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INTRODUCTION

The clinical presentation of Chiari I malformation (CMI) 
patients is often highly variable. They often present with 
a multitude of seemingly unrelated complaints, and 
frequently have normal neurological examinations. Chiari 
I malformation is being diagnosed more frequently as an 
incidental finding on cervical MRIs performed for neck 
pain, or cranial MRIs obtained in the course of a workup 
for headache.

Recently, some surgeons have “over-operated” on 
asymptomatic patients with CMI, while others have 
operated on CMI without meeting the requisite 
radiographic criteria. Unfortunately, only a subset of these 
spinal surgeons have been admonished for indiscriminate 
Chiari I surgery.

Nevertheless, the majority of spine surgeon operate 
on these hindbrain malformations when they are truly 
symptomatic, e.g. contributing to impaired cerebrospinal 
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Abstract 
Background: The diagnosis and management of Chiari I malformations (CMI) 
remains controversial, particularly since it is often an incidental finding on 
cervical MR scans performed for neck pain and/or headaches. Recently, some 
surgeons “over-operated” on asymptomatic patients with Chiari I malformations, 
or even on those without the requisite radiographic diagnostic features for Chiari 
I malformations: unfortunately, only a subset were admonished for indiscriminate 
surgery. Nevertheless, when this hindbrain malformation is truly symptomatic, 
contributing to impaired cerebrospinal fluid (CSF) circulation, various valid surgical 
management strategies may be adopted.
Methods: This review focuses on the current literature regarding the clinical 
presentation, diagnosis, and surgical management of Chiari I malformation. 
Variations in the surgical technique are also presented and critiqued.
Results: The recommended treatment for Chiari I malformations I consists of 
decompressive suboccipital craniectomy and duroplasty when abnormal cine-flow 
MRI is observed preoperatively and blockage of CSF flow persists intraoperatively 
despite bony decompression.
Conclusions: Controversy continues regarding the optimal surgical technique to 
address Chiari malformations I. Proper diagnostic studies and patient selection 
are needed to optimize patient outcomes, while avoiding unnecessary surgical 
procedures. 
Key Words: Chiari malformation I, decompression, duroplasty, operative contro-
versy, suboccipital craniectomy, surgical indications
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fluid (CSF) circulation by crowding the foramen 
magnum. Here, we review and focus on the various valid 
controversial surgical management strategies that may be 
adopted to treat  CMI [Table 1].

Table 1: Summary Table for Chiari I Malformations

Section Summary

Heterogeneity of Chiari I Malformations (CMI) Heterogeneous disorders characterized by
herniation of the hindbrain into the foramen magnum

Symptoms Typical of Chiari I Malformations I (CMI)  Clinical complaints vary and fluctuate, Often a paucity of physical findings.
CMI with Syringomyelia CMI is not a degenerative condition, but patients with resultant syringomyelia show 

progressive neurological deterioration.
MR: Diagnostic Test of Choice for Chiari I 
Malformations (CMI)

Cerebellar tonsillar herniation 5mm below the foramen magnum raises the suspicion of 
CMI
CMI still a "clinical diagnosis".

MR Grading Scales for Chiari I Malformations (CMI) Normal cerebellar tonsils on a sagittal MR extending 8mm above to 2-3mm below the 
foramen magnum
For CMI, tonsillar herniation is 3-5mm below the foramen magnum.

Axial T2 MR Diagnosis of CMI Crowding of the medulla/upper cervical cord due to descended cerebellar tonsils best seen 
on axial T2 MRI scans through foramen magnum.

