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possible EP (5.0 %). Of the 11 classical EPs, 7 (63.6 %) were 
diagnosed as type A and 4 (% 36.4) were diagnosed as type 
B. Of the 20 possible EPs, 19 were classified as incomplete 
EP (95.0 %) and one was classified as EP variant (5.0 %).
Conclusions Contrast-enhanced FIESTA images are help-
ful in the assessment of EP, although we do not define a role 
in the current classification proposed by Chihara et al. (Eur 
Radiol 23:2854–2860, 2013).
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Introduction

Ecchordosis physaliphora (EP) is a rare, congenital, benign 
lesion derived from notochordal tissue that is typically 
located at the midline of the craniospinal axis [1, 2]. This 
ectopic notochordal remnant is most commonly found in 
the intradural space of the prepontine cistern with an attach-
ment to the dorsal surface of the clivus [1, 2]. Intracranial 
EP is usually an incidental finding on imaging studies that 
has to be differentiated from other retroclival lesions includ-
ing chordoma.

In radiology literature, there are few studies that investi-
gate the prevalence and the imaging features of intracranial 
EP in large series of patients [3, 4]. In 2004, Mehnert et al. 
[3] reported five patients with retroclival EP on magnetic 
resonance (MR) imaging using thin-section T1-weighted 
and T2-weighted images. In all cases, EP showed high signal 
on T2-weighted images, low signal on T1-weighted images, 
and no contrast enhancement. Although MR sequences used 
in this study may yield excellent soft-tissue resolution, their 
spatial resolution is inadequate to evaluate small intracra-
nial lesions. Therefore, it is unlikely to understand imaging 
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features of intracranial EP completely based on these tradi-
tional MR sequences.

Balanced steady-state free precession (SSFP) tech-
niques such as fast imaging employing steady-state acquisi-
tion (FIESTA), constructive interference in a steady state 
(CISS), and true fast imaging with steady-state free pre-
cession are now commonly used in MR imaging. These 
sequences provide strong signal in tissues with high T2/
T1 ratio such as cerebrospinal fluid (CSF) and high spatial 
resolution with submilimetric section thicknesses allowing 
the reconstruction of multiplanar images [5, 6]. Therefore, 
SSFP sequences are capable of depicting tiny intracranial 
lesions in contrast to the traditional MR techniques.

In a recent study, Chihara et al. [4] retrospectively inves-
tigated the imaging findings of EP using FIESTA sequence. 
With the full advantage of this imaging technique, they 
described diverse imaging features and proposed a new 
classification for EP. Lesions were defined as classical EP 
type A (hyperintense excrescence (cyst-like component) on 
the dorsal surface of the clivus), classical EP type B (hyper-
intense excrescence plus a hyperintense lesion within the 
clivus), incomplete EP (EP bud: T2-hypointense protrusion 
of the clivus), and EP variant (hyperintense lesion within 
the clivus alone). However, contrast-enhanced images were 
not available in most of their patients. FIESTA sequence, in 
addition to its strong T2 contrast, may also provide T1 con-
trast and show increased signal intensity correlated with the 
increase in gadolinium-based contrast agent concentration 
[7, 8]. Although FIESTA images without contrast adminis-
tration may be adequate to detect small lesions, contrast-
enhanced images are also necessary to rule out solid lesions 
such as chordoma, which otherwise mimic EP with its simi-
lar MR signal characteristics. Moreover, contrast-enhanced 
FIESTA sequence is also useful in distinguishing tumors 
arising from the dura or skull base from surrounding struc-
tures such as dura, bony degeneration, or venous sinuses 
[8–10]. Enhancement of the venous sinuses adjacent to the 
clivus on contrast-enhanced FIESTA may enable a better 
delineation of the bone cortex, resulting in clear visualiza-
tion of T2-hypointense protrusion (incomplete EP) and reli-
able discrimination of intraclival lesions (EP variant) from 
surrounding structures. Therefore, we aimed to investigate 
the imaging features of intracranial EP using both precon-
trast and contrast-enhanced FIESTA images, which are rou-
tine sequences of our temporal MR imaging protocol.

