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Abstract
Introduction The surgical treatment of Chiari type 1 (CM1) malformation is controversial and depends largely on the preference
of the surgeon. The evolution of neuroimaging resulted in an increased number of asymptomatic patients incidentally diagnosed.
Purpose To study retrospectively a population of 24 symptomatic patients with CM1 operated between 1999 and 2017 in which
intraoperative ultrasonography (IOUS)–assisted posterior fossa-C1 decompression was used to decide whether the dura mater
should be opened (CVD+) or not (CVD).
Results Most of the patients complained of headache or neck pain, 15 had hydrosyringomyelia and 14 had some spinal cord
involvement. Patients were categorized in improved, unchanged, or worse according the preoperative signs and symptoms.
Overall, 19 patients improved, 3 deteriorated, and 2 remained unchanged. Among these, 4 out 5 had syringohydromyelia.
Conclusions IOUS-assisted posterior fossa-C1 decompression is our preferred option to treat CM1. Children submitted to
intradural procedures, initially or subsequently, had increased postoperative complications. CSF fistula or pseudomeningocele
was the major cause of complication. The final result seems to correlate with the preoperative neurological status.
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Introduction

Chiari I malformation (CM1) is the ectopy of the cerebellar
tonsils through the foramen magnum (FM), congenital or ac-
quired. Aside the small posterior fossa, syringohydromyelia,
scoliosis, hydrocephalus, craniosynostosis, craniovertebral
junction (CVJ) anomalies such as atlas assimilation, odontoid
retroflexion, basilar impression, and other may be part of the
malformation [1–5].

The treatment of CM1 remains controversial and options
depend largely on the preference of the surgeon. Additionally,
with evolution of neuroimaging, the amount of asymptomatic
patients increased and further clarification on management
and natural history is needed.

This section deals with our current management of the
CM1. The so-called Chiari 0 was not included and patients
identified as Chiari 1.5 were considered as CM1 [6].

Signs and symptoms considered typical

a. Posterior headache or neck pain usually lasting less than
5 min and aggravated by Valsalva maneuver such as
cough, sneezing, laughing, and screaming [5, 7–9].
Neonates and infants may present with irritability and in-
consolable crying.

b. Signs of involvement of brain stem, cerebellum, and cranial
nerves such as oropharyngeal dysfunction, sensory and
motor deficits, impairment of fine motor control, ataxia,
nystagmus, vertigo, weakness, tinnitus, hearing loss, vocal
cord paralysis, and tongue atrophy may be found. Sleep-
disordered breathing such as snoring and central, obstruc-
tive, or mixed sleep apnea may be seen. Polysomnography
is an important and useful tool in the follow-up and
decision-making process of borderline subjects [10–13].

c. Scoliosis, syringohydromyelia, and spinal cord dysfunc-
tion. Scoliosis and syringohydromyelia are associated in
up to 70% of the cases of CM1 and these patients are
prone to progressive neurological dysfunction [8,
12–14]. Syringomyelia may cause varied spinal cord in-
volvement: motor deficit, spasticity, hyperreflexia,
suspended thermoanalgesia, and spine central canal syn-
drome. Segmental atrophy, fasciculation, and trophic
changes may be present [15].
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d. Macrocrania, ventriculomegaly, and hydrocephalus may
be found, especially infants and toddlers [16–18].

Criteria for surgical treatment

There is no agreement regarding criteria for surgical treatment.
At our institution, conservative treatment is offered to

asymptomatic patients without syringohydromyelia or with
cavitation less than 2–3 mm. They are kept under surveillance
as well as those with mild or sporadic headache, since data on
progression and natural history of these patients are lacking [3,
19–22].

Surgical treatment is offered to the following:

a. Asymptomatic patients with large syrinxes due to its po-
tential devastating effects on the growing spine [17, 22].