Cine-phase Contrast MR for Diagnosing CMI Determines CSF flow dynamics at the craniocervical junction 
May be used to determine if posterior fossa decompression is warranted
Test demonstrates flow pattern abnormalities (dorsally/ventrally) 
Facilitates operative planning 

CMI: Primary Pathology is CSF Flow Obstruction Pathology of CMI not due  to absolute location of tonsillar herniation through foramen 
magnum.
Aim is restoration of normal CSF flow both dorsally and ventrally 

Intraoperative Ultrasound for CMI Surgery Determine whether the dura and/or the arachnoid should be opened following posterior 
fossa/upper cervical decompression
Visualizes in "real time" pistoning of the cerebellar tonsils
Helps determine whether decompression is adequate or if duroplasty is needed

Controversies Regarding Surgical Techniques for CMI 
Without Hydrocephalus

Mainstays of surgical treatment include suboccipital craniectomy with or without C1/C2 
laminectomy or suboccipital decompressions (SOD).

Dural or Arachnoid Opening for Performing CMI Each surgical modification for CMI increases the potential for improved surgical outcomes, 
but increases risks

Decompression and Dural Opening with Duroplasty 
for CMI Without Syringomyelia

Studies noted 84% clinical improvement   in patients undergoing foramen magnum 
decompression accompanied by dural opening and/or duroplasty, to enlarge the cisterna 
magna[

Decompression and Dural Opening with Duroplasty 
for CMI With Syringomyelia

Foramen magnum decompression with incision in the outer layer of dura or complete dural 
opening followed by duroplasty did significantly better than without duroplasty

Craniectomy Size for Posterior Fossa Decompression 
for CMI

Those with larger craniectomies had better outcomes

Risks of Cerebrospinal Fluid Fistulas (Leaks)  
After Duroplasty for CMI

Expansile duroplasty is thought to decrease foramen magnum crowding Restores more 
normal CSF flow dynamics.

Duroplasty Graft Material Utilized for CMI Multiple biologic substitutes include autologous pericranial grafts, various cadaveric 
substitutes (dura, pericardium, fascia lata), synthetic dural substitutes (e.g. silastic, 
gortex, and polyglactin mesh.[18] ),  combined with collagen matrix (microfibrillar collagen)

Optimal Sutures for Duroplasty/Dural Repair for CMI Best suture material for dural grafts is 7-0 Gortex suture (W.L. Gore Associates, Elkton, 
MD, USA

Dural Substitutes Pose Several Major Risks When 
Utilized in CMI Surgery

Autologous pericranium was the leading choice for duroplasty.[

Dural Sealants Utilized for CMI Onlay products include cellulose strips, collagen sheets (microfibrillar collagen), fibrin glue, 
and fibrin sealants. 
Two fibrin glues, DuraSeal and BioGlue are not FDA approved for this indication in the US
Fibrin sealant Tisseel (Baxter, Deerfield Il, USA), although not FDA approved for use in the 
posterior fossa, has been safely utilized, although "off-label", for decades in multiple clinical 
cranial and spinal studies

HETEROGENEITY OF CHIARI I 
MALFORMATIONS

The Chiari malformation is a heterogeneous group of 

Contd...
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Table 1: Contd...

Section Summary

Microfibrillar Collagen: An Adjunct to Dural Sealants/
Closure Following CMI Surgery

Dura-Guard, Duragen, and Durepair were all safe and effective in healing surgically created 
defects in the dura

Shunting for Syringomyelia with CMI in Disfavor Shunting of the obex and primary shunting for syringomyelia associated with CMI are now 
in disfavor

Cranioplasty Following Posterior Fossa 
Decompression for CMI

Expansive cranioplasty after posterior fossa decompression may provide protection, 
cosmesis, and potentially decreases headaches

Patient Selection for CMI Surgery Criteria for CMI surgery should include symptomatic individuals with aabnormal MRI with 
foramen magnum crowding, an abnormal cine-flow MRI, or CMI with an associate syrinx
Some have even had their licenses suspended, particiularly when clinical indications were 
minimal, or when operating on incidental but asymptomatic MRI findings  (e.g. of CMI) 
discovered in the course of evaluating cervical radiculopathy

"Unnecessary" CMI Surgery Some have even had their licenses suspended, particiularly when clinical indications were 
minimal, or when operating on incidental but asymptomatic MRI findings  

disorders characterized by herniation of the hindbrain into 
the foramen magnum. In CMI as the cerebellar tonsils 
encroach on the brain stem at the craniocervical junction, 
CSF flow is decreased and diverted along alternate 
pathways. This change in CSF flow dynamics contributes 
to the various clinical complaints characteristic for CMI.