Materials and Methods

Patients and Clinical Data

This study was approved by the ethics committee of our 
institution. Our retrospective review of the radiology 

database revealed 399 patients who underwent temporal 
MR imaging between January 2013 and March 2014. All 
patients were referred to our department due to vertigo, 
tinnitus, hearing loss, or follow-up of a known vestibular 
schwannoma. After re-reading of all studies, patients with 
low-quality MR images due to the motion or flow artifacts 
and a history of skull base disease or surgery were excluded. 
Two patients with prepontine epidermoid and a patient with 
a small midline retroclival and intraclival enhancing lesion 
were also excluded. Patients with nonenhancing hyperin-
tense excrescence (cyst-like component) on the dorsal wall 
of the clivus, T2-hypointense protrusion of the clivus, and 
nonenhancing hyperintense lesion within the clivus were 
included in the study. A total of 31 patients (16 male, 15 
female) with the ages ranging from 17 to 78 years (mean, 
45.6 years) were found.

MR Imaging Protocol

All temporal MR examinations were performed at 1.5-T 
MR device (Signa Excite, GE Medical Systems, Milwau-
kee, WI, USA) with a dedicated eight-channel phased-
array coil (USA Instruments, Aurora, OH, USA). Axial 
T1-weighted, T2-weighted, FIESTA, post-contrast FIESTA, 
post-contrast axial, and coronal T1-weighted images are 
obtained for standard temporal MR examination in our 
department. Our imaging parameters were as follows: T1 
weighted (repetition time (TR), 650 ms; echo time (TE), 
15.7 ms; slice thickness, 3 mm; interslice gap, 0.5 mm; field 
of view (FOV), 20 × 20 cm; matrix, 288 × 192; number of 
excitations (NEX), 2; bandwidth, ± 31.2 kHz), T2 weighted 
(TR, 4725 ms; TE, 102 ms; slice thickness, 3 mm; interslice 
gap, 0.5 mm; FOV, 20 × 20 cm; matrix, 288 × 224; NEX, 2; 
bandwidth, ± 22.7 kHz), FIESTA (TR, 5.1 ms; TE, 1.4 ms; 
slice thickness, 0.8 mm; FOV, 20 × 20 cm; matrix, 320 × 224; 
NEX, 2; bandwidth, ± 62.5 kHz; flip angle, 55°)

Contrast-enhanced FIESTA and T1-weighted images 
were available in all selected patients. For contrast-enhanced 
images, gadodiamide hydrate (Omniscan; Daiichi Phar-
maceutical Co., Tokyo, Japan), gadopentate dimeglumine 
(Magnevist; Bayer Schering-Pharma, Berlin, Germany), or 
gadoterate meglumine (Dotarem; Guerbet, Roissy, France) 
was administered as the intravenous contrast agent at 
0.1 mmol/kg of body weight.

All precontrast and contrast-enhanced FIESTA images 
were obtained in axial plane. Coronal and sagittal recon-
structed images of all patients were also created for assess-
ment of the FIESTA images.

Analysis of MR Images

All MR images were carefully evaluated on high-resolu-
tion monitors by two radiologists (Anıl Özgür and Engin 
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classical EPs, 7 (63.6 %) were classified as type A and 4 
(36.4 %) were classified as type B.

The hyperintense excrescences were oval-shaped (n = 9, 
81.8 %; Fig. 1) or lobulated (n = 2, 18.2 %). All lesions were 
located at the midline; however, three of the lesions dem-
onstrated superior, inferior, and right paramedian superior 
extensions, respectively, when considering the attachments 
of the lesions to the dorsal surface of the clivus. Further-
more, in three of the oval-shaped lesions, the walls of the 
EPs were displaced by the adjacent basillary artery in two 
patients with tinnitus and vertigo, respectively, and by the 
anterior inferior cerebellary artery in one patient with tin-
nitus. Of the two lobulated lesions, one was clearly visible 
on axial image, while another was best seen on reformatted 
sagittal image.

