cases where sufficient information was available). Reviewing previous case reports, neurosurgery was the initial management option in 9 patients, with effective correction of the strabismus in 6 (67%) of these.  Alternatively, initial strabismus management (ie prismatic spectacles or strabismus surgery) was employed in 12 cases, where it proved effective in 6 cases (50%).  In total, 50% of the “initial strabismus management” group required later neurosurgery.

In this case series we outline 9 cases of frank strabismus (and 3 cases of symptomatic muscle imbalance, cases 3,6 and 8) associated with C1M. Most (67%) of our patients were under 20 at presentation, and the most common presentation (67%) was esotropia (Table 3).  Of our cases, 4 presented with a “divergence insufficiency” pattern (distance esodeviation > near), while 2 cases had a “basic” pattern (equal distance and near deviations).  One patient (case 10) had a “convergence excess” pattern (near esodeviation > distance), and another patient (case 2) presented with an exotropia at near; to our knowledge these latter anomalies have not been previously described in association with C1M.  Two patients (cases 5 and 7) had a clear abduction deficit suggesting a sixth nerve palsy, without signs of raised intracranial pressure.

In contrast to the majority of previous case reports, very few of our patients reported neurological symptoms other than headache.  Only two patients (cases 10 and 11) demonstrated objective neurological signs, whilst another patient (case 8) reported paraesthesiae following the diagnosis of C1M. All patients in this series were referred for neurosurgical evaluation and 3 patients received neurosurgical intervention. Interestingly, strabismus did not resolve in any of these 3 cases; one patient (case 11) was subsequently treated with prisms, one (case 12) had successful strabismus surgery with orthotropia at 8 months, and one (case 9) was scheduled for strabismus surgery at the time of writing. Of the 9 patients who did not receive initial neurosurgical intervention, only one patient (case 10) required strabismus surgery, with orthotropia present at initial follow-up. The remaining patients were successfully managed with prismatic spectacle corrections.

Review of previous case series suggests that neurological features and/or progression of the deviation often appeared to be a “trigger” for investigations such as MRI. Other authors have indeed recommended that acute comitant esotropia, without additional neurological features, does not warrant further initial investigations (23), although a high index of suspicion is advised if there is no obvious cause, or if features such as nystagmus or poor sensory fusion are present (24).

Compared with previous case reports, our series is characterized by strabismus or diplopia without additional neurological features, and early diagnosis of C1M. There is likely a selection bias, as these cases were identified from the practice records of a strabismus specialist. In this practice, MRI is considered a standard investigation for unusual presentations of strabismus. In particular, esotropia in the absence of the usual strabismogenic factors (such as hypermetropia, amblyopia, cyclovertical anomalies and smooth pursuit asymmetry) is investigated for underlying organic disease.

A second difference in our series from the previously reported cases is the low incidence of neurosurgical intervention, and the poor efficacy of neurosurgery on strabismus. Review of the previous literature indicates that in many cases neurosurgery was considered in the setting of new or progressive neurological features, which were not prominent in our series. Some authors (7,12,15,16,18) have recommended neurosurgery as the initial management of choice for strabismus associated with C1M. Reviewing all the data available (Table 4), it can be seen that while in some cases neurosurgery corrected esotropia, other cases responded to more conservative management. 
Our experience suggests that when strabismus is an isolated feature of C1M, initial management directed at the strabismus itself can be successful. It appears that neurosurgery should be considered in the initial management when C1M is associated with other neurological features, or when it is warranted on other clinical grounds.  In cases of isolated strabismus with C1M, or in those cases where neurosurgery is declined by the patient or too complex to consider, primary management of the strabismus should proceed along normal clinical paths. The consent process must  reveal the physician’s ignorance about long term expectations of stability of the strabismus result in the face of an untreated C1M.
We suggest that C1M presenting as an isolated, new-onset strabismus is not as rare as has been previously thought, and that clinicians should investigate atypical presentations with MRI.
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 Table 1: Features of present case series

	Case
	Age(y) /Sex
	Onset
	Symptoms
	Refraction (VA)
	Findings
	Rx
	F/U (y)
	Notes