SYMPTOMS TYPICAL OF CHIARI I 
MALFORMATIONS I

Clinical suspicion that CMI exists is key, since patients’ 
clinical complaints vary and fluctuate, and are often 
accompanied by a paucity of physical findings. CMI 
patients often present as young adults with a multiplicity 
of often vague complaints: headache, neck pain, 
generalized discomfort with nausea, vomiting, dizziness, 
fluctuating hearing loss, visual disturbances, paresthesias, 
weakness, fatigue, and gait difficulties. The physical 
examination may change from office visit to office visit, 
revealing on some occasions no focal abnormalities, to at 
other times, demonstrating nystagmus, cerebellar signs, 
or frank myelopathy.

CHIARI I MALFORMATIONS WITH 
SYRINGOMYELIA

Although CMI is not considered a degenerative condition, 
patients who develop accompanying syringomyelia may 
show progressive neurological deterioration. Of critical 
import, syringomyelia, seen in roughly 65–80% of CMI 
patients, typically responds with decreased syrinx size 
following effective surgical management of the CMI.[14,15,24]

MR: DIAGNOSTIC TEST OF CHOICE FOR 
CHIARI I MALFORMATIONS

Although the MR scan documenting cerebellar tonsillar 
herniation 5 mm below the foramen magnum typically 
raises the suspicion of CMI, CMI still remains a “clinical 
diagnosis”.

MR GRADING SCALES FOR CHIARI I 
MALFORMATIONS

The normal location of the cerebellar tonsils on a sagittal 
MR scan is defined as extending from 8 mm above to 
2–3 mm below the foramen magnum. For patients with 
CMI, the cerebellar tonsils descend/herniate through the 
craniocervical junction. In symptomatic adults, tonsillar 
herniation is suspected/defined as 3–5 mm below the 
foramen magnum. As cerebellar tonsils are thought to 
ascend with progressive age, most patients present as 
young or middle-age adults.[17] 

AXIAL T2 MR DIAGNOSIS OF CMI

CMI can be detected on cranial MRI or cervical MRI 
scans as long as the craniocervical junction is adequately 
visualized. The crowding of the medulla and upper cervical 
cord secondary to the descent of the cerebellar tonsils is 
best identified on axial views of T2W (weighted) MRI 
scans obtained through the level of the foramen magnum.

CINE-PHASE CONTRAST MR FOR 
DIAGNOSING CMI

Cine-phase-contrast MRI is a useful adjunct to determine 
CSF flow dynamics at the craniocervical junction in CMI 
patients, and may be utilized to decide whether posterior 
fossa decompression is warranted.[1,2,19,25] As this test 
demonstrates flow pattern abnormalities both dorsally 
and ventrally, it further facilitates appropriate operative 
planning (e.g. the optimal surgical approach).

CHIARI I MALFORMATIONS: PRIMARY 
PATHOLOGY IS CSF FLOW OBSTRUCTION

The primary pathology in CMI is attributed to CSF flow 
obstruction, rather than the absolute location of tonsillar 
descent below the foramen magnum. The primary goal of 
surgery, therefore, is to restore normal CSF flow dynamics 
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at the craniocervical junction, and hence, decrease the 
signs/symptoms attributed to CMI. Although successful 
CMI surgery frequently does not resolve all of the clinical 
complaints, it does prevent the subsequent development 
and/or progression of syringomyelia. Hence, restoration 
of normal CSF flow both dorsally and ventrally on CMI 
patients as documented utilizing cine-flow MRI scans 
serves to improve clinical outcomes following appropriate 
surgical intervention.[15,16]