In two of the type B EPs, hyperintense lesions within 
the clivus were divided into two parts by a midline bony 
segment (Fig. 2). This bifid appearance of the intraclival 
lesion was seen on axial and sagittal planes in two patients, 
respectively.

All type A lesions and two (2 of 4, 50 %) of the type B 
lesions were in association with T2-hypointense protrusion 
of the clivus. All classical EPs were seen at the Dorello 
canal level except one of the type A lesions. In only one 
patient, previous MR examination performed at 1 year ago 
was available. The lesion showed no interval change.

Possible EP

In a total of 20 lesions consistent with possible EP, all but 
one were classified as incomplete EP (“EP bud”; 19 of 20, 
95.0 %; Fig. 3). Among the incomplete EPs, 16 (16 of 19, 
84.2 %) were located at the same level as the Dorello canal 
and three (3 of 19, 15.8 %) were found to be at an upper 
level.

Only one (1 of 20, 5.0 %) patient was evaluated as EP 
variant (Fig. 4). The intraclival lesion of this patient was 
located in the midline at an upper level than the Dorello 
canal. The patient was presented with unilateral hearing 
loss.

Kara, with 5 and 9 years of experience in neuroradiology, 
respectively) who were blinded to patient information. 
Initial evaluations were made independently, and incon-
sistencies were resolved by consensus with collaborative 
review. Lesions were categorized as “classical EP” and 
“possible EP” using the classification proposed by Chi-
hara et al. [4]. The classical EP was further classified into 
type A (hyperintense excrescence (cyst-like component) on 
the dorsal surface of the clivus) and type B (hyperintense 
excrescence plus a hyperintense lesion within the clivus). 
Possible EP was also subdivided as incomplete EP (EP bud 
= T2-hypointense protrusion of the clivus) and EP variant 
(hyperintense lesion within the clivus alone). Subsequently, 
imaging features including location, size, and shape of all 
lesions associated with clinical presentations were noted for 
detailed evaluation.

Results

Two radiologists detected a total of 31 lesions by consensus 
after reviewing temporal MR images of 399 patients (31 of 
399, 7.7 %). Inconsistencies were only seen in the determi-
nation of the incomplete EP lesions in rare cases. Of the 31 
patients with EP, MR examinations were performed for tin-
nitus (n = 14), vertigo (n = 10), hearing loss (n = 4), and fol-
low-up of a vestibular schwannoma (n = 3). From among 31 
lesions, 11 were defined as classical EP (11 of 399, 2.7 %), 
and the remaining 20 were defined as possible EP (20 of 
399, 5.0 %); 26 (26 of 31, 83.9 %) lesions were found at 
exactly the same level as the Dorello canal, and the remain-
ing 5 (5 of 31, 16.1 %) were detected at an upper level. All 
EPs were located at the midline of the craniospinal axis.

Classical EP

Patients with classical EP (n = 11) were referred to our 
department for tinnitus (n = 7), vertigo (n = 2), hearing loss 
(n = 1), and vestibular schwannoma (n = 1). The transverse 
size of the lesions ranged from 1.5 to 8.4 mm. Of the 11 

Fig. 1 Type A classical ecchordo-
sis physaliphora in a 47-year-old 
man with vertigo. Axial (a) and 
reformatted sagittal (b) contrast-
enhanced fast imaging employing 
steady-state acquisition images 
show a tiny, oval, cyst-like lesion 
(arrow) adjacent to the T2-hy-
pointense protrusion (arrowhead) 
at the level of Dorello canal (open 
arrow) in the midline retroclival 
location. Note the enhancement 
within the basilar venous plexus 
(dashed arrows)
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(1.7 %). Although we do not know the exact cause of higher 
incidence of classical EP in our study, the reason may be 
related to the study population, which included symptom-
atic patients who were referred for temporal MR imaging. 
Although EP is usually asymptomatic, some cases with dif-
ferent symptoms including headache, dizziness, CSF fistula, 
subarachnoidal hemorrhage, diplopia, or abducens nerve 
palsy have been reported in the literature [11–19]. There is 
also a patient with EP who was presented with sudden sen-
sorineural hearing loss and tinnitus, although EP was not 

