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Background and Aim: Chiari I Malformation (CIM) is defined as the descent of cerebellar tonsils 5 
mm or more below the foramen magnum, with or without associated syrinx. The degree of tonsillar 
descent has a poor correlation with the progression of the disease and clinical presentation of 
the patients. Abnormal CSF (cerebrospinal fluid) dynamics at the foramen magnum is the main 
pathophysiological factor responsible for the progression of tonsillar descent, syrinx formation, 
and hence clinical manifestations of the patients. This study aimed at correlating CSF dynamic 
changes with the clinicoradiological profile of CIM patients.

Methods and Materials/Patients: A prospective longitudinal study was conducted on 25 patients 
of CIM out of which 24 patients underwent standard midline suboccipital craniectomy with 
augmented duraplasty and 1 patient had ventriculoperitoneal shunt surgery for hydrocephalus. 
CSF flow study was done in sagittal as well as in axial sections at the level of foramen magnum 
using cine flow Magnetic Resonance Imaging (MRI). Clinical and radiological assessments about 
CSF flow parameters were performed before and after decompression surgery.

Results: After suboccipital decompression, 23 out of 24 patients had relief in their symptoms and 
1 patient had progressive syringomyelia. Post-operative MRI scan at 3 months showed normal-
shaped tonsils in all 24 patients. Ten out of 11 patients with syrinx had a reduction in the diameter 
of the syrinx cavity. Peak CSF flow velocities reduced significantly (P<0.05) in the post-operative 
period and correlated well with the clinicoradiological improvement.

Conclusion: Abnormal CSF flow dynamics are responsible for the progression of the disease and 
clinical manifestations in CIM patients. Cine flow MRI is a useful tool in the management of CIM 
patients both for proper selection of surgical candidates and in the post-operative follow-up.
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1. Introduction

onsillar herniation of 5 mm or more below 
the foramen magnum, with or without as-
sociated syrinx, is called Chiari I Malforma-
tion (CIM) [1, 2]. Due to the extensive use 

of Magnetic Resonance Imaging (MRI), an increasing 
number of cases of tonsillar herniation is now detect-
ed incidentally. Approximately, one-third of individuals 
with tonsillar herniation revealed by MRI are asymp-
tomatic [3, 4]. The degree of tonsillar herniation alone 
correlates poorly with the progression of CIM, clinical 
presentation, and surgical outcome [5, 6]. Relatively 
small posterior fossa leads to altered Cerebrospinal Flu-
id (CSF) dynamics in the region of the foramen magnum 
with each cardiac cycle. 

The altered CSF dynamics is the main pathophysiologi-
cal factor responsible for the progression of tonsillar de-
scent, syrinx formation, and hence clinical presentation. 
That is why CSF dynamics study is nowadays the focus 

of research in not only symptomatic patients but also in 
asymptomatic patients with CIM. 

Phase-contrast cine flow MRI is one of the non-inva-
sive tools for studying CSF dynamics in the brain and 
at the foramen magnum. Although a large number of 
studies have proven the role of abnormal CSF circula-
tion in symptomatic patients with CIM, they have their 
shortcomings like small sample size, short follow-up, 
inter-observer variability, etc. [5-8]. After a compre-
hensive review of the literature and understanding the 
shortcomings of the previous studies, we performed 
this study to investigate the correlation between CSF 
dynamics at the foramen magnum and clinicoradiologi-
cal profile of patients before and after foramen mag-
num decompression. The main aim of this study is to 
emphasize the role of abnormal CSF circulation in CIM 
for young neurosurgeons.

T

Highlights 

● Tonsillar herniation alone correlates poorly with the clinical presentation and disease progression in Chiari I Mal-
formation (CIM).

● Altered CSF (cerebrospinal fluid) dynamics at the foramen magnum are responsible for progressive tonsillar de-
scent and syrinx formation.

● Cine MRI (magnetic resonance imaging) with flow quantification is a unique non-invasive tool used for CSF flow 
study in the brain and at the foramen magnum.

● Improvement in CSF flow dynamics leads to good clinical and radiological outcomes.

● A threshold peak CSF flow velocity along with tonsillar herniation may serve as an indication for intervention in 
asymptomatic patients as a pre-emptive step to avoid disease progression to the symptomatic stage.