INTRAOPERATIVE ULTRASOUND FOR CMI 
SURGERY

Intraoperative ultrasound helps determine whether the 
dura and/or the arachnoid should be opened following 
posterior fossa/upper cervical decompression. The value 
of intraoperative ultrasound stems from its ability to 
visualize in “real time” the pistoning of the cerebellar 
tonsils, and determine whether they have been adequately 
decompressed and/or warrant duroplasty.[4,18]

CONTROVERSIES REGARDING 
SURGICAL TECHNIQUES FOR CHIARI 
I MALFORMATIONS WITHOUT 
HYDROCEPHALUS

The surgical treatment of CMI without hydrocephalus 
remains controversial. Mainstays of surgical treatment 
have included suboccipital craniectomy with or without 
C1/C2 laminectomy or suboccipital decompressions 
(SOD). In addition, SOD may be performed with or 
without duroplasty, with or without the opening of the 
arachnoidal membrane, lysis of intradural adhesions, 
partial tonsillar resection, plugging of the obex, leaving 
the dura open, and/or posterior fossa reconstruction with 
cranioplasty. Clinical improvement, noted in the majority 
of patients treated surgically (83–100%), has been 
observed in conjunction with complication rates varying 
from 0 to 16.7%.[10] Improvement or reduction of the 
syringomyelia was also seen in 55–100% of patients.[10]

DURAL OR ARACHNOID OPENING FOR 
PERFORMING CHIARI I MALFORMATIONS

Each surgical modification for CMI increases the 
potential for improved surgical outcomes, but also 
subjects patients to certain additional surgical risks. 
In the Durham and Fjeld-Olenec meta-analysis, there 
was no statistical difference with respect to symptom 
improvement or syringomyelia (e.g. clinical outcomes) 
between posterior fossa decompression alone versus 
posterior fossa decompression with duroplasty.[6] However, 
although patients undergoing duroplasty were less likely 
to require reoperation for persistent symptoms, they 
were more prone to CSF-related complications. When 
Hankinson et al. performed an evidence-based review 
of pediatric patients with CMI and syringomyelia, they 

noted there were no Level I or IIa evidence-based studies 
comparing posterior fossa decompression to posterior 
fossa decompression with duroplasty.[10]

DECOMPRESSION AND DURAL 
OPENING WITH DUROPLASTY FOR 
CHIARI I MALFORMATIONS WITHOUT 
SYRINGOMYELIA

In Sindou and Gimbert’s meta-analysis of 12 studies 
involving adult patients with CMI without syringomyelia, 
they noted an 84% clinical improvement rate in patients 
undergoing foramen magnum decompression accompanied 
by dural opening and/or duroplasty, but with preservation 
of the arachnoid (no superiority with arachnoid opening 
was identified) to enlarge the cisterna magna.[23] Clinical 
improvement was also noted for foramen magnum 
decompression, dural opening, arachnoid opening, and 
duroplasty; however, a higher complication rate was 
observed when the arachnoid was opened.[23]

DECOMPRESSION AND DURAL OPENING 
WITH DUROPLASTY FOR CHIARI I 
MALFORMATIONS WITH SYRINGOMYELIA

In CMI patients with syringomyelia, patients undergoing 
foramen magnum decompression with incision in the 
outer layer of dura or complete dural opening followed by 
duroplasty were significantly better (P < 0.05) than those 
patients having foramen magnum decompression with 
dural and arachnoid opening but without duroplasty.[23]

