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Abstract
Cholesteatoma is a collection of keratinous debris 
and stratified squamous epithelium. It is trapped in 
the middle ear and can lead to bony erosion. The 
disease is treated surgically often followed by a 
second-look procedure to check for residual tissue or 

recurrence. Cholesteatoma has specific signal-intensity 
characteristics on magnetic resonance imaging with 
very high signal intensity on diffusion weighted imaging 
(DWI). Various DWI techniques exist: Echo-planar 
imaging (EPI)-based and non-EPI-based techniques 
as well as new approaches like multi-shot EPI DWI. 
This article summarizes all techniques, discusses the 
significance in detecting cholesteatoma and mentions 
actual studies. Further recommendations for daily 
clinical practise are provided.

Key words: Cholesteatoma; Diffusion weighted imaging; 
Computed tomography; Magnetic resonance imaging; 
Echo-planar imaging; Non-echo-planar imaging

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Imaging cholesteatoma is either performed by 
computed tomography (CT) or by magnetic resonance 
imaging (MRI). CT is the method of choice for detection 
and for assessing exact location and extent. MRI with 
diffusion weighted imaging (DWI) is a powerful tool for the 
detection of local recurrence or residual cholesteatoma. 
Many DWI-techniques are available today; this review 
article gives an overview of the different sequences and 
the diagnostic procedure when using DWI with a clinical 
focus.

Henninger B, Kremser C. Diffusion weighted imaging for the 
detection and evaluation of cholesteatoma. World J Radiol 
2017; 9(5): 217-222  Available from: URL: http://www.wjgnet.
com/1949-8470/full/v9/i5/217.htm  DOI: http://dx.doi.org/10.4329/
wjr.v9.i5.217

INTRODUCTION
Cholesteatomas are defined as enlarging collections of 
keratinous debris within a sack of stratified squamous 
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epithelium trapped in the middle ear[1]. It is a common 
inflammatory disease that grows progressively as the 
debris increases. It is seen as a kind of chronic otitis 
media with cell proliferation due to repeated inflammation 
or for congenital reason. Clinically the complications 
of cholesteatoma are related to bony erosion and 
destruction which is thought to be related to mechanical 
pressure. Evan small cholesteatoma can cause ossicular 
chain erosions with the threat of a conductive hearing 
loss. The diagnosis is usually made on clinical features.

Cholesteatomas of the middle ear are managed 
by surgery, generally with complete excision of the 
lesion with tympanoplasty or radical or modified radical 
mastoidectomy. This is often followed by a second-look 
procedure performed to check for residual or recurrent 
disease. This second-look is conducted 6-18 mo after 
the initial operation because most recur within the first 
2 postoperative years, with 60% occurring during the 
first year after surgery[2,3]. The second-look surgery is 
mainly to assess residual or recurrent disease because 
both cannot adequately be diagnosed solely by clinical 
examination[4]. 

COMPUTED TOMOGRAPHY
Computed tomography (CT) of the temporal bone is 
widely accepted to detect or confirm cholesteatoma and 
to assess the extension, the exact location and possible 
complications of the disease. Therefore it is mandatory 
for the initial preoperative description of the extent of 
cholesteatoma and for correct surgical planning. CT is 
further recommended for the evaluation of recurrent 
disease but it is not reliable when the postoperative, 
formed cavity is completely filled with a soft-tissue mass 
or partially filled with nonspecific imaging abnormalities[5,6]. 
This can be caused by recurrent cholesteatoma, 
granulation or fibrous tissue. This differential diagnosis is 
important since recurrent cholesteatoma needs middle ear 
surgery but there is no need for surgery if only granulation 
tissue is detected. 

MAGNETIC RESONANCE IMAGING
Magnetic resonance imaging (MRI) has several advantages 
over CT in detecting recurrent or residual disease: 
Beside delayed contrast-enhanced T1-weighted spin-
echo (SE) imaging[7], diffusion weighted imaging (DWI) 
shows promising results in the data published so far[8-12]. 
Contrast-enhanced MRI can discriminate between the non-
enhancing cholesteatoma and other contrast-enhancing 
findings, e.g., inflammation, scar or granulation tissue[7,13]. 
DWI is more practical with a shorter examination time 
than delayed contrast material-enhanced imaging; there 
is also no need for contrast injection. The technique 
relies on the principles of the Brownian motion of water 
molecules[14]. Cholesteatomas appear hyperintens on 
DWI obtained with b-factors of 800 or 1000 s/mm2 where 
the b-factor is a measure of the strength of the respective 

diffusion weighting. This visual characteristic is similar to 
a histologically identical lesion, the epidermoid cyst[15] - 
granulation tissue, fibrous tissue, cholesterol granuloma 
or serous fluid, on the other hand, have low signal 
intensity on DWI (at a b-factor of 800 s/mm2). Visual 
assessment of DWI images obtained with a b-factor of 
800 s/mm2 without calculation of the apparent diffusion 
coefficient (ADC) is sufficient for the respective diagnostic 
analysis[9,12]. The reason for the high signal intensity is 
assumed to be due to a T2 shine-through effect or due 
to the restricted molecular diffusion of cholesteatoma. 
The T2 shine-through effect is observed in lesions with a 
prolonged relaxation time. Nevertheless, the real reason 
for the increased signal intensity on DWI is still unknown 
and under discussion in literature. DWI is a valuable tool 
to prevent unnecessary second-look surgeries in patients 
suspected for cholesteatomas and is therefore a reliable 
alternative to CT[16]. However, numerous artefacts can 
be generated during the acquisition of DWI, as, e.g., 
susceptibility artefacts, motion artefacts, ghosting 
artefacts and eddy current artefacts with the risk of false 
positive results[17]. 

So far a variety of different DWI-techniques has been 
used, which basically can be divided into echo-planar 
imaging (EPI)-based and non-EPI-based techniques. The 
choice of the actually used technique is thereby mainly 
influenced by the fact that imaging has to be performed 
near the scull base where problems due to different 
artefacts (e.g., motion, field inhomogeneities) can occur.

In addition DWI MRI is extremely useful for the 
assessment of possible complications such as erosion of 
the semicircular canal or invasion of the membranous 
labyrinth or the middle cranial fossa and to assess abscess 
formations[17].

EPI-DWI
Single-shot (SS) EPI-DWI can be seen as a widely avail
able standard DWI technique. It is relatively insensitive 
to motion but prone to susceptibility artefacts, chemical 
shift and geometric distortion[14]. These artefacts can 
mask areas of restricted diffusion in a cholesteatoma[18]. 
A further limitation of EPI-DWI is its low spatial resolution 
and relatively thick sections. The size limit to detect a 
cholesteatoma with EPI-DWI is approximately 5 mm[9,11]. 

Non-EPI-DWI
Turbo spin-echo (TSE)-based DWI is a spin-echo based 
SS or multi-shot (MS) technique with longer echo time 
and a higher signal-to-noise ratio than SS EPI-DWI. The 
sequence is known to lack significant image distortions 
and it does not show the susceptibility artefacts that are 
observed with standard EPI-DWI. Therefore a better 
spatial resolution in the middle ear is possible and it 
permits fast multiplanar imaging[19]. Furthermore thinner 
slices can be obtained than with EPI-sequences. This so 
called non-EPI sequence has therefore hardly any false-
positive findings. False-negative findings are mostly a 
consequence of motion or empty retraction pockets[20]. 
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The signal intensity of other postoperative findings has 
been reported much lower than that of residual and/or 
recurrent cholesteatoma[19,21]. 