Discussion

In the present study, we found 31 lesions with diverse imag-
ing findings including 11 classical EPs and 20 possible EPs 
after reviewing 399 temporal MR examinations. The overall 
incidence of EP (7.7 %) in this study is similar to the inci-
dence (8.0 %) found by Chihara et al. [4]. However, the inci-
dence of classical EP in our study (2.7 %) is slightly higher 
than those detected by the previous two imaging stud-
ies [3, 4], which respectively revealed identical incidence 

Fig. 3 Incomplete ecchordosis physaliphora (EP; EP bud) in a 53-year-
old woman with vertigo. Axial precontrast (a) and contrast-enhanced 
(b) fast imaging employing steady-state acquisition images show T2-
hypointense protrusion of the clivus (arrow) in the midline associated 
with the basilar venous plexus (dashed arrows) at the Dorello canal 

level (open arrows). Note the better visualization of the T2-hypoin-
tense protrusion of the clivus between the enhancing basilar venous 
plexus on contrast-enhanced image. Computed tomography (c) reveals 
the clival bony spur (black arrow)

 

Fig. 2 Type B classical ecchordo-
sis physaliphora in a 54-year-old 
man with tinnitus. Axial (a) and 
reformatted sagittal (b) contrast-
enhanced fast imaging employing 
steady-state acquisition images 
demonstrate a large cystic lesion 
(arrows) occupying the prepon-
tine cistern in communication 
with an intraclival hyperintense 
lesion (dashed arrows). Note 
the bifid appearance of the 
hyperintense lesion within the 
clivus caused by a midline bony 
segment (arrowhead). Axial T2-
weighted (c) and T1-weighted (d) 
images also reveal the retroclival 
lesion (arrows) associated with 
the intraclival lesion (dashed ar-
rows) divided by a midline bony 
segment (arrowheads)
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11 classical EP. Chihara et al. [4] also found similar inci-
dence (82.4 %) in their study. In addition, we determined 
T2-hypointense protrusion of the clivus without cyst-like 
component (incomplete EP) in 19 patients. Although this 
study was not designed to compare the utility of precon-
trast FIESTA and contrast-enhanced FIESTA images, it is 
notable that incomplete EPs were more recognizable on 
contrast-enhanced FIESTA images at least in patients with 
prominent basilar venous plexus. The basilar venous plexus 
is the venous channel with variable size overlying the dorsal 
clivus [22]. The cortex of the clivus and the basilar venous 
plexus have similar low signal intensities on precontrast 
FIESTA; however, T2-hypointense protrusion of the clivus 
is distinguished from the adjacent enhancing venous plexus 
confidently on FIESTA images following gadolinium 
administration.

We found hyperintense lesion within the clivus alone in 
only one case. The lesion was located in the midline at an 
upper level than the Dorello canal. Chihara et al. [4] found 
six lesions within the clivus alone. As most of these lesions 
were located at the Dorello canal level, they classified these 
lesions as EP variant. However, four (66.6 %) of the six EP 
variant lesions were located off-midline, while all classical 
and incomplete EPs (a total of 72 lesions) were at the mid-
line in their study. We consider that being in an off-midline 
location with such a high percentage (66.6 %) is a suspicious 
finding for a notochord-related lesion such as EP. The noto-
chord reaches the posterior clivus, the pharyngeal surface, 
and the dorsum sella in its anatomical path in the skull base 
during embryological development [23, 24]. Thornwaldt’s 
cyst, anatomic variations such as fossa navicularis and cana-
lis basilaris medianus, and neoplasms such as chordoma 
and benign notochordal cell tumor are all notochord-related 
lesions with a characteristic midline location [24–27]. How-

