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CASE REPORT
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Abstract
Background  Chiari malformation type 1 (CM1) is a congenital hindbrain malformation characterized by herniation of the 
cerebellar tonsils below the foramen magnum. The term Chiari type 1.5 is used when herniation of the brainstem under the 
McRae line and anomalies of the craniovertebral junction are also present. These conditions are associated with several 
symptoms and signs, including headache, neck pain, and spinal cord syndrome. For symptomatic patients, surgical decom-
pression is recommended. When radiographic indicators of craniovertebral junction (CVJ) instability or symptoms related 
to ventral brainstem compression are present, CVJ fixation should also be considered.
Case description  We report the case of a 13-year-old girl who presented with severe tetraparesis after posterior decompression for 
Chiari malformation type 1.5, followed 5 days later by partial C2 laminectomy. Several months after the initial surgery, she under-
went two fixations, first without and then with intraoperative cervical traction, leading to significant neurological improvement.
Discussion and conclusion  This case report underscores the importance of meticulous radiological analysis before CM sur-
gery. For CM 1.5 patients with basilar invagination, CVJ fixation is recommended, and C2 laminectomy should be avoided. In 
the event of significant clinical deterioration due to nonadherence to these guidelines, our findings highlight the importance 
of traction with increased extension before fixation, even years after initial destabilizing surgery.
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Introduction

Chiari malformation type 1 (CM1) is a congenital hindbrain 
malformation characterized by herniation of the cerebellar 
tonsils below the foramen magnum [1, 2]. When herniation 

of the brainstem under the McRae line and anomalies of the  
craniovertebral junction (CVJ) as  basilar invagination   
or retroversion of the odontoid process are also present, the 
term Chiari type 1.5 (bulbar variant of CM 1) is used [3, 4]. 
Chiari malformations are associated with several symptoms 
and signs, including Valsalva-related headache, neck pain, 
and spinal cord syndrome. For symptomatic patients, surgi-
cal decompression with or without dural peeling or dura-
plasty is recommended to restore normal posterior fossa 
cerebrospinal fluid dynamics [1, 5, 6]. Moreover, when radi-
ographic indicators of CVJ instability or symptoms related 
to ventral brainstem compression are present, CVJ fixation 
should also be considered [7]. Several studies have reported 
criteria for deciding which patients should undergo CVJ 
deformity correction and fixation, including the clivo-axial 
angle (CXA), Grabb-Oakes index (GOI), Chamberlain line, 
McRae line, Harris measurement, and C1-C2 facet align-
ment [1, 8–15].

In this article, we present an original case of severe neu-
rological degradation after posterior decompression for Chi-
ari malformation type 1.5, followed 5 days later by partial 
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C2 laminectomy. Afterwards, two fixations, first without and 
then with intraoperative cervical traction, led to significant 
neurological improvement.

Case report

A 13-year-old girl presented at another institution with pro-
gressive headache, visual blur, and vomiting. Head MRI 
revealed Chiari type 1.5 malformation with platybasia (basal 
angle of the skull base of 151°, normal 125–143°), basilar 
invagination (tip of the dent 1.3 cm above the Chamberlain 
line and at the level of the McRae line), and other signs 
of CVJ instability [16]. The clivo-axial angle was 99.8° 
(normal 145–160°), the Grabb-Oakes index was 10 mm 
(normal ≤ 9 mm), and the Harris measurement was 15 mm 
(normal < 12 mm) (Fig. 1).

She initially underwent in this first center an occipital 
craniectomy, C1 laminectomy, and duraplasty, followed 5 
days later by cerebellar tonsil resection, C2 partial laminec-
tomy, and extension of the duraplasty, because of cervical 
pain not manageable with medical treatment. After the sec-
ond procedure, the patient woke up with severe tetraparesis 
(Medical Research Council (MRC) Scale 1–2/5), severe 
hypoesthesia of the whole body except the head, vertical 

and horizontal diplopia, and complete paralysis of the vocal 
cords and of the tongue. She required tracheostomy, con-
tinuous oxygen therapy, and aspiration. Postoperative MRI 
(Fig. 2) showed destabilization of the cervical spine, espe-
cially as demonstrated by a decrease in the clivo-axial angle 
from 95 to 81°. Afterwards, she developed obstructive 
hydrocephalus, which was treated by an external ventricu-
lar drain and subsequently by a ventriculoperitoneal shunt.