In a study by Geoffray et al[22] non-EPI DWI was 
reliable to diagnose recurrent cholesteatoma also in 
children with a high sensitivity (87%) and specificity 
(71%). Nevertheless, they concluded that follow-up 
must be prolonged because small recurrence less than 
5 mm may be missed.

The TSE-DWI can be combined with half-Fourier 
acquisition single-shot turbo spin-echo (HASTE), a single-
shot technique with excellent motion insensitivity. HASTE 
is also less prone to susceptibility artefacts and geometric 
distortion than the EPI-Sequence[23,24]. The sensitivity 
and specificity of non-EPI DWI in depicting residual or 
recurrent cholesteatoma is very high, in literature it is 
between 90%-100% and also postulated higher than 
with EPI DWI[19-21,23-25]. The study by De Foer et al[25] 
prospectively evaluated a SS TSE-DWI sequence in 
detecting cholesteatoma with evaluation of the size of 
the middle ear cholesteatoma. They found 21 middle ear 
cholesteatomas at surgery with a size between 2 mm 
and 19 mm and 19/21 could be detected with DWI. Years 
later another study by De Foer et al[26] compared non-
EPI DWI, delayed gadolinium-enhanced T1-weighted MRI 
and the combination of both techniques in the evaluation 
of patients with cholesteatoma. Sensitivity and specificity 
was 56.7%/67.6% with the delayed gadolinium-enhanced 
T1-weigthed images, 82.6%/87.2% with the non-EPI DWI 
images and 84.2%/88.2% for the combination of both 
kinds of images. They concluded that for the detection of 
cholesteatoma non-EPI DWI can be used alone.

Non-EPI sequences with periodically rotated over
lapping parallel lines with enhanced reconstruction (PRO
PELLER, GE Medical Systems, Milwaukee, Wisconsin/
BLADE, Siemens Medical Solutions, Erlangen, Germany) 
have been reported as useful in avoiding geometric 
distortions. The k-space data are acquired in the form of 
rotating sections (blades). The resulting oversampling 
of the central k-space leads to an improved signal-to-
noise ratio (SNR) and to the reduction of motion and 
susceptibility artefacts[23,27,28]. MS TSE-based DWI increases 
sensitivity, specificity and diagnostic accuracy compared 
to conventional single-shot EPI DWI[29]. 

In a systematic review of DWI in the assessment of 
postoperative cholesteatoma by Jindal et al[30] a combined 
sensitivity of 91.4% and positive predictive value of 
97.3% was calculated for the non-EPI sequences. Non-
EPI also showed a negative predictive value of 85% 
which means that it is very useful in avoiding second-
look operations in healthy ears[30].

MS EPI DWI
Recently it has been shown that an improved, MS EPI 
approach can provide high-resolution DWI with reduced 
geometric distortions, however, with longer imaging 
time[31-33]. Readout-segmented echo-planar (RESOLVE) 
DWI is a new approach for obtaining DWI images with 

high quality delivering sharp images at high spatial 
resolution and reduced slice thickness. Therefore it is 
possible to detect even small cholesteatomas. It uses 
the same diffusion preparation as SS EPI. By dividing the 
k-space trajectory into multiple segments in the phase 
encoding direction TE can be reduced to increase the 
quality of the acquired images. Further RESOLVE DWI is 
largely free of distortions, susceptibility and T2* blurring 
artefacts. As we mentioned before non-EPI seems to be 
superior to the EPI techniques in diagnosing recurrent 
or residual cholesteatoma, however, at the time of 
the systematic review by Jindal et al[30] the RESOLVE 
technique was not yet available. To date there are only 
few studies that evaluated this new approach, however, 
with promising results[31]. In our daily clinical routine 
RESOLVE has been proven as a robust and reliable 
approach for the detection of recurrent cholesteatoma.

DWI FOR THE DAILY CLINICAL PRACTISE
DWI is a powerful tool that can replace CT and delayed 
gadolinium enhanced T1-weighted sequences. At our 
department and others contrast agent is not used any
more[26]. The best approach is to use non-EPI sequences 
or (if available) newer EPI-techniques as RESOLVE 
which provides high resolution and allows thinner slice-
thickness. Single-shot EPI-DWI techniques are not 
recommended as they can provide false positive results 
due to artefacts. Further anatomical sequences (T1- 
and T2-weighted) should be added in coronal and/or 
axial orientation to better localize suspected lesions. 
Our department uses an axial T1 und T2 TSE sequence 
and a coronal T2 TSE sequence with fat-saturation. 
The fat saturation can help to detect fatty content of 
any detected lesion or structure. These sequences can 
also help to differentiate, e.g., the characteristic T1 
hyperintensity of cholesterol granuloma. Dremmen 
et al[20] suggested to use conventional sequences to 
decrease the risk of misdiagnosis because transplanted 
fat within a postoperative cavity may show increased 
signal on DWI. Slice-thickness for the DWI (and its 
corresponding anatomical T1- or T2-weighted sequence) 
should not exceed 3 mm. If available, coloured image-
fusion of DWI and anatomic sequences helps to better 
demonstrate the findings to patients or clinicians. On the 
basis of the findings by Steens et al[34] repeated follow-
up DWI after surgery of cholesteatoma is recommended. 
Their study showed an evidence of cholesteatoma in 
31% of the patients on repeated follow-up DWI. 

For the interpretation of DWI the reporting radiologist 
should look for hyperintense lesions on high b-values 
(800 or 1000 s/mm2), ADC-values should not be taken 
into the diagnostic decision as cholesteatomas can be 
hyperintense in ADC because of the T2 shine-through 
effect. If a lesion is detected the next step should be an 
anatomical correlation and signal interpretation on T1- 
and T2-contrast. This minimizes false positive results. 

Henninger B et al . DWI to evaluate cholesteatoma
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Clinical examples are provided in Figures 1-3.

CONCLUSION
In conclusion, MRI with DWI can prevent unnecessary 
revision surgery in patients who are suspected of having 

recurrent or residual disease. Many techniques exist but 
non-EPI DWI and new MS EPI approaches (RESOLVE) 
are recommended to avoid false positive results due 
to different artefacts. The interpretation is simple but 
additional anatomical sequences are needed for exact 
localisation and differential diagnosis.

A B C

F

Figure 1  Thirty-nine-year-old male patient with clinically suspected cholesteatoma in the right middle ear. A: Axial CT of the temporal bone with soft-tissue mass in 
the tympanic space adjacent to malleolus and incus (white arrow); B: Axial T2-weighted MR depicts fluid-like signal in the tympanic space (white arrow); C: Fused axial T2-
weighted image and axial EPI DWI RESOLVE without any sign of restriction. Therefore there is no evidence of cholesteatoma; the findings are consistent with chronic otitis 
media. CT: Computed tomography; DWI: Diffusion weighted imaging; EPI: Echo-planar imaging; RESOLVE: Readout-segmented echo-planar.