found responsible for his otological symptoms [20]. EPs 
usually have a larger size in symptomatic patients in con-
trast to the relatively smaller size of the incidentally discov-
ered lesions. The largest (15 × 8 × 18 mm) EP in our study 
was occupying the prepontine cistern of a patient with tin-
nitus (Fig. 2). However, given the absence of the prominent 
mass effect on the brainstem or direct contact to the vestibu-
locochlear nerve, the symptom of the patient was less likely 
associated with EP. We found no direct relationship between 
the EP and the symptoms in other patients as well. Although 
it seems that otological symptoms are questionably associ-
ated with EP, slightly higher incidence of the lesion on tem-
poral MR images is notable.

Most classical type A EPs in our study were oval-shaped, 
well-defined lesions in the retroclival region consistent with 
the literature data. In three of these lesions, adjacent arter-
ies were causing focal displacement on the wall of the EPs. 
This finding may reflect the cystic nature of the lesion and 
be useful in distinguishing EP from chordoma, especially 
in patients without contrast-enhanced images. Except oval-
shaped lesions, we also detected two lobulated EP located in 
axial and sagittal planes, respectively.

Classical type B EP is defined as a hyperintense lesion 
within the clivus associated with the type A lesion. Chihara 
et al. [4] reported 4 (23.5 %) type B lesion out of 17 classical 
EPs, where we found 4 (36.4 %) type B lesions in 11 classi-
cal EPs. Of these 4 lesions, two hyperintense lesions within 
the clivus had a bifid appearance caused by a midline bony 
segment, a finding not reported previously.

EP is attached to the posterior surface of the clivus with a 
tiny osseous stalk best seen on computed tomography (CT) 
[21]. T2-hypointense protrusion of the clivus is thought as 
the corresponding MR appearance of this osseous stalk. In 
our study, this finding was available in 9 (81.8 %) of the 

Fig. 4 Ecchordosis physaliphora 
variant in a 28-year-old man with 
hearing loss. Axial precontrast 
(a) and contrast-enhanced (b) fast 
imaging employing steady-state 
acquisition images demonstrate a 
nonenhancing hyperintense lesion 
within the clivus alone (arrow) at 
an upper level than the Dorello 
canal in the midline
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in the medical records of our hospital. Surprisingly, we 
found no data regarding the imaging features of intradural 
chordoma on CISS/FIESTA imaging in radiology literature. 
Therefore, in our opinion, further investigations focusing on 
the signal intensity of chordoma on CISS/FIESTA imaging 
may provide additional information on the discrimination of 
these notochord-related lesions.

There are several limitations in this study. First, our study 
was retrospective. Second, both the sample size and the total 
number of EPs were small when compared with the study 
of Chihara et al. [4]. In contrast, we detected more lesions 
in a larger study population than those found by Mehnert 
et al. [3]. Third, imaging pathological correlation was not 
available because EP was not considered as the cause of the 
otological symptoms. Moreover, inconsistencies in radio-
logical evaluation were resolved by consensus, and a bias 
between observers could not be entirely excluded. In addi-
tion, CT data were available in only three patients; there-
fore, T2-hypointense protrusions of the clivus could not be 
confirmed as osseous stalk on CT in most of the patients.

In conclusion, we found many EPs in patients with oto-
logical symptoms on temporal MR imaging using precon-
trast and contrast-enhanced FIESTA images. We described 
various imaging appearances in EP consistent with the 
results of the study by Chihara et al. [4]; however, the inci-
dence of classical EP was slightly higher than those found 
by the previous studies. Contrast-enhanced FIESTA images 
were helpful not only to rule out chordoma but also in clear 
visualization of T2-hypointense protrusions of the cli-
vus. Therefore, with the added value of contrast-enhanced 
images, classification proposed by Chihara et al. [4] may be 
an advisable method in the assessment of EP, although we 
find EP variant lesions questionable.
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