CRANIECTOMY SIZE FOR POSTERIOR 
FOSSA DECOMPRESSION FOR CHIARI I 
MALFORMATIONS

The size of the decompressive craniectomy utilized to 
treat CMI is also controversial. Klekamp et al. compared 
small versus large craniotomies both with dural and 
arachnoid opening and duroplasty.[12] They determined 
that for the small craniectomy group, the syrinx size 
either decreased (87%) or was stable (11%). Alternatively, 
for the large craniectomy group the syrinx size either 
decreased (72%), remained stable (6%), or increased 
in size (22%).[12] Zhang et al. noted, in the short-term 
postoperative period (1–4 weeks), that the larger posterior 
fossa decompression appeared more effective than the 
smaller local decompressions (P < 0.05).[27] However, 
for the larger PFD there was no significant difference 
between short- and long-term efficacy (6 months to 11 
years), while the smaller PF craniectomy group showed 
clearly improved long-term efficacy (P < 0.05).[20] 
They also determined more radiologic improvement 
in syringomyelia (P < 0.05) and fewer postoperative 
complications in the smaller PFD versus those undergoing 
extended PFD (P < 0.05).[27] 
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RISKS OF CEREBROSPINAL FLUID FISTULAS 
(LEAKS) AFTER DUROPLASTY FOR CHIARI I 
MALFORMATIONS

Following a posterior fossa decompression for CMI, the 
application of an expansile duroplasty is thought to 
decrease foramen magnum crowding, while facilitating 
the restoration of more normal CSF flow dynamics. 
However, the failure to prevent a CSF leak following 
duroplasty closure results in the most common 
complication; pseudomeningocele formation.[1] This 
results in incisional CSF leaks, chemical/aseptic, and 
bacterial meningitis, the development of hydrocephalus, 
and the potential for wound dehiscence.

DUROPLASTY GRAFT MATERIAL UTILIZED 
FOR CHIARI I MALFORMATIONS

Duroplasty following posterior fossa decompression with 
durotomy for CMI includes multiple biologic substitutes; 
these include autologous pericranial grafts, various 
cadaveric substitutes (dura, pericardium, and fascia 
lata), synthetic dural substitutes (e.g. silastic, gortex, 
and polyglactin mesh[18]), combined with collagen matrix 
(microfibrillar collagen).[1] 

OPTIMAL SUTURES FOR DUROPLASTY/
DURAL REPAIR FOR CHIARI I 
MALFORMATIONS

The optimal suture material for sewing in dural grafts 
is 7-0 Gortex suture (W.L. Gore Associates, Elkton, 
MD, USA). The repair should be performed utilizing 
interrupted sutures, as running stitches may loosen or 
pull out. Furthermore, the advantage of the 7-0 Gortex 
suture is that the needle is smaller than the suture itself; 
this means that the hole created by the needle is filled 
with the suture itself limiting the hole as a potential 
source of leakage.

DURAL SUBSTITUTES POSE SEVERAL 
MAJOR RISKS WHEN UTILIZED IN CHIARI I 
MALFORMATIONS SURGERY

Several major risks accompany the utilization of dural 
substitutes applied following durotomy for CMI surgery. 
When the Pediatric Section of the American Association 
of Neurologic Surgeons published the results of a survey on 
the treatment of CMI and syringomyelia, they concluded 
that autologous pericranium was the leading choice 
for duroplasty.[11,17] Alternatively, the use of cadaveric 
dura raised concerns for introducing Crentzfeldt–Jakob 
disease, subarachnoid scarring (inflammatory adhesions), 
and failure to restore more normal CSF dynamics. 
Furthermore, biologic and synthetic grafts increased the 

potential for recurrent Chiari malformation due to the 
extent of accompanying archnoidal adhesions.