Plain Language Summary 

Tonsillar herniation is a condition that can be present since birth or acquired due to rising pressure in the skull. This 
study is concerned with tonsillar herniation presenting since birth. It develops due to the relatively small size of the 
posterior part of the skull compared with the brain. Chiari I Malformation (CIM) means tonsillar descent 5 mm or 
more below the foramen magnum (junction of skull and vertebral column). As the age progresses, turbulence in CSF 
flow through the narrow space of the foramen magnum may lead to the progression of tonsillar descent and cavita-
tions of the spinal cord (syrinx). Most of the adult patients complain of headache, vertigo, difficulty in walking, and 
difficulty in swallowing. Thus, this study was conducted on patients with CIM to see whether improvement in CSF flow 
dynamics correlated with reversal of structural changes and alleviation of symptoms. We conducted this study on 25 
patients with CIM, 96% of whom had alleviation of symptoms and reversal of structural changes after surgery. CSF 
flow velocities also improved after surgery as indicated in the cine flow MRI at 3 months after surgery. We concluded 
that improvement in CSF flow dynamics could predict good clinical and surgical outcomes.
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2. Methods & Materials/Patients 

This prospective cohort study was carried out in the 
department of neurosurgery in collaboration with the 
department of radio-diagnosis and imaging between 
January 2018 and August 2019 after obtaining approval 
from the institutional review board of Postgraduate 
Institute of Medical Sciences, Rohtak, India. Written 
informed consent was obtained from all the patients. 
Only patients who met the criteria for CIM (peg-shaped 
cerebellar tonsils herniating 5 mm or more below the 
foramen magnum) without any intracranial space-oc-
cupying lesion were included in the study. The clinical 
symptoms and signs of all 25 patients were noted both 
pre-operatively and post-operatively. Plain MRI of brain 
and spine with cine flow MRI at Cranio-Vertebral Junc-
tion (CVJ) of all the patients was performed both pre-
operatively and post-operatively at 3 months. Changes 
in CSF flow dynamic parameters and clinicoradiological 
improvement after surgery were noted and correlated 
(Figures 1 and 2). The clinical condition of the operated 
patients was followed up for 1 year.

MRI technique 

MRI was performed using a 3.0 Tesla MRI scanner (Dis-
covery MR 750 w; GE, Ohio, USA). The imaging protocol 
included the sagittal and axial T2-weighted (W) scan for 
the morphological assessment and a low-velocity en-
coding (5 cm/sec) cine phase-contrast scans for imaging 
the CSF flow at the level of the foramen magnum. The 
scan parameters were as follows:

T2-weighted imaging-Slice thickness: 5mm, Slice spac-
ing-: 1 mm, Bandwidth-: 50 kHz, TE-: 114 ms, TR-: 8901 
ms, NEX-: 2. 

CSF flow study-Slice thickness: 8 mm, Slice spacing-: 0, 
TR-: 26, Flip angle-: 10, Matrix-: 416×256, Bandwidth-: 
13.89 kHz, NEX-:1.

Flow analysis was conducted using in-built software in 
the machine only (Figure 3). Peak systolic and diastolic 
CSF flow velocities, as well as the flow rate of CSF, were 

Figure 1. T2-weighted sagittal MRI

A. Pre-operative T2-weighted sagittal MR image showing tonsillar herniation with syrinx in the cervical region;

B. Post-operative T2-weighted sagittal MR image showing significantly reduced tonsillar herniation with the resolution of syrinx cavity after 
surgical decompression with duraplasty.
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measured pre-operatively at the cervico-medullary junc-
tion and post-operatively at 3 months in the same site.

Surgical technique

A total of 24 patients underwent surgical decompres-
sion of the foramen magnum with duraplasty. In the 
prone position, a standard midline suboccipital craniecto-
my with the C1 laminectomy was performed for wide de-
compression of cerebellar tonsils, brainstem, and spinal 
cord. The posterior atlanto-occipital membrane was cut 
and standard Y-shaped durotomy was done. The arach-
noid membrane was opened, adhesions released and CSF 
flow was ensured. Then, the duraplasty was done using 
the pericranial patch or fascialata ensuring watertight 
closure. The wound was then closed in a standard mul-
tilayered fashion ensuring obliteration of any free space. 
One patient had obstructive hydrocephalus so only ven-
triculoperitoneal (VP) shunt was placed. One patient had 
progressive syringomyelia after decompression surgery, 
so a syringo-subarachnoid shunt was put afterward.

Statistical analysis 

All numerical values were stored and analyzed by stu-
dent t-test (paired and unpaired) using SPSS software ver-
sion 26, 2019 (Statistical Package for the Social Sciences).

