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Controversies continue to prevail regarding the ideal treatment of Chiari malformation 
(CM).[1-4] The very fact that many surgical modalities evolve and wane off over a period of 
time, denotes that a consensus has not been reached in the management of these conditions. 
For decades, foramen magnum decompression (FMD) has been the mainstay in its 
treatment.[1,2,5] However, the recent thought of cranio-cervical fusion in patients with CM has 
made the management issues more complex.[3,4] Moreover, the neurosurgeon occasionally 
faces a dilemma as to intervene or watchfully wait in cases of asymptomatic or mildly 
symptomatic CM.[6,7] This write up, apart from providing a very brief review of basic facts 
related to CM, attempts to throw light on the aforementioned controversies in light of the 
existing evidence. To be concise, we have primarily dealt with the management of CM type 1.

The primary issues that concern the management of CM include:
1. When to surgically intervene in a patient with CM?
2.	 In	the	event	of	an	intervention,	does	FMD	suffice	or	is	C1-C2	fixation	needed?		
3. In patients undergoing FMD, which technique is the most preferred?

Introduction

The term Chiari malformation, broadly include various forms of herniation of cerebellum 
beyond the foramen magnum (FM). Though acquired forms of CM are well known, in a 
wider sense, it implies a developmental origin, and is the current subject of this manuscript.  

CM	type	I,	radiologically	is	defined	as	the	descent	of	the	cerebellar	tonsils	more	than	5	mm	
(adults) or 3 mm (child) below the FM.[8] It can be frequently associated with hydrocephalus, 
syringomyelia (50-70%), and a spectrum of bony craniocervical abnormalities such as 
platybasia, atlantoaxial dislocation (AAD) and basilar invagination (BI).[5,9,10] 

Subtypes of CM
Anatomically, CM has the following subtypes, and represents a spectrum of morphological 
abnormalities of the rhombencephalon (hindbrain) with various associated anomalies. 
Traditionally, there are 4 types, with the later inclusion of its variants.[11,12] 

Chiari malformation type I
This type, frequently seen in adults is less severe, and characterized by caudal 
displacement of the cerebellar tonsils into the cervical canal. The brainstem and 4th 
ventricle are relatively in normal position. Syringomyelia can be associated in 20-70% of 
cases, although other cerebral anomalies are usually not seen. 

Chiari malformation type II
It involves caudal herniation of the cerebellar vermis, brainstem, and fourth ventricle 
through the FM. This type has frequent association (>90%) with spinal dysraphism, 
hydrocephalus and syringomyelia. Myelomeningocele is almost always associated, and 
a wide variety of supra and infratentorial anomalies are also common. 

Chiari malformation type III
This type of hindbrain anomaly presents with herniation of cerebellum and brainstem 
into an associated occipital or high cervical encephalocele. This type is the rarest, and 
most severe of the CM with poor prognosis. 

Chiari malformation type IV
This type features cerebellar hypoplasia or aplasia of the cerebellum with no herniation 
of hindbrain. These patients have relatively normal sized posterior fossa.

Chiari malformation type 0
It	is	defined	by	the	presence	of	syringomyelia	without	detectable	tonsillar	descent,	and	
that responds to posterior fossa decompression. It is postulated to result from abnormal 
CSF	flow	in	the	posterior	fossa	or	cerebellum.	

Chiari malformation type 1.5
This	later	description	specifically	refers	to	patients	with	CM	type	1	but	with	addition	
of an elongated brainstem and 4th ventricle. This is often associated with syringomyelia 
but	without	spina	bifida.
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Pathophysiology of CM

Although numerous hypotheses have been postulated on the underlying etiology of 
CM,	nothing	has	been	definite.[2,8,13] One of the prime factors linked to its pathogenesis 
is the small posterior fossa (PF) volume with crowding of hind brain structures. The PF 
volume is estimated to be 23% smaller than that in normal population.[13] 