A B

C D E

Figure 2  Thirty-one-year-old female after surgery for cholesteatoma. A, B: CT show a soft-tissue mass in the tympanic space adjacent to malleolus and scutum 
with suspected bony erosion (white arrow); C-E: Axial T2 weighted image shows fluid-like signal (white arrow) that has no restriction in EPI DWI RESOLVE (axial in D 
and coronal in E). There was no sign of recurrent cholesteatoma on follow-up surgery. CT: Computed tomography; DWI: Diffusion weighted imaging; EPI: Echo-planar 
imaging; RESOLVE: Readout-segmented echo-planar.
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Figure 3  Twenty-three-year-old male patient with a typical cholesteatoma detected with diffusion weighted imaging. A, D: T2 weighted images (A and D) show 
a fluid-like mass in the left middle ear (white arrow); B, C, E, F: EPI DWI RESOLVE (B and E) depict a hyperintense signal (white arrow) consistent with restriction due 
to a small cholesteatoma that is better demonstrated on fused images (C and F). DWI: Diffusion weighted imaging; EPI: Echo-planar imaging; RESOLVE: Readout-
segmented echo-planar.
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Abstract
AIM
To assess the correlation of lateral recess stenosis (LRS) 
of lumbar segments L4/5 and L5/S1 and the Oswestry 
Disability Index (ODI).

METHODS
Nine hundred and twenty-seven patients with history of 
low back pain were included in this uncontrolled study. 
On magnetic resonance images (MRI) the lateral recesses 
(LR) at lumbar levels L4/5 and L5/S1 were evaluated 
and each nerve root was classified into a 4-point grading 
scale (Grade 0-3) as normal, not deviated, deviated 
or compressed. Patient symptoms and disability were 
assessed using ODI. The Spearman’s rank correlation 
coefficient was used for statistical analysis (P < 0.05).

RESULTS
Approximately half of the LR revealed stenosis (grade 
1-3; 52% at level L4/5 and 42% at level L5/S1) with 2.2% 
and 1.9% respectively reveal a nerve root compression. 
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The ODI score ranged from 0%-91.11% with an arithmetic 
mean of 34.06% ± 16.89%. We observed a very weak 
statistically significant positive correlation between ODI 
and LRS at lumbar levels L4/5 and L5/S1, each bilaterally 
(L4/5 left: rho < 0.105, P < 0.01; L4/5 right: rho < 0.111, P 
< 0.01; L5/S1 left: rho 0.128, P < 0.01; L5/S1 right: rho < 
0.157, P < 0.001).

CONCLUSION
Although MRI is the standard imaging tool for diagnosing 
lumbar spinal stenosis, this study showed only a weak 
correlation of LRS on MRI and clinical findings. This can 
be attributed to a number of reasons outlined in this 
study, underlining that imaging findings alone are not 
sufficient to establish a reliable diagnosis for patients with 
LRS. 

Key words: Low back pain; Lumbar spine; Magnetic 
resonance imaging; Lateral recess stenosis; Oswestry 
Disability Score; Lumbar spinal canal stenosis

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In the presented study lateral recesses of 
nearly 1000 patients with low back pain were evaluated 
on magnetic resonance imaging (MRI) and correlated 
with patient symptoms. Though MRI is the method of 
choice for diagnosing lumbar spinal stenosis, we revealed 
only a very weak correlation of lateral recess stenosis 
(LRS) and patient symptoms. This can be attributed to 
numerous reasons outlined in this study, underlining that 
imaging findings alone are not sufficient for an adequate 
diagnostic approach of patients with LRS.

Splettstößer A, Khan MF, Zimmermann B, Vogl TJ, Ackermann H, 
Middendorp M, Maataoui A. Correlation of lumbar lateral recess 
stenosis in magnetic resonance imaging and clinical symptoms. 
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INTRODUCTION
After arthritis and rheumatism[1] low back pain (LBP) 
is the second most cause of disability in United States 
adults, and thus is a major social and economic issue[2]. 
With the aging population the prevalence is even 
drastically rising[3]. Lumbar spinal stenosis (LSS) is one 
main cause of LBP. As a distinct syndrome LSS was 
already described by Verbiest et al[4] in 1954. Most 
studies about LSS focus on the central LSS. Failure to 
recognize or adequately treat lateral recess stenosis 
(LRS) is considered to be the main reason for failed back 
surgery on the lumbar spine[5]. On account of this we 
focused on the LRS in the presented study. Regarding 
imaging analyses LSS is defined by the reduced size 
of the spinal canal. Based on the anatomical regions, 

LSS is generally subdivided in central spinal stenosis, 
LRS and foraminal stenosis. The LRS affects the lateral 
region of the lumbar spinal canal that is bordered 
laterally by the pedicle, posteriorly by the superior 
articular facet, and anteriorly by the vertebral body, 
endplate margin, and disc margin[6] (Figure 1). LRS is 
most commonly caused by degenerative changes of 
the spine such as facet joint osteoarthritis, ligamentum 
flavum hypertrophy, intervertebral disc degeneration and 
endplate spur. Congenital abnormalities, bone diseases, 
tumors or trauma are rare causes of LRS[7]. According to 
Bartynski et al[8] two pathways for the development of 
degenerative LRS exist. On the one hand the congenital 
or acquired trefoil canal in which the nerve root remains 
in its position in the LR and the narrowing of the LR 
developes in an anteroposterior fashion. Regarding the 
acquired trefoil canal first of all facet joint osteoarthritis 
causes the trefoil-shape, subsequent following endplate 
and disc degeneration result in LRS. The second pathway 
is called acute angular pinch. The narrowing occurs 
simultaneously from all directions due to endplate, disc 
and facet joint degeneration. The nerve root is either 
deviated medially or compressed in the LR. Magnetic 
resonance imaging (MRI) is considered the standard 
imaging technique for evaluation of LSS[9-11] due to the 
best soft tissue contrast[7]. Although LSS as a distinct 
syndrome has already been described more than 60 
years ago, the radiological classification systems remain 
inconsistent[12,13]. In 2014 the “Consensus conference of 
core radiological parameters to describe lumbar stenosis” 
with 15 internationally renowned experts focused on this 
problem[12]. Concerning the LRS they recommend the 
classification system of Bartynski et al[8] which focuses 
on the compression and the localization of the nerve 
root in the LR. In short Bartynski et al[8] divided the 
LRS in 4 grades: Normal (grade 0), small without root 
compression (grade 1), small with root compression 
(grade 2) and severe root compression (grade 3). LSS 
is usually diagnosed by clinical findings in correlation 
with imaging results. However in the daily routine we 
frequently experience a mismatch between LBP and MRI 
results. The aim of our study was to verify this mismatch 
regarding LBP and LRS. To the best of our knowledge 
there are no previous studies investigating the correlation 
of LBP and MRI findings of LRS in such a large group of 
patients.

MATERIALS AND METHODS
Study participants
The study was approved by the ethical committee. 
In total the study involved lumbar MR images of 927 
patients (410 men and 517 women). The mean age of 
the patients included was 47.7 years (ranging from 13 to 
92 years). All patients included in the study had suffered 
from LBP without any history of spinal surgery. Criteria 
for exclusion of patients were confirmed disc herniation, 
spinal stenosis, scoliosis and vertebral fractures. The 
MR images were gathered over a time of one year with 
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suspected disc herniation and facet joint degeneration 
being the main reasons for MRI.

Imaging technique
MRI of the lumbar spine was conducted with a 1.5 Tesla 
MRI system (Magnetom® Avanto, Siemens AG, Erlangen, 
Germany) and a dedicated receive only spine coil. For 
imaging analysis axial T2-weighted images were obtained 
using fast spin-echo sequences. The sequence parameters 
were: TR 3550; TE 90; matrix 448; field of view 210 
mm; slice thickness 4 mm; interslice gap 10%, number of 
excitations.