Fig. 1 Tailored posterior fossa-C1 procedure. a MRI showing CM1 and hydrosyringomyelia. b IOUS detecting flow across the FM. c Postoperative
MRI showing reduction of the cavities and formation of a retrotonsilar space

Fig. 2 a Preoperative flow MRI
showing obstruction at the CVJ. b
IOUS fails to detect flow across
the FM. c View through the
surgical microscope showing a
crowded posterior fossa with
tonsils bellow C1. d After tonsils
shinkrage the cervicomedullary
junction (*) and the obex (arrow
head) are seen. e Postoperative
MRI showing flow across the FM
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b. Patients with disabling or severe typical headache, with or
without syringohydromyelia.

c. Patients with related neurological signs and symptoms.
d. Patients with progressive scoliosis with or without syrinx.

Surgical procedure commonly used

We prefer the intraoperative ultrasonography (IOUS)–assisted
posterior fossa-C1 decompression. The aim of this surgery is,
whenever possible, to decompress the CVJ without opening
the dura (CVD).

a. Patients are positioned prone with the neck discreetly
flexed and the head slightly elevated from the trunk.
Intraoperative neurophysiological monitoring (IONM) is
important at this step.

b. Occipital craniectomy is limited to 3 cm around the FM
that is widely opened. The posterior arch of C1 is always
resected.

c. Thickened fibrous bands at the CVJ are removed.
d. If IOUS shows flow across the CVJ, the procedure is

terminated after osseous decompression (Fig. 1).
e. Otherwise, the dura mater is opened in a Y fashion and the

tonsils reduced with bipolar coagulation (Fig. 2). The dura
is then expanded with a patch usually harvested from the
pericranium and closed in a watertight fashion. A stitch is
applied to the graft and tied to the superficial aponeurosis,
trying to expand the retrotonsilar space.

When results were considered good

The results were assessed according the perception of the ex-
aminers and information given by the patients and/or their
parents. Thus, the results were categorized in improved (or
resolved), unchanged, or worse compared with the preopera-
tive status.

Surgical complicationsCSF fistula or pseudomeningocele was
reported in 4 patients and 2 required reoperation. One had
aseptic meningitis and another a transient hoarseness and

Table 1 Demography, signs, symptoms, and image findings in 24
patients

Demography

Males: 14; Females: 10

Age: 4 months - 18 years

Mean: 8.6 year; Median: 9 years

Signs and symptoms

Headache/neck pain 16

Spinal cord involvement 14

Posterior fossa, cerebellum, cranial nerves 12

Scoliosis 12

Fenotipical characteristics 7

Syringomyelia 15

Skeletal anomalies 13

Fig. 2 (continued)
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swallowing difficulties. There was one superficial wound
infection.

Presentation of the series

We retrospectively studied the records of 24 symptomatic pa-
tients with CM1 operated between 1999 and 2017.We exclud-
ed 8 patients operated in the preceding years plus another 5
during the study period, due to insufficient data recording.
Patients with tonsilar ectopia related to craniosynostosis, ce-
rebral spinal fluid (CSF) diversions, and space-occupaying
lesions were also excluded. There was a predominance of
males (n = 14) and the age at presentation ranged from
4 months to 18 years, with mean age of 8.6 years and median
of 9 years.

Imaging findings All patients had at least one preoperative
MRI showing peg-like cerebellar tonsils protruding 5 mm or
more bellow the FM. Syringohydromyelia was found in 15
patients. CT scan showed 13 skeletal anomalies of the CVJ
and cervical spine in 10 patients (Table 1).

Follow-up and outcomes The minimum follow-up was 1 year,
with a mean of 5.9 years. Preoperative ventriculoperitoneal

shunt (VPS) was required in 3 patients. In 18, the initial spinal
procedure was restricted to CVD. In 5 children, we decided
for CVD+ according IOUS findings (Fig. 2). Another one
underwent a CVD+ due to a previous isolated syringostomy
unsuccessfully performed elsewhere. One patient had a simul-
taneous posterior arthrodesis (PA) and another one a circum-
ferential surgery including transoral odontoidectomy.
Remission or improvement of the signs and symptoms was
observed in 19 patients. Five patients deteriorated or remained
unchanged. In this context, 3 patients previously submitted to
CVD undervent a CVD+. In another, a severe arachnoiditis
was found and she underwent sequentially a dural expansion,
a ventriculoperitoneal shunt, and finally a syringopleural di-
version. The parents of the fifth patient refused any further
treatment. None of these patients improved and they all had
in common a severe preoperative neurological deficit. Details
concerning the results of this series are seen in Table 2.