DURAL SEALANTS UTILIZED FOR CHIARI I 
MALFORMATIONS

Sealants continue to evolve from onlay products such as 
cellulose strips, collagen sheets (microfibrillar collagen), 
fibrin glue, and fibrin sealants. Two fibrin glues, DuraSeal 
and BioGlue, are not FDA approved for this indication 
in the United States.[3] Although these two products are 
easy to use and are effective dural sealants, BioGlue is 
reported to be directly neurotoxic in its own insert, while 
DuraSeal has been associated with significant “mass 
effect” contributing to neurological deficits (e.g., two 
case studies of quadriplegia when used in the cervical 
spine, and paraplegia in the lumbar spine).[8] 

Alternatively, the fibrin sealant Tisseel (Baxter, Deerfield, 
IL, USA), although not FDA approved for use in the 
posterior fossa, has been safely utilized, although “off-
label”, for decades in multiple clinical cranial and spinal 
studies. Alternatively, the second fibrin sealant, Evicel 
(Ethicon, Somerville, NJ, USA), although also not FDA 
approved for this use, has predominantly been reviewed 
in the animal literature (rats, rabbits) rather than in 
clinical studies.[8] 

MICROFIBRILLAR COLLAGEN: AN 
ADJUNCT TO DURAL SEALANTS/CLOSURE 
FOLLOWING CMI SURGERY

Zerris et al. performed a canine duroplasty study 
using three processed collagen dural substitutes. They 
determined that Dura-Guard, Duragen, and Durepair 
were all safe and effective in healing surgically created 
defects in the dura.[26] Danish and Samdani using clinical 
human trials of acellular human dermis (AlloDerm) and 
synthetic collagen matrix (Duragen) have shown that 
both products are suitable alternatives for duroplasty, with 
both demonstrating comparable complication rates.[5] 
However, Duragen had the advantage of significantly 
shorter operative times.[5]

SHUNTING FOR SYRINGOMYELIA WITH 
CHIARI I MALFORMATIONS IN DISFAVOR

Shunting of the obex and primary shunting for 
syringomyelia associated with CMI are now basically 
in disfavor.[21] Multiple studies have documented 
decreased syrinx size following proper posterior fossa 
decompressions; this averts the risk of neurologic injury 
potentially associated with either type of shunting.[6,10,13,16] 
In cases where syringomyelia persists, or is found to 
increase despite adequate posterior fossa decompression, 
syrinx to subarachnoid space, syringopleural, or 
syringoperitoneal shunting may still be considered.
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CRANIOPLASTY FOLLOWING POSTERIOR 
FOSSA DECOMPRESSION FOR CHIARI I 
MALFORMATIONS

Expansive cranioplasty after posterior fossa decompression 
may provide protection, cosmesis, and potentially 
decreases headache.[18] Oro has advocated reconstruction 
of the skull by expansive cranioplasty to allow for a rigid 
surface for attachment of the suboccipital musculature to 
reduce the muscle-dural scarring.[18] Further studies are 
needed to determine the efficacy of cranioplasty.

PATIENT SELECTION FOR CHIARI I 
MALFORMATIONS SURGERY

The choice of patients for CMI surgery should include 
symptomatic individuals who demonstrate an abnormal 
MRI with foramen magnum crowding, an abnormal cine-
flow MRI, or CMI with an associate syrinx. Operating 
on any CMI patient with low lying cerebellar tonsils 
in the absence of an abnormal cine-flow MRI will 
potentially result in an “unnecessary” operation. Multiple 
patients have been operated on for only headache and 
marginally low lying cerebellar tonsils, only to have 
their clinical symptoms persist postoperatively. Likewise 
multiple surgeons have been accused of performing 
“unnecessary” CMI surgeries. Some have even had their 
licenses suspended, particularly when clinical indications 
were minimal, or when operating on incidental but 
asymptomatic MRI findings (e.g. of CMI) discovered in 
the course of evaluating cervical radiculopathy.[9,7,22]

SUMMARY

Multiple controversies in the treatment of CMI still 
persist. Cine flow MRI appears to be a useful tool 
both preoperatively and postoperatively to determine 
the adequacy of posterior fossa decompression. The 
adjunctive utilization of intraoperative ultrasound may 
help further determine the need for dural opening and 
duroplasty. The bony extent of the cranial decompression, 
the need for duroplasty, the choice for the dural substitute 
material and/or dural sealant used, and the need for an 
expansile cranioplasty, all remain controversial.
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