Clinical presentation
The clinical symptomatology of CM can be categorized as those that are related to 
a)	cerebrospinal	fluid	obstruction	(CSF),	b)	brainstem	and	cerebellar	involvement	that	
also	include	cranial	nerve	deficits	and	c)	spinal	cord	dysfunction	and	syrinx.[5,8] Most 
commonly, the presenting feature is a suboccipital or cervical pain induced by Valsalva 
manoeuvre. Children tend to present with brainstem dysfunction for the obvious reasons 
that early symptoms of pain/ headache may go unnoticed in very young age. Few clinical 
attributes	specifically	to	be	remembered	in	pediatric	age	are	central	sleep	apnea	syndrome,	
hydrocephalus and levoscoliosis.[8]

Radiologic investigations
In symptomatic patients, magnetic resonance imaging (MRI) of craniovertebral junction 
(CVJ) clinches the diagnosis.[8] The MRI should also include cranial and spinal studies. 
Brain MRI is to exclude the presence of hydrocephalus which requires CSF diversion 
before treating CM, while the whole spine screening assesses the extent of syringomyelia 
and other associated spinal dysraphism. Dynamic X-rays are needed to identify any 
underlying CVJ instability. Computed tomography (CT) CVJ is performed to evaluate 
the bony anomalies, and CT angiography to delineate the course of VA and its anomalies. 
Ancillary	studies	such	as	a	phase	contrast	or	cine	MRI	are	useful	in	evaluating	CSF	flow	
across the FM. 

Management of CM type 1
When to intervene in a patient with asymptomatic CM?
The liberal use of MRI for various conditions has led to discovery of many cases of 
incidental CM.  Approximately 1% of brain MRI show CM, and 57% of pediatric CM 
diagnosed radiologically may be asymptomatic.[13] Not, everyone requires surgery. 
The decision to operate on a patient with CM becomes unambiguous when there are 
progressive symptoms attributable to CM or a large syrinx. Dilemma arises only when 
symptoms	are	ill	defined	or	when	there	is	borderline	descent	of	tonsils	or	mild	and	stable	
symptoms and a small syrinx. 

Before embarking on any intervention, one needs to be aware of the natural history 
of the CM. Though it is incompletely understood, a few handful studies that have 
analysed the clinical and radiological course of untreated CM report a benign 
favourable nature of disease.[14-16] Benglis et al followed up a cohort of pediatric 
population in which CM was diagnosed on MRI performed for other reasons, those 
with atypical symptoms not clearly attributable to CM, and those that were not 
severely symptomatic to warrant surgery.[14] It was found that majority did not show 
any clinical or radiological progression. In another study with long term follow-up 
(mean, 66.3 months), 92.9% of patients with CM type 1 managed conservatively did 
not show any clinical or radiological progression.[15] In fact, about 40% of patients 
improved in their symptoms. There have been few cases with progression in the above 
studies; however the vast majority (>93%) showed no change or rather improvement 
in	the	clinical	status	and/or	CSF	flow	at	follow	up.[8,14-16] These studies suggest that 
an expectant approach is a viable option in asymptomatic or minimally symptomatic 
patients. A periodic clinical assessment together with serial imaging should guide the 
time of intervention in such individuals. 

An recent international survey which evaluated the consensus of pediatric neurosurgeons 
as regard to surgery in asymptomatic CM summarized the following: In patients with 
isolated CM type 1 or with associated small (2 mm) syrinx, non-operative management 
is preferred by majority of the neurosurgeons (>90% and 65% consensus for respective 
conditions).[6] Non operative management is preferred by majority in asymptomatic 
patients with CM, or CM with small (2 mm) syrinx. In the presence of a large syrinx 
(8 mm), approximately 80% recommend surgery. 
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Therefore, a reasonable derivation is that patients who are not clearly symptomatic, and 
without syrinx or scoliosis need not be offered surgery, as the likelihood of progression 
of their symptoms is low. FMD for CM is advocated in patients with scoliosis especially 
when syringomyelia is present because this per se could arrest the progression of the 
deformity.[7]  

Management of symptomatic CM
In CM patients who are clinically symptomatic, there are two surgical choices that can be 
offered.	The	first	one	is	a	time	tested	traditional	FMD.	The	other	is	the	recently	described	
craniocervical	fixation	(C1-C2	fixation).	

