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ABSTRACT 
Objective: Observe whether the suboccipital foramen magno decompression, duraplasty 
and microsurgery lyses of arachninodal bands are a safe and an effective treatment. Method:  
A retrospective study was carried out with 26 consecutives patients with CM1 malformations 
diagnosed, evaluated and operated at the Neurosurgical department of Servidores do Estado Hospital 
(HSE), from 1986 to 2010. The radiological studies, patient records, surgical descriptions, and when 
available, surgical videos, were reviewed, creating a database from which information pertinent to 
the present study was collected. The follow-up varied from 8 to 168 months (mean, 48 months). 
Results: Twenty-six patients underwent posterior fossa decompression with duraplasty. In this 
series, there is no operative death. We noticed beneficial outcome in 69.2% of patients, and 4 cases 
of transient postoperative complications. Conclusion: This experience with 26 cases CM1 proved 
that suboccipital craniectomy; duraplasty with autologus pericranium and microlysis of adhesions 
is a safe and effective procedure.
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RESUMO 
Craniectomia suboccipital e duroplastia para o tratamento da malformação de Arnold-Chiari 
tipo 1: experiência com 26 pacientes 
Objetivo: Observar se a descompressão cirúrgica do forâmen magno associada à duroplastia é um 
procedimento seguro e eficaz para o tratamento da malformação de Arnold-Chiari tipo 1. Método: 
Realizaram-se revisão retrospectiva dos prontuários, descrições cirúrgicas e imagens de 26 pacientes 
com malformação de Arnold-Chiari 1 operados no Hospital dos Servidores do Estado (HSE) no período 
entre 1996 e 2010. Resultados: O tratamento em 18 pacientes (68%) constitui-se de craniectomia 
suboccipital, remoção do arco posterior de C1 e duroplastia. Os mesmos procedimentos foram 
acrescidos de laminectomia de C2 em 8 indivíduos (32%). Nesta série, não ocorreu nenhum óbito 
cirúrgico e observou-se melhora sintomática em 68% dos pacientes. Conclusão: A craniotomia occipital 
com a remoção do arco de C1 e/ou laminectomia de C2 e duroplastia mostrou-se eficaz, com baixa 
morbidade e sem mortalidade.
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Introduction

The Chiari malformation 1 (CM1) is regarded as a 
pathological hindbrain maldevelopments characterized 
by downward herniation of the cerebellar tonsils at least 
3 to 5 mm below the foramen Magnum.4,10,22 

There has been open debate on the best operative 
treatment of this disease. Ellenbogen et al.5 described over 
20 different practiced operations directed at CM1, but the 
optimal surgical management of CM1 is still unclear. Nowa-
days there is two main accepts techniques to treat the CM1: 
suboccipital decompression with duraplasty (PFDD) and 

suboccipital decompression without duraplasty (PFD).3,8,9,11-

18,20,23,24,26-28 This paper presents our experience with suboc-
cipital decompression with duraplasty and microsurgery 
lyses of arachninodal bands in 26 consecutives patients.

Material and method

A retrospective study was carried out with 26 con-
secutives patients with CM1 diagnosed, evaluated and 
operated at the Neurosurgical Department of HSE, from 
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1996 to 2010. The radiological studies, patient records, 
surgical descriptions, and when available, surgical 
videos, were reviewed, creating a database from which 
information pertinent to the present study was collected. 
The follow-up varied from 8 to 168 months (mean, 48 
months). This paper is a retrospective study; it has in-
herent biases and drawbacks; only a large prospective 
study can overcome this weakness. 

Surgical procedure: In all cases the same micro-
surgery technique was used, following these general 
steps: general anesthesia with a carefully endotracheal 
intubation, then the patient is carefully placed in ventral 
decubitus position resting on the thoracolumbar support, 
and the head placed in the Mayfield. The procedure starts 
with the use of a 4,5x loupe and co-axial lightning. With 
a scalpel, a rectilinear midline incision is made starting 
in the superior occipital line and extending down to C3/
C4 level. The fascia is opened in midline with a scalpel 
and the paravertebral muscles are carefully disinserted 
and laterally retracted with a periosteum elevator. With 
the autostatic retractors the exposure and the suboc-
cipital scama, the posterior arch of C1 and the spinous 
processes and lamina of the C2 are visualized. Removal 
of the posterior arch of C1 is performed with the use of 
air drill and Laksell rongeur, if the cerebellar tonsils are 
at or bellow C2, the spinous processes and lamina of the 
C2 is removed as well. We perform a limited suboccipital 
craniectomy (4 x 4 cm) to enlarge the foramen magnum 
(FM) and allow for both decompression and mainte-
nance of the posterior fossa neural elements.