	1
	7 M
	12 m
	Diplopia, Headache
	R+0.75DS (6/8) L+0.50DS (6/8)
	ET14/E’T6
	Prism
	3
	ET26/E’T22 at 3 y F/U, MRI: 5.5 mm C1M

	2
	28 F
	15 y
	Diplopia, Headache
	R-1.50DS (6/18) 

L–0.50DS (6/9)
	Ortho distance, X’T 18
	Prism
	0.5
	R amblyopia, MRI: mild C1M

	3
	45 M
	12 m
	Intermittentdiplopia, Headache
	R–0.50DS (6/7) 

L-1.00DS (6/12)
	Intermittent esophoria (0-1), small hypertropia, reduced FR: H(-2 to <+1) V(<(0.5)
	Prism
	1.3
	MRI: 8-10 mm C1M

	4
	20 F
	8 y
	Diplopia, Headache
	R–1.25DS (6/9)

L–0.75DS (6/9)
	ET16/E’T9
	Prism
	0.1
	MRI: R cerebellar tonsil 8 mm descent, normal L

	5
	16 M
	15 m
	Diplopia (R gaze)
	R&L

–9.00DS (6/8)
	R LR-, 

PP ortho, 12ET R gaze
	Prism
	1
	Increased to 14ET PP, 22ET R gaze after few months, MRI: C1M & ethmoidal sinusitis

	6
	19 F
	11 y
	Diplopia at near
	R–0.25DS (6/8) 

L–0.50DS (6/12)
	E 1-4 (D FR 4-14)/E’ 6-12 (N FR 2-4)
	Prism
	1.3
	Esophoria, MRI: 3mm C1M & 7mm pineal cyst

	7
	18 M
	12 m
	Diplopia, Headache
	R+0.75DS (6/6) L+0.75DS (6/6)
	ET40/E’T35 L LR2-
	Prism
	0.2 (3)
	MRI: C1M to level of C2, mild hydrocephalus

	8
	9 F
	4 m
	AHP, Intermittent diplopia, Headache, Upper limb paraesthesia
	R+1.25DS (6/7.5) 

L+2.25DS (6/9)
	R IO+, 

L SO-, reduced FR: H(-2 to +6)
	Prism
	1.6
	MRI: C1M 5 mm

	9
	6 F
	2 m
	Intermittent esotropia, Headache
	R+1.25DS (6/6) L+0.75DS (6/6)
	ET25/E’T14
	NSxa
	1
	MRI: C1M to level of C2, tight cranio-cervical junction, no CSF anterior to brainstem

	10
	2 F
	16 m
	Intermittent esotropia
	R+2.00DS/

-1.25DC, L+2.50DS/

-1.25DC
	ET36/E’T42
	SSx
	5
	MRI: C1M 7mm, mild ventriculomega-ly  See noteb

	11
	60 M
	10 y
	Diplopia Oscillopsia
	R+0.50DS/

-1.00DC (6/8) 

L+0.50DS/

-0.50DC (6/36)
	ET/E’T16 (post NSx), Nystagmus
	Prism
	0.5
	See notec

	12
	14 F
	3 m
	Diplopia
	R +1.25 (6/6) 

L +1.50 (6/6)
	ET/E’T40 

L SO-/IO+ with mild L/R (no change post NSx)
	NSx then SSx
	1.2
	See noted


a Case 9 underwent a partial cervical laminectomy at age 6 ½ years, with resolution of her headache.  Six months later the ET worsened (ET35,E’T30), and she was scheduled for strabismus surgery. 

b Case 10 presented at 8 months of age with a history of intermittent in-turn of her eyes, on a background of known C1M and mild ventriculomegaly on MRI, developmental delay, and early closure of the fontanelles.  She had an infrequent transient ET. At review at age 2 years, she had an ET as documented.  She had a bimedial recession with early orthotropia. 

c Case 11 presented with a 10 year history of diplopia and oscillopsia; 8 years later he was diagnosed with C1M and underwent 2 neurosurgical procedures (decompression and shunting) with no resolution of his diplopia.  He attended this practice 2 years subsequently with findings as shown.  His previous history included corneal dystrophy with a prior penetrating keratoplasty of the right eye.

d Case 12 initially underwent neurosurgical decompression without resolution of her diplopia. She subsequently underwent bimedial recession; follow-up at 8 months indicated orthotropia. 