FMD 
Outcomes after FMD
The treatment outcomes following FMD have been quite varied [Table 1].[1,17-26] Overall, 
it is effective in approximately 70% of patients. In one of the largest series by Klekamp 
et al, 73.6% showed improvement in their symptoms, while 21% remain unchanged.[1] 
Severity	of	the	arachnoid	pathology	had	significant	impact	on	the	treatment	outcomes.		
Figure 1 is an example of a good outcome following FMD. 

Although an effective procedure, there have been reports of failure of its treatment 
effects in the long run. Klekamp et al in their latest series showed that 40.2% of 
patients who underwent FMD subsequently required revision surgeries due to severe 
arachnoid scarring at the Foramen of Magendie; few of these patients eventually needed 
craniocervical fusion.[27] A 5-year follow-up after revision procedures revealed clinical 
recurrence in 34% of patients, with the remaining showing predominantly clinical 
stabilization with only marginal improvement in their neurological status.[27] Figure 2 
is an example of a patient who did not improve after FMD and follow up MRI showed 

Table 1: Recent major studies reporting outcomes after foramen magnum 
decompression
Author Year No. of 

patients
Major procedure Improved 

(%)
Stabilised 

(%)
Deteriorated 

(%)
Mean follow 
up (range)

Erdogan 
et al.[17]

2010 27 FMD* without 
duraplasty with 
duraplasty

83.3%
73.3%

8.3%
13.3%

8.3%
13.3%

No data 
available

Yilmaz 
et al.[18]

2011 82 FMD without 
duraplasty with 
duraplasty

79.1
89.6

20.9
10.4

‑
‑

9 months

Klekamp[1] 2012 371 FMD with 
duraplasty, 
arachnoid 
dissection

73.6 21 5.5%
14.3% (5 years)

15.4% 
(10 years)

49 months

Chotai 
et al.[19]

2014 41 FMD without 
(extradural 
dura‑splitting) & 
with duraplasty

84 12 5 14.7 months 
(1‑60)

Gurbuz 
et al.[20]

2015 25 FMD without 
duraplasty with 
duraplasty

33.3
84.6

66.7
15.4

‑
‑

44 months 
(12‑75)

Chen 
et al.[21]†

2017 103 FMD with & 
without duraplasty

61.2 16.5 1 Minimum 1 
year 

Jarski 
et al.[22]

2019 11 FMD with & 
without duraplasty

55 45 ‑ 50.9 months 
(8‑110)

Massimi 
et al.[23]

2019 42 Bony FMD±dural 
delamination

Complete 
resolution 

‑76.5
Improvement 

‑ 21.5

2 ‑ 11.3 yrs 
(5‑15 yrs)

De 
Vlieger 
et al.[24]

2019 105 PFD with 
duraplasty††

67.3 23.9 4.8 38 months

*FMD=Foramen magnum decompression; †One dead, 21 lost to follow up; ††4 underwent only bony 
decompression
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Chiari	with	persistent	syrinx.	The	patient	improved	after	C1-2	distraction	and	fixation	
(vide infra).

Additionally,	 the	 efficacy	of	 FMD	 in	patients	with	predominant	ventral	 brainstem	
compression is controversial. Some may not improve with FMD alone.[1,5,25,27] In fact, 
after FMD, few instances of neurological worsening have occurred requiring a transoral 
odontoidectomy.[5,27] 

FMD modifications (bony vs dural)
The conventional way of FMD comprises a suboccipital craniectomy (approximately 2-2.5 cm), 
C1 laminectomy and dural opening with expansile duraplasty. In addition, tonsillar 
resection or coagulation has been added in few depending on surgeon’s preferences. 
A	number	of	modifications	have	been	described	 stating	advantages	of	one	over	 the	
other.[2,23] Lately, there has been a shift towards less invasive FMD with bone removal 
alone without additional dural opening. 