During the whole procedure, careful hemostasia is 
performed with bipolar forceps under saline irrigation 
to keep the field bloodless, to prevent adhesions that can 
be induced around the spilled blood. At this moment, 
surgical microscope is introduced, and using a 10 to 16x 
magnification the dura mater is sectioned in Y-shaped 
fashion allowing access to neural element. The free 
border of the dura mater is sutured in the paravertebral 
musculature. Following, we made the microlysis of the 
adhesions that involves the brainstem, spinal cord and 
posterior inferior artery with extremely care to lyses only 
the adhesions without damage functional tissue or ves-
sels, avoiding complications and, if necessary, the reduc-
tion or amputation of cerebelar tonsils, establishing an 
outlet for the forth ventricule. Duraplasty is performed 
with pericranium to prevent straitening of the dural sac 
diameter and adhesions to the medulla or spinal cord. 
(Figures 1 A, B, C and D e Figures 2 A, B, C and D) 
Valsalva maneuver is performed aiming to detect the 
existence of a cerebral spinal fluid (CSF) leakage, which is 
sutured if present. Biological glue has been recently used 
on the suturing line with the purpose of preventing CFS 
fistula. The closure of the paravertebral musculature and 
fascia is performed in 3 planes to prevent muscle atrophy 
and cervical pain; the skin is sutured with 3.0 nylon. 

Figure 1 – (A) Preoperative sagital T1 MR imaging demonstrating 
cerebellar tonsil herniation through the FM. (B) Postoperative 

sagital T2 imaging after FM decompression and partial reduction 
of cerebelar tonsils, showing the CSF around brainstem and 

cerebellum, indicating that adequate decompression was achieved. 
(C) Operative image of the same patient demonstrating herniation 

of both cerebellar tonsils through the FM. (D) Operative image 
after partial subpial aspiration of cerebellar tonsils and lyses of 
adhesion, revealing reduction of the tonsils size and the spinal 

medullary junction.
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Figure 2 – (A) Sagital T2 RM revealing CM with compression of brainstem and syringomyelia (arrow). (B) Post-operative T2 RM showing 
foramen magno decompression and decreased of the syringomyelia (arrows). (C) Intraoperative photographs demonstrating herniation of 

both tonsils. (D) Operative view of the posterior inferior artery, after tonsillectomy. 

Results 

In this series, there were 14 men and 12 women 
ranging in age from 5 to 72 years (Figure 3). 

The duration of the symptoms varied from 2 months 
to 14 years (Figure 4). The signs and symptoms can be 
appreciated in the table 1.

The syringomyelia was present in 10 individuals 
(38.4%). Scoliosis was detected in 6 patients (23%). We 
diagnosed 4 cases (15%) of basilar invagination; one 
of them needed a trans oral odontectomy followed by 
posterior fixation. 

Eighteen patients (69.2%) underwent posterior fossa 
decompression and removal of the posterior arch of 
C1 with duraplasty. In 8 patients (30.7%), because the 
cerebelar amygdales reach the level of C2, we added 
C2 laminectomy. In 6 (23%) patients, we added tonsil-
lectomy to improve the CSF flow.

There is no operative death in this series, but oc-
curred 4 (15.3%) cases of postoperative transient com-
plications without definitive neurological repercussion: 
one case of meningitis was cured with antibiotics. One 
patient developed CSF fistula that needed operative clo-
sured, another one with postoperative cerebellar ptosis 
needed cranioplasty, and a case of pseudo meningocele 
that resolved without further treatment. 

During the follow up, we observed early beneficial out-
come in 18 patients (69.2%), stabilization of the disease in 
8 individuals (30.7%). Of this group, 6 (23.3%) showed late 
deterioration. In 10 patients diagnosed with syringomyelia 
only 3(30%) had a sustained improvement, as oppose as 
in the individuals without syringomyelia that present a 
permanent improvement in 10 individuals (62.5%) of the 
cases. Two patients died for clinical problems not related 
to CM1. One died of upper GI bleeding 3 years after the 
surgery and the other died of pulmonary cancer.
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Figure 3 – Bar graphs revealing the age of 26 patients with CM1.

Figure 4 – Pie chart showing duration of signs and symptoms  
(in months) of 26 patients with CM1.

Table 1 – Sing and symptoms of 26 patients with CM1

n %

Pararesis 16 64

Hiperreflexia 13 52

Babinski 12 48

Arms paresis 12 48

Headache 12 48

Ataxia 11 44

Disestesias 11 44

Nistagmo 4 16

Dismetria 3 12

Hands muscle atrophy 2 8

Torcicolo 2 8

S. Horner 2 8

Disartria 2 8

Disfagia 2 8

Diplopia 2 8

Discussion

There are several mechanisms to explain patho-
genenesis of syringomyelia5,7 but this is discussion is 
beyond the scope of this article.