Image analysis
All MR images were assessed in consensus by two 
blinded authors (Adel Maataoui, M Fawad Khan). Both 
authors are board certified radiologists with longstanding 
experience in imaging of the musculoskeletal system. 
Degeneration of lumbar spine concerns mostly segments 
L4/5 and L5/S1, for which reason the LR of these seg
ments were graded on axial T2-weighted fast spin-
echo images. All in all, an overall number of 3708 lateral 
recesses were rated. 

Our grading system of LRS was based on Bartynski’s 
classification. We defined grade 0 as a normal LR in which 
the nerve root is bathed in cerebrospinal fluid. There is 
no contact to the adjacent structures. Grade 1 represents 
a narrowing of the LR without root deviation. Grade 2 
additionally reveals a root deviation. Grade 3 describes a 
compression of the nerve root (Table 1, Figure 2). 

Oswestry Disability Index
By means of the Oswestry Disability Index (ODI) fun
ctional status was assessed. The ODI is one of the 
principle outcome measure questionnaires for LBP - it 
measures pain and disability, which are core items in 
patients with LBP[14]. We used the german version of the 
ODI developed by Mannion et al[15]. This standardized, 
self-administered questionnaire contains ten sections: 
One section about pain intensity and nine sections 

about limitations of various activities of daily life, namely 
personal care (washing, dressing, etc.), lifting, walking, 
sitting, standing, sleeping, sex life, social life and 
travelling[16]. The question about sex life was excluded on 
grounds of ethical aspects. Each section is scored on a 
scale of 0-5 points with 0 representing no disability and 
5 the greatest disability. Section 2 “personal care” for 
example contains the following statements and scores: I 
can look after myself normally without causing extra pain 
(0); I can look after myself normally but it is very painful 
(1); It is painful to look after myself and I am slow and 
careful (2); I need some help but manage most of my 
personal care (3); I need help every day in most aspects 
of self care (4); and I do not get dressed, wash with 
difficulty and stay in bed (5)[16].

Finally the index is calculated by dividing the summed 
score by the total possible score (which has to be reduced 
by 5 for every question not answered). The result is 
then multiplied by 100 and expressed as a percentage. 
The result is interpreted as follows: Score of 0%-20%, 
minimal disability; 20%-40%, moderate disability; 
40%-60%, severe disability; 60%-80%, crippled; 
80%-100%, patients are bedbound.

Statistical analysis
Data were analysed with the use of the BIAS software 
package (Epsilon publisher, Frankfurt a.M., Germany). 
In order to evaluate the correlation of LRS and ODI 
Spearman’s coefficient of rank correlation was determined. 
P value < 0.05 were considered statistically significant.

RESULTS
Grades of LRS in the patient cohort 
Three thousand seven hundred and eight LR of 927 
patients were assessed at lumbar level L4/5 and L5/S1. 
Table 2 presents the number of LR according to the 
relative grade of stenosis. The image evaluation revealed 
430/461 grade 0 stenosis (48.1%), 357/349 grade 1 
stenosis (38.1%), 113/103 grade 2 stenosis (11.7%) 
and 27/14 grade 3 stenosis (2.2%) for the left/right 
side of lumbar level L4/5 and 528/548 grade 0 stenosis 
(58%), 303/316 grade 1 stenosis (33.4%), 75/49 grade 
2 stenosis (6.7%) and 21/14 grade 3 stenosis (1.9%) for 
the left/right side of lumbar level L5/S1, respectively.

Symptoms and disability
According to ODI scores patient symptoms and disability 
ranged from a minimal score of 0% to a maximal score 
of 91.11%. The mean value amounted to 34.06% ± 
16.89%. Most patients (48.39%) showed a moderate 
functional disability (21%-40%). Regarding sex no 
statistical difference between the ODI scores could be 
revealed: Men 32.47% ± 16.55% and women 35.58% 
± 16.55%. 

The mean ODI scores for LRS grade 0, 1, 2, 3 of 
lumbar level L4/5 on the right side were 31.53% ± 
15.46%, 31.53% ± 17.60%, 33.01% ± 17.17% and 

Figure 1  Axial T2-weighted magnetic resonance image of lumbar level 
L4/5 shows the lateral recess that is bordered laterally by the pedicle, 
posteriorly by the superior articular facet, and anteriorly by the vertebral 
body, endplate margin, and disc margin.

Splettstößer A et al . Correlation of lumbar LRS and clinical symptoms
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33.03% ± 16.89%. There was no statistical difference 
between the ODI score and the grade of LRS on lumbar 
level L4/5 on the right.

The mean ODI scores for LRS grade 0, 1, 2, 3 of 
lumbar level L4/5 on the left side were 30.75% ± 17.85%, 
30.74% ± 17.03%, 32.39% ± 16.97% and 33.25% ± 
16.90%. There was no statistical difference between the 
ODI score and the grade of LRS on lumbar level L4/5 on 
the left.

The mean ODI scores for LRS grade 0, 1, 2, 3 of 
lumbar level L5/S1 on the right side were 32.03% ± 
16.58%, 32.03% ± 16.60%, 33.24% ± 16.41% and 
33.88% ± 16.76%. There was no statistical difference 
between the ODI score and the grade of LRS on lumbar 
level L5/S1 on the right.

The mean ODI scores for LRS grade 0, 1, 2, 3 of 
lumbar level L5/S1 on the left side were 32.14% ± 
16.90%, 33.15% ± 16.62%, 33.13% ± 16.60% and 
33.46% ± 16.78%. There was no statistical difference 
between the ODI score and the grade of LRS on lumbar 
level L5/S1 on the left.

Correlation of ODI and LRS 
We observed a very weak statistically significant positive 
correlation between ODI and LRS at lumbar levels L4/5 
and L5/S1, each bilaterally. 

L4/5 left and ODI: rho < 0.105, P < 0.01; L4/5 right 
and ODI: rho < 0.111, P < 0.01; L5/S1 left and ODI: rho 
0.128, P < 0.01; L5/S1 right and ODI: rho < 0.157, P < 
0.001.

DISCUSSION
Despite the high prevalence of LSS and that the com
bination of clinical and imaging findings are the standard 
diagnostic tools[17] clinical and imaging findings often 
do not correlate. Haig et al[9] and Geisser et al[18] could 
not find any difference between symptomatic and asym­
ptomatic patients based on the size of the lumbar spinal 
canal measured on MR images. Lohmann et al[19] did also 
not detect a correlation between clinical findings and LSS 
on computed tomography (CT) images. 

A B

C D

Figure 2  Axial T2-weighted magnetic resonance images illustrate the grading system of lateral recess stenosis. A: Grade 0 bilaterally; B: Grade 1 bilaterally; C: 
Grade 2 bilaterally; D: Grade 3 on the left, Grade 1 on the right.

Grade Nerve root in the lateral recess 

0 Normal
1 No deviation
2 Deviation
3 Compression

Table 1  Grading system of lateral recess stenosis

Lumbar level  Grades

0 1 2 3
L4/5 left 430 357 113 27
L4/5 right 461 349 103 14
L5/S1 left 528 303   75 21
L5/S1 right 548 316   49 14

Table 2  Number of grades of lateral recess stenosis for 
lumbar levels L4/5 and L5/S1

Splettstößer A et al . Correlation of lumbar LRS and clinical symptoms
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The aim of our study was to verify if the results of 
these studies which focused on central LSS, do also apply 
to LRS. In the presented study with a cohort of more 
than 900 patients we found only a very weak positive 
correlation between the severity of LBP and the severity 
of LRS. Our findings are supported by the results of 
Kuittinen et al[20]: By MR imaging and electromyography 
they evaluated 140 nerve roots of 14 patients, who 
were selected for surgical treatment of LRS. The findings 
were correlated with each other as well as with the 
clinical symptoms, measured by different tests including 
the ODI. In this little cohort they revealed a positive 
correlation between MR-findings and EMG and between 
EMG and patient symptoms. But they revealed no 
correlation between MR findings and patient symptoms. 
The study is limited by the very small cohort of patients 
and the fact that also neuroforaminal stenosis was 
included.