It is an ongoing debate whether the dura needs to be opened during FMD 
procedure.[18-23,28-33] There have been studies for and against both techniques. However, 
the clinical improvement-results are more or less comparable.[13,17,21,31,33] Generally, most 

Figure 2: (Failed FMD corrected with C1-C2 distraction-fixation) – Images of a patient who had undergone FMD 
without much benefit. The CT (a) and MRI (c) show failure of FMD with persisting tonsillar herniation and syrinx. The 

C1-2 joints were opened, distracted and fixed (b) following which the patient improved and showed resolution of syrinx 
with ascent of tonsils (d). The Pre (a) and post (c) distraction-fixation CT scan show change in the angulation of the 

dens reducing the ventral indentation (marked by orange triangles)

dcb

a

Figure 1: (Good result with FMD)– Sagittal MRI of a patient with Chiari and syrinx before surgery (a) and at 5 year 
follow up after FMD (b). Note the opening up of posterior fossa and resolution of syrinx after FMD alone

ba
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surgeons open the dura.[1,6,8] This way, they believe, they can effectively address the 
arachnoid veil at the fourth ventricular outlet and the intradural adhesions. Also, studies 
suggest a better symptom resolution especially the improvement in syringomyelia, and 
lower reoperation rates after durotomy.[18,19,28-32] A latest meta-analysis suggests that FMD 
with duraplasty increased the likelihood of clinical improvement with low recurrence rates 
in patients with syringomyelia.[29] Nevertheless, owing to the associated CSF related and 
other complications, the trend is towards less invasive FMD without dural opening.[18,21,31-33] 
Recently, a major pediatric series reported long term improvement with resolution of 
symptoms in over 90% without any dural opening.[13] They suggested dural opening when 
there was higher degree of tonsillar descent that reaches C2 or beyond. Intraoperative 
assessment of adequate decompression using ultrasound can help to decide regarding 
opening of the dura. The USG assessed pulsatile motion of tonsils along with adequacy 
of ventral and dorsal CSF spaces. Leaving aside the surgeon’s discretion and lack of large 
randomized studies, the bottom line, based on recent literature evidence is that dural 
opening can be considered as an optimal technique in CM patients with syringomyelia. 

Craniocervical (C1-C2 fixation) 
As	 far	 the	 evidence	 regarding	fixation	 for	CM,	 only	 a	 couple	 of	major	 studies	 are	
available [Table 2].[3,4]	The	first	one	was	by	Goel	et al where he reported improvement 
in 96.9% of his patients over follow up of 18 months.[3] None of the patients underwent 
additional FMD. The hypothesis underlying fixation was that CM resulted from 
AAD as a compensatory phenomenon. Of late, we have presented our own results 
in	40	patients	following	C1-C2	distraction	and	fixation.[4] The joint space was opened, 
comprehensively	drilled,	distracted	with	 spacers	 and	bone	 chips,	 and	fixed	with	C1	
lateral mass (irrespective of C1 assimilation ) and C2 pedicle screws. The results of our 
study are not as promising as suggested by Goel et al with neurological improvement 
seen in only 70% of patients.[4] These results are similar to that of FMD and question 
the	tenability	of	C1-2	instability	as	the	cause	of	Chiari	and	fixation	as	the	solution.	The	
presence of associated CVJ bony anomalies such as assimilated atlas, platybasia and 
ventral	brainstem	compression	did	not	significantly	influence	the	outcome.	It	is	not	yet	
clear	which	subset	of	patients	is	likely	to	benefit	from	this	procedure.	Our	rationale	is	
‘distraction	of	C1-C2	followed	by	fixation’	which	is	entirely	different	from	Goel	et al and 
is discussed in detail in subsequent sections. Thus, the current literature is inadequate to 
recommend	fixation	as	a	treatment	for	all	patients	with	CM.				