3. Results

The present study included 13 male and 12 female pa-
tients with an age ranged 13-60 years. The mean age 
at presentation was 33.5 years. All of the patients were 
symptomatic for CIM with wide variation in their clini-
cal symptoms. Most of the patients (96%) had occipital 
headache as one of the presenting symptoms (Table 1). 
Other symptoms were vertigo/dizziness (56%), pain in 
the neck (48%), and dysphagia (4%). The mean dura-
tion of symptoms was 2 years. The degree of tonsillar 
descent in the pre-operative period ranged from 6 to 
32 mm. Syrinx was present in 11 patients (44%) and the 
most common location was the cervico-thoracic region 
(Table 2). Out of the 11 patients with syrinx, 4 patients 

Figure 2. Cine flow MRI

A. Pre-operative cine flow MR image showing a minimal flow of CSF in the region of the foramen magnum;

B. Post-operative cine flow image showing the improved flow of CSF in the region of the foramen magnum.

A b
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had associated scoliosis. The mean duration of the fol-
low-up period was 1.3 years.

All of the patients had diminished CSF spaces anteri-
orly and posteriorly (cisterna magna) in the region of 
the foramen magnum. In the cine flow MRI, all of the 
patients had abnormal CSF flow at the foramen mag-
num region.

Clinical outcome

Occipital headache was relieved completely or par-
tially in all 24 patients who underwent decompression 
surgery. Sixteen out of 24 patients (66.7%) had com-
plete resolution of headache and 8 patients (33.3%) 
had a partial resolution. One patient with VP shunt sur-
gery had complete resolution of the headache. Other 
symptoms like vertigo and dysphagia were completely 
relieved in all of the respective patients. Dysaesthetic 
pain alleviated in all patients with syringomyelia except 
one patient who had progressive syringomyelia even 
after decompression surgery. This patient with progres-

sive syringomyelia developed mild quadriparesis after 
one month of decompression surgery and a syringo-
subarachnoid shunt was placed. All other patients did 
not report any new symptoms or signs in the follow-up 
period post-operatively.

Radiological outcome

Tonsillar herniation was reduced and tonsils became 
round-shaped in all 24 patients of decompression sur-
gery. One patient, who had VP shunt surgery, had persis-
tent tonsillar herniation. Ten out of 11 patients with syr-
inx had a significant reduction in syrinx diameter. Only 
1 patient showed an increase in syrinx diameter in the 
post-operative period. In cine flow MRI, the mean Peak 
Systolic Velocity (PSV) of CSF flow at foramen magnum 
was 3.60080 cm/sec in the pre-operative period and re-
duced to 1.89320 cm/sec in the post-operative period 
and the difference was statistically significant (P<0.05) 
as shown in Table 3. Similarly, the mean peak diastolic 
velocity (PDV) of CSF flow reduced from -3.94720 cm/s 

Table 1. Clinical presentation of patients with CIM

Signs/Symptoms No. (%)

Headache 24 (96)

Vertigo 14 (56)

Dysphagia 1 (4)

Dysaesthetic pain 12 (48)

Table 2. Radiological findings of patients with CIM

MRI Findings No. (%)

Tonsillar descent 25 (100)

Syrinx 11 (44)

Scoliosis 4 (16)

Table 3. Comparison of mean PSV and mean PDV in patients with CIM in the pre-operative and post-operative period

CSF Velocity (cm/sec)
Pre-operative Post-operative 

P
Mean Min. Max. Mean Min. Max.

PSV 3.60080 0.55 10.6 1.89320 0.45 4.01 0.001

PDV -3.94720 -0.54 -9.38 -2.50640 -0.45 -9.32 0.007
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to -2.50640 cm/sec in the post-operative period, and the 
difference was found statistically significant (P<0.05).

4. Discussion

The initial documented case reports of Chiari malforma-
tion were narrated by Hans Chiari in 1891 [9]. Tradition-
ally, they were classified into 4 types (I to IV), with types I 
and II constituting almost 99% of the cases [10]. Recently, 
Chiari 0 malformation and Chiari 1.5 malformation have 
been added to the list [11]. Chiari I malformation consists 
of 5 mm or more caudal descent of the cerebellar tonsils 
below the foramen magnum with or without associated 
syringomyelia and hydrocephalus (10%). Many hypothe-
ses have tried to clarify the pathogenesis of the CIM [12, 
13]. Tonsillar herniation which is the main component of 
CIM can be congenital or acquired. 