It is unclear why clinical and imaging findings do 
often not correlate. The compression of the nerve 
root is considered to be one of the main causes of 
symptoms in patients with LRS[21-23]. In an experimental 
study Lacroix-Fralish et al[24] observed that a nerve root 
ligation in a rat model produced mechanical allodynia. 
Mechanical root compression in a dog model revealed 
intraradicular edema and Wallerian degeneration[25]. 
Using a silicon tube Saal[26] and Xue et al[27] produced 
lumbar nerve root compression in a rat model, which 
resulted in disappearing of the myelin sheath and 
activation of microglia, which is assumed to participate 
in the genesis and maintenance of pain[24]. 

Thus, it must be considered that a possible reason 
for the discrepancy between MRI findings and patient 
symptoms could be that MRI does not sufficiently iden
tify nerve compression. Bartynski et al[8] assessed the 
accuracy of MRI in 26 patients with symptomatic nerve 
root compression in the LR at lumbar levels L2/3 - L5/S1. 
Each patient underwent MRI, conventional myelograpy 
and CT myelography; the root compression was confirmed 
surgically and a post-operative pain improvement could 
be observed. In MRI the root compression was under
estimated in nearly 30%.

LSS, in addition, has an important dynamic com
ponent. MRI was performed, as usual, with the patient 
lying in the supine position. Yet it is known and even 
a key feature for LSS that patient symptoms increase 
under axial loading and lumbar extension while they 
decrease under axial distraction and flexion[17,28]. This can 
be explained by anatomic alterations: Flexion and extension 
can change the size of the central lumbar canal, the LR 
and the neural foramen and can consecutively result in 
changes of the cauda equina as well as in isolated nerve 
root compression in the LR[29]. In experimental studies 
axial loading has caused alterations of the size of the 
lumbar canal and the neural foramen[30]. In the upright 
position axial loading can cause displacement of peridiscal 
structures that lead to a nerve root compression which is 
not observable in the supine position[31]. In addition the 
pressure in the lumbar canal can be altered by postural 
changes[32,33]. 

Two other aspects should be considered as possible 
explanations for the weak correlation. On the one hand 
the nerve root can be compressed without clinical 
symptoms. On the other hand clinical symptoms can be 
evident without imaging findings of root compression. 
Although there are single studies which reveal nerve root 
compression in approximately 20% of asymptomatic 
individuals[34], there is in total only a small number of 
asymptomatic individuals who reveal nerve root com
pression in MRI. In a study presented by Weishaupt et 
al[35] with 60 asymptomatic volunteers only one single 
root compression was observed in MRI by one of the 
readers. A study of nearly 100 asymptomatic elite junior 
tennis players revealed a nerve root compression in 
only 2%[36]. Boos et al[37] reported a “major nerve defor
mation” in 4% of asymptomatic adults.

A possible explanation for clinical symptoms without 
evident nerve root compression in imaging is the in
flammation of the nerve root caused by inflammatory 
mediators[38,39], for example, Interleukin β1[40]. It is hypo
thesized, that these substances can diffuse in the spinal 
canal from the facet joints, the ligamentum flavum[40] and 
from the intervertebral disc[26,41]. 

Beside the nerve root nearly all lumbar structures 
are potential sources of LBP, such as the facet joints, 
the intervertebral discs, bones, fascial structures and 
muscles[42]. Especially facet joint osteoarthritis is known 
for radiating pain without evidence of nerve root com
pression[43,44]. Because of the fact that LRS is based on 
facet joint osteoarthritis, intervertebral disc degeneration, 
ligamentum flavum hypertrophy and endplate spur we 
have to consider that in our study each of these structures 
could be the crucial factor for patient symptoms.

LBP rarely causes objective endpoints so outcomes 
are best measured with patient-reported metrics[45]. 
We assessed patient symptoms by means of the ODI. 
It is one of the most commonly used measures of dis
ability in back pain[46]. It has established psychometric 
properties, is easy to use and has a low administrative 
burden[46]. Yet, based on self-reported symptoms, the ODI 
remains subjective. Furthermore it does not measure 
nerve root level specific symptoms. A limitation of the 
presented study is that results of clinical, more objective, 
examinations were not included and that we assessed no 
nerve root level specific symptoms. In addition the LRS 
were not proved surgically.

In conclusion, in our broad study population we 
only found a very weak statistically significant positive 
correlation between LBP and LRS on MR-images, thus 
confirming the well-known problem that in the context 
of diagnosing LBP clinical and imaging findings often do 
not correlate. Our results underline the necessity not 
to evaluate LRS isolated on imaging but in relation to 
clinical findings.

COMMENTS
Background
Low back pain (LBP) is an important issue for healthcare systems all over the 
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world. One reason of LBP is lumbar spinal stenosis (LSS), with lateral recess 
stenosis (LRS) not gaining as much attention as central spinal stenosis, a fact 
that is assumed to be the main reason for failed back surgery. Concerning 
imaging techniques magnetic resonance imaging (MRI) is the standard 
imaging tool for evaluating LSS. However in the daily routine people frequently 
experience a mismatch between LBP and MRI results. The aim of this study 
was to verify this mismatch regarding LBP and LRS.

Research frontiers
The problem that in the context of LBP clinical and imaging findings often do 
not correlate has been the objective of numerous studies in the past. Yet the 
LRS as one reason of LBP is underrepresented and most studies have a small 
study population. 

Innovations and breakthroughs
The authors assessed the correlation between LBP and LRS in a very broad 
study population including nearly 1000 patients. Functional status was 
assessed by means of the Oswestry Disability Index (ODI), and LRS was 
assessed on axial magnetic resonance images of lumbar level L4/5 and L5/S1 
by evaluating the nerve root in the lateral recess on a 4 point grading scale. 
The authors revealed a very weak statistically significant positive correlation 
between ODI and LRS at the L4/5 segment as well as the L5/S1 segment.

Applications
The presented findings underline the necessity not to evaluate LRS isolated on 
imaging but in relation with the clinical findings. 

Terminology
Lateral recess stenosis: It describes the stenosis of the lateral part of the 
lumbar spinal canal that is bordered laterally by the pedicle, posteriorly by the 
superior articular facet, and anteriorly by the vertebral body, endplate margin, 
and disc margin. It is most commonly caused by degenerative changes; 
Oswestry Disability Index: The Oswestry Disability Index is one of the principle 
outcome measure questionnaires for low back pain focussing on disability and 
pain. 

Peer-review
The authors studied the correlation of lumbar recess stenosis in MRI with 
clinical symptoms.
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Abstract
AIM
To highlight the salient magnetic resonance imaging 
(MRI) features of the intraneural ganglion cyst (INGC) 
of various peripheral nerves for their precise diagnosis 
and to differentiate them from other intra and extra-
neural cystic lesions.