Understanding the concept behind C1-C2 fixation for CM
Recently, Goel et al has proposed that CM is a result of an underlying atlanto-axial 
instability.[3] Supposedly, the tonsils along with CSF herniate to act as an ‘airbag’ and 
prevent compression of the cervico-medullary junction.[34] However, this compensatory 
phenomenon	is	only	temporary	and	the	patient	finally	manifests	with	symptoms.	They	
have	also	classified	the	underlying	facetal	instability	as	type	1	(C1	facet	slips	anterior	to	
C2), type 2 (C1 facet slips posterior to C2) and type 3 (there is no apparent malalignment 
between facets). Presuming that atlantoaxial instability is the underlying cause of CM, 
they have performed C1-C2 stabilization and claimed improvement in over 95% of their 
cases of CM without apparent instability. An additional FMD was not suggested.

Currently, the above hypothesis has little evidence to support it. In fact, it has 
significant	short-comings.[4] Almost 80% of patients with AAD do not have associated 
CM. Had CM been a truly protective phenomenon, majority of the patients with AAD 
would have tonsillar herniation which, of course is not the usually seen case. The 

Table 2: Major  studies  reporting outcomes after C1‑C2 fixation  for Chiari 
malformation
Author Year No. of 

patients
Major 
procedure

Improved 
(%)

Stabilised 
(%)

Deteriorated 
(%)

Mean follow 
up (range)

Goel[3] 2015 65* C1‑C2 fixation 
without FMD†

96.9 1.5 ‑ 18 months 
(3‑48)

Salunke 
et al.[4]

2019 40* C1‑C2 
distraction & 
fusion without 
FMD

70 20 7.5 23.2 months 
(13‑36)

*One expired; †FMD=Foramen magnum decompression
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‘air bag’ concept of CM is akin to one hypothesizing that herniation of neural tissue 
along with CSF in meningomyelocele is a result of an underlying listhesis. Secondly, 
CM can be present since birth and is often possible to make an antenatal diagnosis 
of CM. However, AAD has never been detected in utero or at birth. A child may be 
born with deformed, but never with dislocated joints. The deformed C1-C2 joints 
progress to overt dislocation over a period of time. Therefore, it is highly unlikely 
that CM is the result of AAD. Lastly, the theory cannot explain the phenomenon of 
spontaneous regression of syrinx seen in some patients in the presence of presumed, 
persisting instability. 

Figure 4: (C1-C2 fixation and no FMD for Chiari without instability) – CT (a) and MRI (c) Images of a patient Chiari 
with bony anomalies but no instability (normal C1-2 relationship). The C1-2 joints were opened distracted and fixed 
without FMD (b) following which the patient improved and showed resolution of syrinx and ascent of tonsils (d). The 
Pre (a) and post (c) distraction-fixation CT scan shows change in angulation of dens reducing the ventral indentation 

and opening ventral space (marked by orange triangles)

dc

ba

Figure 3: (C1-C2 fixation and no FMD for Chiari with instability) – CT (a) and MRI (c) images of a patient with AAD and 
Chiari. The C1-2 joints were opened, distracted and fixed without FMD (b) following which the patient showed clinical 
improvement with resolution of syrinx and ascent of tonsils (d). The Pre (a) and post (c) distraction-fixation CT scan 

demonstrate change in the angulation of the dens reducing the ventral indentation and opening of ventral CSF space in 
Foramen magnum (marked by yellow triangles)

dcb

a
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Besides,	 the	proposed	C1-C2	facetal	 instability	and	 its	classification	are	debatable.	 In	
normal individuals, with neck rotation, the C1 facet moves anterior to C2 on one side and 
vice-versa on the contralateral side. The position of the head in gantry would change the 

Figure 6: (Failed C1-C2 fixation for Chiari with bony anomaly) – Dynamic X-rays (a and b) of a patient with Chiari. 
Note the assimilated arch of atlas and platybasia. (c) CT scan shows assimilated atlas with platybasia but C1-2 
relationship is unaltered suggesting no instability. The patient underwent C1-C2 facetal distraction and fixation 
without FMD. Pre op (e) and post op MRI (f) show no improvement in Chiari and progression of syrinx. Pre-op 