Legend to table: AHP = anomalous head posture, CSF = cerebrospinal fluid, D = distance, DC = dioptre cylinder, DS = dioptre sphere, E = esophoria at distance (prism dioptres), ET = esotropia at distance (prism dioptres), E’T = esotropia at near (prism dioptres), F = female, FR = Fusional reserves (prism dioptres), F/U = follow-up, IO = inferior oblique, LR = lateral rectus, M = male, m = months, N = near, NSx = neurosurgery, PP = primary position, Rx = treatment, SO = superior oblique, SSx = strabismus surgery, VA = visual acuity, X’T = exotropia at near (prism dioptres), y = years.
Table 2: Summary of previous case series and reports

	Reference
	Case
	Age/Sex
	Onset
	Symptoms
	Findings
	Neurological features
	Rx
	Notes

	Thomas & Boyle (1979) (6)
	1
	54 M
	5 y
	Headache

Transient LOC Squint
	Convergent strabismus
	DBN

Ataxia
	-
	-

	Passo et al (1984) (7)
	2
	24 F
	9 y
	Diplopia
	ET 4-15 variable ( E14/E’18 post SSx
	Delayed RN ataxia
	SSx ( recurrence ( NSx ( orthotropia
	Myopia

	Hoyt (personal communication cited by 7)
	3
	13 F
	-
	-
	ET ( recurrence post SSx
	Delayed rotary DBN
	SSx ( recurrence
	-

	Bixenman & Laguna (1987) (8)
	4
	13 F
	9 m
	Diplopia Headache
	ET30/E’T18
	GEN(delayed rotary DBN, cerebellar S/S
	SSx(ortho for 3 y witth DBN ( NSx
	F/U: 5m

	Tang et al (1989) (9)
	5
	44 F
	-
	-
	ET
	DBN, reduced DTR, ataxia
	Referred NSx
	-

	Russell et al (1992) (10)
	6
	17 M
	2 y
	Diplopia Headache
	ET10/E’T8
	HJN
	Prism & referred NSx
	-

	Akman et al (1995) (11)
	7
	13 F
	2 m
	Diplopia
	ET35/E’T25
	DBN
	-
	NSx not necessary

	
	8
	35 M
	4 y
	Diplopia
	ET56/E’T50
	GEN, increased DTR
	NSx
	No improvement early post-op

	Lewis et al (1996) (12)
	9
	17 F
	-
	-
	ET14/E’T8
	GEN
	NSx(ortho
	F/U 52 m

	
	10
	23 F
	-
	-
	E4/E’2 PP ET12/E’T6 R&L gaze
	Bilateral INO

GEN
	NSx( E2 PP, ET10 R gaze, ET 8 L gaze
	F/U 64 m

	
	11
	24 F
	-
	-
	ET4/E’T4
	GEN
	NSx(ortho
	F/U 80 m

	
	12
	36 F
	20 y
	Diplopia Unsteady gait
	ET20/LHT6 E’T4/LH’T6
	GEN Cerebellar S/S
	NSx( XT4/LHT4
	F/U 72 m

	
	13
	19 F
	5 y
	Diplopia Headache
	ET7RHT6 E’T4/RH’2
	DBN Cerebellar S/S
	Referred NSx
	Patient declined NSx

	Simon & Borchert (1997) (13)
	14
	11 F
	1 m
	-
	ET20/E’T16
	DBN

Ataxia
	SSx(ortho
	F/U 19 m

	Chavis et al (1998) (14)
	15
	29 M
	6 m
	Diplopia
	ET20/E’T10 variable
	Bilateral INO Bilateral LR2- Delayed DBN
	SSx(ortho
	F/U 10 y