METHODS
A retrospective analysis of the magnetic resonance (MR) 
images of a cohort of 245 patients presenting with 
nerve palsy involving different peripheral nerves was 
done. MR images were analyzed for the presence of a 
nerve lesion, and if found, it was further characterized 
as solid or cystic. The serial axial, coronal and sagittal 
MR images of the lesions diagnosed as INGC were 
studied for their pattern and the anatomical extent 
along the course of the affected nerve and its branches. 
Its relation to identifiable anatomical landmarks, intra-
articular communication and presence of denervation 
changes in the muscles supplied by involved nerve was 
also studied.

RESULTS
A total of 45 cystic lesions in the intra or extraneural 
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locations of the nerves were identified from the 245 MR 
scans done for patients presenting with nerve palsy. Out 
of these 45 cystic lesions, 13 were diagnosed to have 
INGC of a peripheral nerve on MRI. The other cystic 
lesions included extraneural ganglion cyst, paralabral 
cyst impinging upon the suprascapular nerve, cystic 
schwannoma and nerve abscesses related to Hansen’s  
disease involving various peripheral nerves. Thirteen 
lesions of INGC were identified in 12 patients. Seven 
of these affected the common peroneal nerve with one 
patient having a bilateral involvement. Two lesions each 
were noted in the tibial and suprascapular nerves, and 
one each in the obturator and proximal sciatic nerve. An 
intra-articular connection along the articular branch was 
demonstrated in 12 out of 13 lesions. Varying stages 
of denervation atrophy of the supplied muscles of the 
affected nerves were seen in 7 cases. Out of these 13 
lesions in 12 patients, 6 underwent surgery.

CONCLUSION
INGC is an important cause of reversible mono-neuro
pathy if diagnosed early and surgically treated. Its 
classic MRI pattern differentiates it from other lesions of 
the peripheral nerve and aid in its therapeutic planning. 
In each case, the joint connection has to be identified 
preoperatively, and the same should be excised during 
surgery to prevent further cyst recurrence.

Key words: Intra-neural; Magnetic resonance imaging; 
Peripheral nerves; Extra-neural; Ganglion cyst

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This is a retrospective study to emphasize the 
characteristic magnetic resonance imaging (MRI) features 
of the intraneural ganglion cyst (INGC) of the peripheral 
nerves. The radiologist should recognize the classic MRI 
pattern of the INGC, its joint connection and imaging 
anatomy of the involved nerve. This would aid surgeons 
in complete removal of the cyst, prevent its recurrence 
and hence improved patient outcomes. Both radiologists 
and surgeons should be aware of other neurogenic 
lesions and the extra neural ganglion cyst which may also 
have a joint connection. 

Panwar J, Mathew A, Thomas BP. Cystic lesions of peripheral 
nerves: Are we missing the diagnosis of the intraneural ganglion 
cyst? World J Radiol 2017; 9(5): 230-244  Available from: URL: 
http://www.wjgnet.com/1949-8470/full/v9/i5/230.htm  DOI: http://
dx.doi.org/10.4329/wjr.v9.i5.230

INTRODUCTION
Patients presenting with thickened peripheral nerves 
and nerve palsy are often diagnosed as Hansen’s disease 
(HD) in endemic areas when other diagnostic tests 

come back inconclusive[1-4]. These patients may be thus 
treated with long term empirical multi-drug therapy for 
the same[3-6]. An intraneural ganglion cyst (INGC) is a 
non-neoplastic mucinous cyst within the epineurium of 
a nerve and commences from an adjoining joint[7-13]. 
These cysts are filled with a mucinous material which is 
walled off by a fibrous layer[7-9]. As these cysts expand 
within the epineurium, they displace and compress the 
adjacent nerve fascicles leading to pain, paresthesia, 
tingling and muscle paralysis in the distribution of the 
involved nerve[14,15]. It may follow trivial trauma to the 
joint[7]. The clinical evaluation of an involved nerve will 
show thickening if superficial and a variable degree of 
sensory-motor disturbance along its distribution[13-15]. 
This presentation of variable motor palsy and sensory 
symptoms of acute onset may mimic other conditions like 
lumbosacral disc disease, pelvic or shoulder pathologies 
and may delay early detection[14,16]. The diagnosis of 
INGC can be confirmed by imaging techniques like 
magnetic resonance imaging (MRI) and high resolution 
ultrasonography[14-19]. The nerve paralysis is usually 
reversible if the nerve is surgically decompressed early. Its 
articular connection should be identified and disconnected 
during surgery to prevent recurrence[14,15,20].

MATERIALS AND METHODS
This study was approved by the institutional review 
board, and consent from all patients was waived. This 
research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit 
sectors.

Patient selection
All MR images of the patients presenting with peripheral 
nerve palsy from July 2005 to December 2015 were 
selected from our radiology database. A computer 
search was also performed for the term “ganglion cyst” 
of proximal tibiofibular (PTF) joint, “paralabral cyst”, 
“intraneural ganglion cyst”, ganglion cyst of knee, 
shoulder, elbow and hip joints in the radiology information 
system database. From this cohort of images, all nerves 
with solid and cystic lesions were first identified. Among 
the cystic lesions thus identified the images showing 
elongated cystic lesions of the peripheral nerve along its 
course and those that fulfilled one or more of the inclusion 
criteria for INGC (Table 1) were selected. Thirteen such 
lesions were identified and their MR images, available 
clinical details, follow-up information and histopathology 
were reviewed by a musculoskeletal radiologist.

Image acquisition
Images were obtained by a variety of MRI scanners, 
including 0.5-T units (n = 1; NT Intera, Philips Health
care, Netherland), 1.5-T units (n = 2; Magnetom Avanto, 
Siemens Healthcare, Erlangen, Germany), and 3-T 
units (n = 6; Intera Achieva, Philips Healthcare, Best, 
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Netherland). The imaging protocol and parameters also 
varied from case to case. The images were acquired 
in all three orthogonal planes including axial, coronal 
and sagittal in all patients. Fast spin echo T2-weighted 
axial, coronal and sagittal images with or without fat 
suppression and T1-weighted axial images were done in 
all patients scanned in the 0.5-T and 1.5-T MR scanner. 
Proton density fat suppressed axial, coronal and sagittal 
images along with T1-weighted axial images were available 
for all cases done in the 3-T MR scanner.

Image analysis
The MR images of all cystic lesions were reviewed by a 
musculoskeletal radiologist on a General Electric® (GE) 
picture archiving and communication system workstation. 
The images were evaluated, specifically looking for the 
presence of the following features: (1) the presence of 
T2/fat suppressed (T2 or proton density) hyperintense 
cystic lesion, along the nerve or its branches; (2) the 
exact anatomical site, intra or extra-neural location; 
(3) any communication to the adjacent joint along an 
articular branch; (4) the morphology of the cyst in terms 
of shape and pattern; and (5) denervation changes of 
the affected muscle compartment was also assessed.

RESULTS
Clinical findings
The mean age of the patients was 38.2 years (range 9-67 
years). There were ten males and two females in this 
series. Pain along the distribution of the involved nerve 
and weakness of muscles supplied by the same were the 
most common presenting symptoms and was present in 
all 12 patients. One lesion was asymptomatic. The same 
was discovered incidentally on the contralateral side 
during routine imaging. Four cases of INGCs involving 
the common peroneal nerve (CPN) were primarily diag
nosed as cystic schwannoma and one suprascapular and 
obturator nerves lesion were labeled as a paralabral and 
obturator foramen ganglion cysts respectively. However, 
no labral tear was seen on MR imaging in either case. Of 
the 13 lesions, 6 cysts were excised or decompressed 
by surgery. The articular connection was excised during 
surgery in 4 out of 5 patients with CPN (PTF joint 
connection) and in one patient with suprascapular nerve 
(AC joint connection) involvement. 