The congenital nature of CIM has been explained based 
on craniocerebral disproportion i.e. small posterior fos-
sa compared with the tissue volume [6, 12]. Presently, 
one-third of cases are detected incidentally due to the 
widespread use of MRI [5, 6]. Many of these cases are 
asymptomatic and in fact, it is proven that the degree of 
tonsillar descent has no relation with the clinical presen-
tation in CIM [5, 6, 14]. Abnormal CSF flow dynamics in 
the region of the foramen magnum, due to the crowded 
posterior fossa, is the main pathophysiological factor re-
sponsible for progressive tonsillar descent, syrinx forma-
tion, and hence clinical symptoms of the patients [5, 6].

It is a well-known fact that there is a bidirectional 
cranio-spinal flow of CSF during each cardiac cycle [5, 
6] (Figure 4). The increased cerebral blood volume dur-
ing systole displaces the CSF caudally through the fora-
men magnum and the elastic recoil of the spinal dura 
during diastole pushes the CSF back toward the cranial 
compartment [5]. In CIM with each systole, an abnor-
mal high-velocity CSF jet across the foramen magnum 
propels the tonsils more caudally and this piston-like 
movement of tonsils is responsible for syrinx formation 
[15]. Cine flow MRI is one of the non-invasive means of 
studying CSF flow dynamics in the region of the fora-
men magnum. In the present study, we also found high 
mean PSV on cine flow MRI in the pre-operative period 
which reduced significantly in the post-operative period 
with clinico-radiological improvement, and the differ-
ence was found statistically significant. But the mean 
peak velocity values could not be compared with the 
previous studies because of the different methods em-
ployed for measuring these values on cine flow MRI [16, 
17]. As all our patients had the CSF flow study done by 
the same senior radiologist so limiting factor of inter-
observer variability seen in previous studies was elimi-
nated in our study [6].

Literature also supports the presence of a direct corre-
lation between altered CSF dynamics at foramen mag-
num with the clinical symptoms in CIM patients [7, 18]. 
Ventureyra et al. (2003), performed a study on the role 
of CSF flow dynamics using cine flow MRI in 24 patients 

Figure 3. CSF flow analysis

A. MR T2-weighted axial image at the level of foramen magnum showing marking of point (red point) for CSF flow velocity measurements; 
B. Cine flow axial image showing point (red point) of measurement of the flow of CSF at the level of the foramen magnum.

A b
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with CIM [5]. They found a direct correlation between 
abnormal CSF dynamics and clinical symptoms of the pa-
tients and all 16 symptomatic patients relieved after the 
re-establishment of proper CSF flow at the foramen mag-
num. In our study, also 24 patients underwent decompres-
sion surgery for re-establishment of normal CSF flow in the 
region of the foramen magnum, and the symptoms were 
relieved in 23 out of 24 patients, though 33% of the pa-
tients had a mild headache in the follow-up period which 
could be due to craniectomy. Reports of diminished syrinx 
cavity have also been documented in previous studies af-
ter the restoration of proper CSF circulation. 

Kumar et al. (2019), reported syrinx in 23 (71.87%) 
patients out of 32 patients of CIM [6]. After decom-
pression surgery, 87% of patients with syrinx (20/23) 
demonstrated radiographic improvement and 13% re-
mained stable or developed an increase in syrinx size. In 
our study, 11 out of 25 patients (44%) had syrinx and in 
post-operative MRI, 10 patients (91%) had a significant 
reduction in syrinx cavity diameter. One patient had pro-
gressive syringomyelia. Thus, the improvement in CSF 
flow dynamics correlated well with clinical and radiologi-
cal improvement in patients with CIM.

Figure 4. Image showing Real-time CSF flow graph with each cardiac cycle and summary of the CSF peak velocity parameters
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5. Conclusion

Although abnormal CSF circulation is the most impor-
tant pathognomonic factor responsible for the progres-
sion of CIM, still a large prospective follow-up study on 
asymptomatic patients is needed to correlate abnormal 
CSF flow dynamics with the occurrence of clinical symp-
toms and radiological changes. With these encouraging 
findings and review of literature, in future cine flow MRI 
may serve as an investigation of choice for proper se-
lection of surgical candidates among asymptomatic pa-
tients with CIM. Improved CSF flow in cine flow MRI can 
predict good clinical and radiological outcomes.

Abnormal CSF flow dynamics are responsible for the 
progression of the disease and symptoms in CIM pa-
tients. The degree of tonsillar descent has no significant 
relationship with the occurrence of clinical symptoms in 
these patients. Cine flow MRI is a very valuable tool for 
the management of symptomatic patients with CIM.
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