Eleven months later, in a second center, she underwent a fifth 
surgery consisting of simple occipito-C2-C3 fixation without 
cervical traction. Neurological improvement was significant: she 
recovered the ability to stand, walk, and write the very week fol-
lowing surgery, with mean global MRC score ranging from 2–3 
to 4–5/5. She also reported hypoesthesia improvement (mild); 
she subsequently regained continence, and the continuous oxy-
gen supplies could be stopped.

Fifteen months after the fifth surgery, the patient came 
to our center in a rolling chair (because of significant axial 
ataxia), still needing tracheotomy and digestive aspiration, and 
presenting severe diplopia. Sensorimotor status was stable. 
However, the patient wished further neurological improve-
ment, and the senior author (CR) proposed the realization of 
cervical traction with additional extension and fixation.

During this sixth surgery, traction with 1/10th of the 
patient’s weight was applied. The nuts holding the rods were 

Fig. 1   Preoperative MR images. 
a Clivo-axial angle. b Grabb-
Oakes index. c Chamberlain 
line. d Harris measurement
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gradually removed. On the starting side, a longer rod with a 
more open angle was designed and substituted to the old one, 
allowing cervical traction to be maintained and opening of 
the clivo-axial angle to be performed. The same procedure 
was then reproduced on the contralateral side. Intraoperative 
fluoroscopic control confirmed the desired modification of 
the clivo-axial angle and the efficacy of traction. Immedi-
ately after surgery, the patient described an almost complete 
regression of her horizontal dipoplia.

A CT scan performed 2 days after the procedure and a 
6-month follow-up MRI of the cervical spine (Fig. 3) both 
confirmed a partial correction of the clivo-axial angle (82° 
from 77°) and a regression of the basilar invagination and 
of the kinking effect on the brainstem (Fig. 4).

At the 6-month follow-up, several neurological improve-
ments were observed, including regression of sensory ataxia, 
the ability to walk without falling (which occurred weekly 
preoperatively), the ability to climb stairs alone by holding 
onto the railing (which was completely impossible preopera-
tively), and progress at the respiratory and swallowing levels, 
with the possibility of swallowing saliva and chewing ali-
ments without the risk of choking. This had a great positive 
psychological impact on her after 2 years of oral alimentary 
privation. Hypoesthesia remained stable (mild), as well as 
MRC score of the limb muscles (4–5/5). The negative point 
noted by the patient was pain (Visual Analogue Scale score 

of 2) at the level of the screw heads protruding under the skin. 
The patient considered herself to have improved by 75%.

Discussion

The presence of basilar invagination or signs of craniocervical 
instability is crucial to consider in the strategical management 
of Chiari malformations. The recommendations of the 2019 
Chiari & Syringomyelia Consensus Conference are summa-
rized hereafter [7, 17]. Posterior decompression and CVJ fixa-
tion are the preferred surgical options for CM patients with 
CVJ instability and related symptoms. In the case of basilar 
invagination with atlantoaxial dislocation, posterior fixation 
is recommended [17]. Anterior decompression may be indi-
cated for persistent compression with symptoms. Fixation by 
C0–C3 or C1–C2 in CM patients with CVJ instability should 
be decided on the basis of local anatomy [17]. Regarding the 
extent of posterior fossa decompression, panelists recommend 
wide bony decompression on the foramen magnum, includ-
ing C1 laminectomy, and never extended to C2 for the risk 
of CVJ instability. When a patient has basilar invagination, 
cervical traction should always be considered since it can itself 
clinically improve the condition (in 82% of patients when not 
associated with Chiari malformation and in 5% if present), 
especially in children [18, 19].

Fig. 2   a MR image before C2 
laminectomy. b MR image after 
C2 laminectomy. c CT scan 
after craniocervical fixation. d 
MR image after craniocervical 
fixation
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Conclusion

This case report underscores the importance of meticu-
lous radiological analysis before CM surgery. For CM 1.5 
patients with basilar invagination, CVJ fixation is recom-
mended, and C2 laminectomy should be avoided. In the 
event of significant clinical deterioration due to nonadher-
ence to these guidelines, our findings highlight the impor-
tance of traction with increased extension before fixation, 
even years after initial destabilizing surgery.
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Fig. 3   CT scan images. a Pre-
operative and b postoperative 
and MR images. c Preoperative 
and d postoperative, illustrating 
the correction of the clivo-
axial angle (82° from 77°) and 
the regression of the basilar 
invagination

Fig. 4   Schematic representa-
tion of the clivo-axial anatomy 
before surgery (blue), before 
and after fixation (red), and 
after fixation with traction 
(green). The colored disks 
represent the axis dent tip
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