The other cystic lesions included: 9 cases of extra
neural ganglion cyst (ENGC) of PTF joint in close relation 
with CPN, one ENGC of radio-humeral (elbow) joint 
impinging upon the deep branch of radial nerve, 6 cases 
of paralabral cyst impinging upon the suprascapular 

nerve, 8 cases of cystic schwannoma and 8 cases of nerve 
abscesses related to HD involving various peripheral 
nerves. Table 2 summarizes the clinical details of patients 
with cystic lesions related to and of the nerve.

MRI findings
INGSs: An elongated multi-lobulated cystic lesion, 
oriented longitudinally along the course of the nerve 
was seen in all 13 INGC lesions. An extension of the 
cyst along the articular branch with intra-articular com
munication was demonstrated in 12 of these lesions 
(Figures 1 and 2). 

Out of the 13 lesions, 7 involved the peroneal nerve 
with one patient having bilateral lesions of which one side 
was asymptomatic. The tibial (Figures 3-5) and supra
scapular nerves (Figure 6) were involved in 2 patients. 

One case each of the obturator (Figures 7 and 8) 
and proximal sciatic nerves (Figures 9 and 10) were 
also identified. 

A variable extension of cysts along the branches of 
the parent nerve was seen in 12 cases (Figures 1-5, 8 
and 11). Varying stages of denervation of the supplied 
muscles were seen in 7 cases (Figures 3-5, 8 and 11). 

Six patients underwent surgery and their diagnoses 
were confirmed by histo-pathological evaluation of the 
biopsied specimens. The intraoperative images of one of 
these patients are shown in Figure 12. 

In one tibial nerve INGC, in addition to PTF joint con
nection, a second posterior knee joint connection was also 
noted (Figure 4). In four cases with CPN involvement, 
the INGC could also be seen extending distally for a 
variable length along the deep (Figures 2) and superficial 
peroneal (Figure 11) nerve branches. The obturator nerve 
cyst also extended along it’s anterior branch (Figure 8) 
the tibial nerve lesions extended along the branch to the 
popliteus and tibialis posterior muscles (Figure 3-5). Table 
3 summarizes the MRI findings of INGC of the peripheral 
nerves in this series.

Other cystic lesions
ENGC: These are most commonly seen around the 
PTF joint in close relation with CPN and its branches. Its 
characteristic MR features are described in Figure 13 and 
its differentiation from INGC on imaging is illustrated in 
Figure 14 and summarized in Table 4. 

Cystic schwannoma: Schwannomas represent the 
most common peripheral nerve sheath tumor[21] and are 
mostly solid or heterogeneous tumors. However, cystic 
schwannomas of the peripheral nerve are uncommon[22,23] 
and may mimic other extra or intraneural cystic lesions. 
MR features of cystic schwannoma of CPN are illustrated 
in Figure 15.

Paralabral cyst: Paralabral cysts of the shoulder 
joint are commonly seen in the middle aged men and 
cause impingement of the suprascapular nerve. They 
are commonly located at the posterosuperior glenoid 
region, secondary to a labral tear. They can extend into 

Multilocular elongated hyperintense cystic mass on T2 weighted imaging
Distributed along the course of a peripheral nerve and its branches
Extension along the articular branch to the adjacent joint
Denervation changes of the muscles supplied by involved nerve

Table 1  Inclusion criteria for intraneural ganglion cyst

Panwar J et al . Intraneural ganglion cyst of peripheral nerves
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the spinoglenoid notch and can cause compression of 
the suprascapular nerve (Figure 16).

Nerve abscess related to HD: Granulomatous nerve 
lesions of HD may show central breakdown and abscess 
formation. These are relatively uncommon and are seen 

in the tuberculoid form of the leprosy (Figure 17).

DISCUSSION
INGC is often referred to as a rare non-neoplastic 
mucinous cyst located within the epineurium of peripheral 

Patient data Intraneural ganglion cyst Extraneural ganglion cyst Para-labral cyst Cystic schwannoma Nerve abscess

Total number of lesions 13 10   6 8 8
Mean age (yr) 
SD

   38.2
     14.66

   30.5
     16.42

32
       3.94

 42.6
   10.79

 28.2
   12.84

Common symptoms Pain along distribution of 
nerve, motor weakness

Pain and swelling Pain and weakness 
of external rotators

Parasthesia, pain along 
distribution of nerve

Parasthesia and 
weakness

Male:female ratio  10:2 6:4 6:0 5:3 8:0
Nerves involved CPN 7 Near Near CPN 3 Ulnar 51

Tibial 2 CPN 9 SSN 6 Median 2 CPN 21

Suprascapular 2 Radial 1 Sciatic 1 Median 3
Prox. Sciatic 1 Tibial 1 Radial 31

Obturator 1 Radial 1
Number who underwent surgery 6/13 10/10 6/6 8/8 3/8
Correct diagnosis on MRI 7/13 8/10 6/6 8/8 8/8

Table 2  Epidemiological data of patients diagnosed with cystic lesions related to the nerve

1Combined involvement of multiple nerves. MRI: Magnetic resonance imaging; CPN: Common peroneal nerve.

SN Involved nerve   Extension Labral or 
capsular tear

Joint 
abnormality

Muscle 
denervation

Anatomical extent along 
the parent nerve

Branches Intra-articular extension

1 Right CPN Upto sciatic bifurcation Recurrent articular Anterior aspect of PTF 
joint

Negative - Muscles of 
anterolateral 

compartment of leg
2 Left CPN Upto posterolateral fibular 

head
Recurrent articular, 

deep peroneal
Anterior aspect of PTF 

joint
Negative - -

3 Right CPN Upto sciatic bifurcation Recurrent articular, 
superficial and deep 

peroneal

Anterior aspect of PTF 
joint

Negative - Muscles of 
anterolateral 

compartment of leg
4 Left CPN Upto posterolateral fibular 

head
Recurrent articular, 

deep peroneal
Anterior aspect of PTF 

joint
Negative - -

5 Left CPN Upto posterolateral fibular 
head

Recurrent articular, 
deep peroneal

Anterior aspect of PTF 
joint

Negative - Muscles of 
anterolateral 

compartment of leg
6 Right CPN Upto posterolateral fibular 

head
Recurrent articular Anterior aspect of PTF 

joint
Negative - Muscles of 

anterolateral 
compartment of leg 

7 Right CPN Upto neck of fibula Recurrent articular Anterior aspect of PTF Negative -
8 Right obturator Along the lateral pelvic 

wall to pelvic brim
Anterior division Anteromedial aspect of hip 

joint
Negative - Adductor brevis and 

magnus
9 Right 

suprascapular
Suprascapular to 

spinoglenoid notch
- - Negative - Supra and 

infraspinatus
10 Left proximal 

sciatic 
At sciatic notch Articular Posteromedial aspect of 

hip joint
Negative - -

11 Right tibial Upto tibial nerve Articular, branch to 
popliteus muscle

Posterior aspect of PTF 
joint

Negative - -

12 Left tibial Upto sciatic bifurcation Articular, branch to 
popliteus muscle, 
branch to tibialis 
posterior muscle

Posterior aspect of PTF 
and knee joints

Negative - Popliteus and tibialis 
posterior 

13 Right 
suprascapular

From the level of AC joint 
to below the spinoglenoid 

notch

Articular branch to AC 
joint

AC joint Negative - -

Table 3  Summery of magnetic resonance imaging findings of intraneural ganglion cyst of peripheral nerves