	
	16
	19 F
	2 y
	Diplopia
	ET25
	Delayed nystagmus 

R INO, Ataxia
	SSx(ortho with delayed nystagmus ( NSx
	F/U 2 y

	Weeks & Hamed (1999) (15)
	17
	14 M
	1 m
	Diplopia
	ET35/E’T22 (ET24/E’T18 post SSx
	DBN Cerebellar S/S
	SSx( recurrence( NSx( E3
	F/U 11 m

	
	18
	35 F
	14 y
	Diplopia
	ET34/E’T20
	Delayed GEN DBN Alternating skew
	SSx(ortho with nystagmus & delayed skew( NSx ( small ongoing skew
	Myopia

F/U 15 y

	Biousse et al (2000) (16)
	19
	14 F
	4 m
	Diplopia
	ET35/E’T35
	-
	NSx(ortho
	Myopia 

F/U 2 y

	
	20
	15 M
	2 y
	Diplopia
	ET8
	GEN
	NSx(ortho
	F/U 3 y

	
	21
	37 F
	4 y
	Diplopia Headache

Petit mal epilepsy
	ET20
	-
	SSx(ET30 (Nil NSx (too complex) ( SSx( E2
	F/U 5y, then 3 m after 2nd SSx

	
	22
	5 M
	13 m
	Diplopia
	ET8/N ortho
	-
	SSx(ortho
	F/U 2 m

	Imes & Quinn (2001) (17)
	23
	14 F
	16 m
	Diplopia
	ET40/E’T40
	R nystagmus
	NSx( no change( Botulinum toxin(ortho
	F/U 15 y

	Defoort-Dhellemmes et al (2002) (18)
	24
	9 M
	Few days
	Diplopia Headache (Torticollis prior)
	ET35/E’T30
	Increased DTR Cerebellar S/S
	NSx(ortho
	F/U 7 y

	Pokharel & Siatkowski (2004) (19)
	25
	13 F
	1 y
	Diplopia
	ET14-16/E’T6
	-
	SSx( recurrence( NSx with no change ( SSx(ortho
	Progressive cerebellar ectopia on MRI prompting NSx, F/U 1 y


Legend to table: DBN = downbeat nystagmus, DTR = deep tendon reflexes, E = esophoria at distance (prism dioptres), E’ = esophoria at near (prism dioptres), ET = esotropia at distance (prism dioptres), E’T = esotropia at near (prism dioptres), F = female, F/U = follow-up, GEN = gaze-evoked nystagmus, HJN = horizontal jerk nystagmus, H’ = hypophoria at near (prism dioptres), HT = hypertropia at distance (prism dioptres), H’T = hypertropia at near (prism dioptres), INO = internuclear ophthalmoplegia, L = left, LOC = loss of consciousness, LR = lateral rectus, M = male, m = month, N = near, NSx = neurosurgery, PP = primary position, R = right, RN =  rotary nystagmus, S/S = signs & symptoms, SSx = strabismus surgery, y = years.

Table 3: Types of strabismus identified

	
	Previous series (Table 2): n=22
	Current (KYS) series (Table 1) n=12

	Esotropia:

  Distance > Near (( 5)

  Distance = Near

  Near > Distance (( 5)

Prominent vertical deviation
	11

10

0

(2) NB included in above
	4

2

1

0

	Incomitancy
	1
	1

	Exotropia
	0
	1

	Symptomatic phoria or muscle imbalance
	0
	3


Table 4: Primary neurosurgery vs primary strabismus management

	
	Previous series (Table 2)
	Current (KYS) series (Table 1)

	Outcome
	Initial Neurosurgery (n=9)
	Initial Strabismus Management (n=12)
	Initial Neurosurgery (n=3)
	Initial Strabismus Management (n=9)

	Effective
	6 (67%)
	6 (50%)
	0 (0%)
	9 (100%)

	Ineffective
	3 (33%)
	6 (50%)
	3 (100%)
	0 (0%)

	 - Subsequent Neurosurgery
	-
	4/6 (NB: also 2 with neurosurgery despite orthotropia)

	-
	0

	- Subsequent Strabismus Management
	1
	1/6 (NB Repeat strabismus surgery as neurosurgery too complex)
	2
	-
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