(c) and post distraction-fixation CT (d) shows slight distraction of dens and slight reduction in ventral compression 
(marked by orange triangles). The postoperative change in angulation of dens is better appreciated on MRI (f) but 

hasn’t benefitted the patient

dc

b

f

a

e

Figure 5: (Failed C1-C2 fixation for Chiari without bony anomaly) – Dynamic X-rays (a and b) of a patient with Chiari 
without instability and any bony anomalies. The patient underwent C1-2 facet distraction and fixation without FMD. The 
Pre op (e) and post op MRI (f) showed no improvement in Chiari or syrinx. Pre-op (c) and post distraction-fixation CT 

(d) shows distraction of dens and slight reduction in ventral reduction (marked by yellow triangles)

dc

b

f

a

e
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C1-C2 facetal relationship even in normal individuals. Therefore, it seems inappropriate to 
comment on C1-C2 instability by studying the relationship of the facets on one side alone. 

Despite	the	strong	refutal	of	the	Goel’s	concept	behind	C1-C2	fixation	for	CM,	it	is	clear	
that	patients	with	AAD/BI	and	co-existent	CM	improve	after	C1-C2	fixation	alone.[4,10] 
The reason behind such effect has been described by us, and works on the basic principle 
of enlarging the PF volume.[10] In these patients, the AAD/ BI causes dural tenting at 
the level of dens and further reduces the PF volume in an already compromised small 
PF secondary to CM. Rather than stabilization, it is principally the ‘distraction of dens’ 
which causes the therapeutic effect. The anterior and inferior distraction of dens opens 
up the ventral CSF space which indirectly produces much more gain in the overall PF 
volume than the absolute volume of the dens per se [Figure 2 and 3]. The commonly 
performed transoral odontoidectomy also works on a similar principle .i.e. anterior CSF 
space	opening	and	brainstem	decompression.		However,	posterior	fixation	achieves	the	
similar result without the added morbidities of a transoral procedure.

Again in CM individuals without AAD, distraction of C1-2 joint using spacers brings down 
the dens and increases the overall PF volume.[4] The indirect decompression following 
distraction is more on the ventral aspect and brain stem symptoms are rapidly relieved 
[Figure 4]. This is how, patients with CM show improvement after C1-C2 distraction. As 
the	joint	space	is	opened	and	made	unstable,	fixation	becomes	mandatory.	

C1-2	 joint	fixation	is	not	without	problems.	The	dissection	is	difficult	especially	with	
incurved occiput and engorged venous plexus secondary to crowded posterior fossa. The 
C1-2 joint exposure may require cutting of C2 nerve root which has its own complications 
and risks an anomalous vertebral artery.[35]	Apart	 from	 this	fixation	hampers	neck	

 Figure 7: Suggested management algorithm for patients with Chiari Malformation
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rotation.	Finally	and	most	importantly,	C1-2	distraction–fixation	without	FMD	may	not	
bring about improvement in about 1/3 of patients with Chiari [Figures 5 and 6]. It is 
clear from our study that platybasia, assimilation of atlas or other bony anomalies do 
not	influence	the	outcome.[4]

C1-2 vs Occipitocervical fixation  
As discussed earlier, it is the indirect ventral decompression related to C1-C2 distraction 
that is likely to bring about improvement. Thus the procedure requires opening and 
distraction of the C1-C2 joints. Fusing the occiput to cervical spine without C1-C2 
distraction would hardly bring about any improvement and is not preferred. Furthermore, 
OC	fixation	 requires	 inclusion	 of	multiple	 levels	which	hampers	 neck	movements	
significantly	and	adversely	affects	the	quality	of	life.	

Our approach to patients with CM
In incidental cases, our protocol is an expectant management with periodic 
clinico-radiological follow up. We do not advocate any additional FMD apart from 
C1-C2	fixation	in	patients	with	CM	and	AAD/BI.	In	patients	with	CM	with	normal	C1-2	
relationship, we perform FMD without dural opening irrespective of the associated bony 
CVJ anomalies. In patients with symptomatic brainstem compression, in addition to 
FMD,	C1-C2	joints	are	opened,	distracted	and	fixed.	This	brings	about	indirect	ventral	
decompression along with posterior CSF space opening due to FMD. Our proposed 
management is highlighted in the algorithm [Figure 7]. 
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