There has been open debate on the best operative 
treatment of this disease.3,6,8,9,11-18,20,23,24,26-28
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The majority published series showed the benefits of 
the association of suboccipital craniectomy to enlarge 
the FM and duraplasty in achieving good surgical 
results.1,2,5,6,8,13-15,19-21,23,24,26-28

But duraplasty and intradural manipulation have 
been associated with morbidity in certain series and 
some surgeons are advocating bony decompression 
only, as there appears to be a subset of patients who 
respond to this more simple intervention.3,9,11,13,14,24,28 
The literature shows a low complication rate after non 
duraplasty decompression, but several patients submit-
ted to bony decompression alone did not improved and 
needed reoperations.5,13,16

The advantage of opening the dura is that it provides 
the necessary exposure to allow the microlysis of the 
adhesions that involves the brainstem, spinal cord and 
posterior inferior artery and if necessary the reduction 
or tonsillectomy. The microlysis of the adhesion is an 
important part of surgery. We are not in agreement with 
the authors who claim that a carefully performed mi-
crosurgery intradural operation creates more scarring 
and subsequent failure than an extradural procedure.

Bindal et al.2 concluded that symptoms secondary 
to brain stem compression seemed reversible with de-
compressive surgery with duraplasty, whereas results 
with syringomyelia were much less dramatic with the 
same procedure. 

Saez et al.21 presented the surgical decompression 
and duraplasty experience of 60 cases. They reported 
beneficial outcome in 65% of adult patients. The inci-
dence and quality of postoperative improvement were 
greater initially but tended to decrease after several 
years.

In the experience of Paul et al.18, 69 patients under-
went suboccipital craniectomy and C 1-3 laminectomy. 
In addition to the decompression, a fascial graft was 
interposed between the edges of the dural incision. 
They reported early improvement of the preoperative 
symptoms in 82% of patients. 

Tubbs et al.26,27 recommend that patients with CM1 
and syringomyelia undergo a decompressive surgery 
and duraplasty, if the veils are present, they should be 
fenestrate.

Milhorat and Bolognese13 and Milhorat et al.14 report 
that the most effective procedure with minimal com-
plications has been a tailored osseous decompression 
of the craniocervical junction, duraplasty employing 
autologus pericranium, and microlysis of arachnoidal 
adhesions and tonsillar shrinkage as determined by 
intraoperative color Doppler ultrasonography.

McGirt et al.12 advocated decompression with dura-
plasty only for the patients with tonsillar herniation to or 
bellow C2 and in the cases with associated syringomy-
elia. They used ultrasound in 279 cases of suboccipital 
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and C1 bony decompression alone, normal systolic 
pulsation of the tonsils and expansion of subarachnoid 
space was observed in 46% of the patients.

Mutchnick et al.16 performed a review of CM1 de-
compressions in 121 patients, 56 underwent PFD and 
64 patients underwent PFDD. Of the 56 PFD patients, 
7 (12.5%) needed a subsequent PFDD for symptomatic 
recurrence and they concluded PFD was associated 
with a higher rate of repeated decompression but they 
believe that may be justified by the significantly lower 
morbidity rate.

Furtado et al.6 preferred a durotomy in addition to 
bone decompression at the FM. This preference, they 
believe, is based in the presence of arachnoidal veils 
at the foramen of Magendie that also contribute to 
obstruction of CSF flow at the FM.

Among Us, Silva et al.8 preferred a craniectomy, 
aspiration of the tonsils and dural graft, creating a large 
cisterna magna. Taricco e Melo25 performed PFDD plus 
fourth ventricule shunting in 29 individuals. They no-
ticed improvement in 84% of them. Romero e Pereira20 
operated 6 patients with PFD and 10 with PFDD and 
suggested that patients with syringomyelia may have a 
higher like hood of improvement after PFDD.

The aforementioned studies clearly showed that 
optimal surgical management of CM1 is still unclear. 
This current experience with 26 cases of CM1 with 
suboccipital craniectomy, duraplasty with autologus 
pericranium and microlysis of adhesions proved a safe 
and effective procedure with symptomatic improving 
of 69.2%, result similar to others published series in 
the literature.2,16,18,21 In patients with syringomyelia, we 
observed that the improvement were much less dramatic 
with the same procedure. To date, there is no a clear 
answer if the patients, after an adequate FM decompres-
sion, but with a maintained syringomyelia should be 
reoperated and which procedure should be done. We 
did not reoperated a single patient with a maintained 
syringomyelia.

Conclusion 

The neurosurgeon can elect either PFDD or PFD as 
the appropriate treatment, but the surgery must enlarge 
the foramen magnum and allow for both decompression 
and maintenance of the posterior fossa neural elements 
and reestablish the CSF flow. A further investigation is 
needed to define with clarity which surgery is better for 
a specific individual. What is appropriate for one patient 
is not necessarily appropriate for other. 

The use of color Doppler US during surgery to taylor 
the foramen Magno decompression and the necessity of 

duraplasty is an interesting new area of research with po-
tentially important clinical implications, but more work 
is necessary before definitive conclusions can be made.
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