For more than 20 years, we have abandoned extensive
posterior fossa decompression and obex plugging in favor of
a less invasive tailored posterior fossa-C1 procedure.
Extensive craniectomy is not advisable because the target area
is limited to the FM-C1 region. Moreover, patients who
underwent more extensive procedures may have a longer hos-
pital stay and late deterioration due to cerebellar ptosis. IONM
is important for positioning at the surgical table, although its

Table 2 Details of the surgical procedures, reoperations and complications

Surgery Syrinx Reoperation Complication Result

1 VPS/CVD Improved
2 CVD YES Improved
3 CVD YES Improved
4 CVD YES CVD+ Deterioration Worse
5 CVD/ODT/PA YES Improved
6 CVD+ DURAPL/PA CSFF + HC Improved
7 CVD YES Improved
8 VPS/CVD YES Improved
9 CVD+ YES PMEN Improved
10 CVD YES Improved
11 CVD YES Improved
12 CVD+ DURAPL/VPS CSFF Unchanged
13 CVD/PA YES Unchanged
14 CVD+ YES CVD+/PA/SPS Deterioration Worse*
15 CVD YES Improved
16 CVD+ YES PMEN Improved
17 CVD Improved
18 CVD Improved
19 CVD Improved
20 VPS/CVD Improved
21 CVD YES Improved
22 CVD Improved
23 CVD CVD+ Improved
24 CVD+ YES Worse** Worse**

AA, atlas assimilation; BI, basilar impression; CVD, craniovertebral decompression; CVD+, craniovertebral decompression plus dura opening and tonsil coagu-
lation; CSFF, CSF fistula; DURAPL, duraplasty; KF, Klippel-Feil; OR, odontoid retroflexion; PA, posterior arthrodesis; PMEN, pseudomeningocele; VPS,
ventriculoperitoneal shunt; SPS, syringopleural shunt

*Arachnoiditis

**Initially operated elsewhere (syringostomy)
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value is questionable during surgical manipulation [23–25].
The posterior arch of C1 is always resected and laminectomy
below this level is not needed. IOUS is an important tool to
estimate CSF flow at the CVJ [12, 18, 19, 26–29].

In patients with progressive hydrocephalus, we consider
shunt diversion or ETV as initial treatment. Craniocervical
malformations such as odontoid retroflexion, occipitalization
of the atlas, basilar impression, Klippel-Feil syndrome, and
other predispose to CVJ instability and its incidence ranges
according different series [4, 12, 30, 31]. In this scenario, a
few of our patients needed simultaneous surgical stabilization.

It is also debatable how much the surgical technique im-
pacts the outcome of patients with syringohydromyelia [15,
16, 18, 27, 32]. In our series, we observed that children sub-
mitted to intradural procedures, initially or subsequently, had
increased postoperative complications. However, it should al-
so be considered that these had a more severe and long-
standing preoperative deficit.

The presented series has some limitations. Firstly, data col-
lected previously to the last 20 years were inaccurate and these
patients were excluded, decreasing the size of the sample.
Secondly, a more effective outcome scale [33] was not applied
due to the retrospective design of this study. The Bgestalt
method^ applied comparing preoperative and postoperative
resulted in some bias. Moreover, pain improvement is usually
reported more quickly, while neurological deficits may take
longer to be evaluated. Scoliosis and CVJ instability may
eventually require additional interventions and this may fur-
ther impair the results here presented.

In our opinion, IOUS-assisted tailored posterior fossa-C1
decompression is a good treatment option for CM1, especially
when intradural manipulation is not needed. Children submit-
ted to intradural procedures, initially or subsequently, had in-
creased postoperative complications. The final result seems to
correlate with the preoperative neurological status.
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