PTF: Proximal tibiofibular; AC: Acromioclavicular; CPN: Common peroneal nerve.
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nerves and is closely related to an adjoining joint[7-11,20,24,25]. 
These lesions commonly affect the peroneal nerve at the 
knee but can involve the other peripheral nerves[7,26,27] 

as shown in this series. They usually present with mild 
symptoms and remain undiagnosed initially[27]. MRI plays 
an important role in diagnosing this condition and can 

Intraneural ganglion cyst Extraneural ganglion cyst

Cyst size Small Large
Cyst shape Tubular beaded configuration Globular 
Cyst pattern and location It is along the course of the nerve and its branches 

with no fat plane between the cyst and the nerve
It does not follow the course of the nerve; the nerve is seen separately 
from the cyst with an intervening preserved fat plane; usually located 
in between the fibula and peroneus longus muscle, with or without an 

intramuscular extension 
PTF joint connection Is present and the tail lies anteromedial to proximal 

fibula between 10-12 o’clock position on axial MR 
images

Is present but located more superiorly and anterolateral to the proximal 
fibula at 12-2 o’clock position on axial MR images

Relation with fibula The extension of the cyst along the articular branch 
appears to cross the fibula from medial to lateral 

(“Transverse limb sign”)

The cyst never crosses the fibula and always lies anterior, anterolateral 
or lateral to the fibula (Absent “Transverse limb sign”)

Muscle denervation Common Uncommon

Table 4  Magnetic resonance features differentiating intraneural ganglion cyst from extraneural ganglion cyst

MR: Magnetic resonance; PTF: Proximal tibiofibular.

A B C D

T

F

Figure 1  A shows a diagrammatic representation of the intraneural ganglion cyst associated with the proximal tibiofibular joint in the coronal plane; 
B-D are serial, coronal, T2-weighted, fast spin echo images of the knee show the origin of the lobulated tubular cyst from the proximal tibiofibular joint 
also called the “tail sign” demonstrated by the black arrows. The further extension along the descending limb (yellow arrows) of the articular branch represents 
the “vertical limb sign”. The ascending limb of the articular branch (red arrows) demonstrates the “transverse limb sign” which continues to the CPN (blue arrows). 
Extension of the cyst into the two limbs of the articular branch and further ascent into the parent nerve represents the “u-sign”. T: Tibia; F: Fibula; CPN: Common 
peroneal nerve.

A B C D E

T

F

Fe

Figure 2  A shows a diagrammatic representation of the intraneural ganglion cyst associated with the proximal tibiofibular joint in the sagittal plane; B-E 
serial, sagittal, T2-weighted, fast spin echo images of the knee show the origin of the lobulated tubular cyst from the proximal tibiofibular joint represents 
the “tail sign” (black arrows). The further extension along the descending limb (yellow arrows) represents the “vertical limb sign” and ascending limb (red arrows) of 
the articular branch demonstrates the “transverse limb sign”; which continues to the CPN (blue arrows). The cyst also extends along the deep peroneal nerve (open 
arrows) in image E. T: Tibia; F: Fibula; CPN: Common peroneal nerve; Fe: Femur.
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A B C D

E F G H

Fe

Fi

Figure 3  Images A-H show serial, proton density-weighted fat suppressed sagittal sections of the knee demonstrate the longitudinally oriented cystic 
lesion in the tibial nerve (red arrows) with extension along the articular branch to proximal tibiofibular joint (yellow arrows), branch to popliteus (blue 
arrows) and tibialis posterior muscles (white arrows). Note the denervation edema in the popliteus muscle (star). T: Tibia; Fi: Fibula; Fe: Femur.

A B C D

E F G H

Figure 4  Images A-H show serial, proton density-weighted fat suppressed coronal sections of the knee demonstrate the longitudinal extent of intraneural 
cyst in the tibial nerve (red arrows), with propagation of cyst along the articular branches that communicate with the posterior aspect of knee joint (pink 
arrows, dashed line and circle) and to the postero-inferior part of proximal tibiofibular joint (yellow arrows). This represents a dual joint connection (knee 
and proximal tibiofibular) from the same intraneural ganglion cyst. The cyst also extends along the branch to the popliteus (blue arrows) and tibialis posterior 
muscles (white arrows). Note the denervation edema in the popliteus (blue star) and tibialis posterior (red star) muscles. Superiorly, the cyst extends up to the 
bifurcation of the sciatic nerve in the distal third of the thigh.
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reliably demonstrate the presence and the pattern of the 
cystic lesion and the exact level of communication of the 
cyst to the adjacent joint[8,20,28,29]. This typical imaging 
pattern and its consistent anatomical location within the 
nerves and the communication with adjoining joints, 
distinguish the intraneural cyst from the other neurogenic 
or extra neural cystic lesions[8,28,29]. Recognition of its 
articular connection on MR further helps in complete 

removal of the cyst, thus avoiding cyst recurrences[20,29].
The exact pathogenesis of the INGC is still not known. 

There are numerous hypotheses for its pathogenesis 
ranging from recurrent trauma, intra-neural hemorrhage, 
mucoid degeneration, de novo formation from haemar
tomatous cell rests[7,11,30-32] and the more recent “unified 
articular theory”[20,29,33,34]. According to the latter, the 
INGC originates from an adjoining joint and dissects 

Fe T

F

A B C

Figure 5  Images A-C show serial, proton density-weighted fat suppressed axial images of the knee demonstrate the eccentric cyst (red arrows) within the 
epineurium of tibial nerve displacing the nerve fascicles (yellow arrows) which represents the “signet ring sign” (A). The joint connection (pink arrows) is well 
appreciated where the cyst arises from the posterior aspect of the PTF joint. This represents the “tail sign” (B). The cyst (yellow arrows) extends along the posterior 
surface of the popliteus muscle into the branch to popliteus muscle. Denervation edema is seen in the popliteus (blue star) and tibialis posterior (red star) muscles. T: 
Tibia; F: Fibula; Fe: Femur; PTF: Proximal tibiofibular.

A B C D

E F G H

I J K L

Figure 6  Images A-L show serial T2-weighted fat suppressed axial sections of the right shoulder, outlines the longitudinally oriented cyst (stars) along 
the course of the suprascapular nerve. The cyst extends from the level of the acromioclavicular joint (B) to the posterior aspect of glenohumeral joint (L). A narrow 
joint connection extends along the expected course of the articular branch of the suprascapular nerve to the acromioclavicular joint (yellow arrows). Further descend 
of the intraneural cyst through the posterior triangle into the suprascapular and spinoglenoid notches are demonstrated by red, blue and pink arrows respectively. No 
obvious labral or capsular tear or degeneration of joint is noted on magnetic resonance imaging. 
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along the articular branch into the parent nerve. The cyst dissects along the path of least resistance, namely the 

A B

ON

ON

Figure 7  Images A, B show serial, T2-weighted fat suppressed coronal sections of the pelvis that demonstrates the longitudinally oriented intraneural cyst 
in the right obturator nerve (black arrows). The extension along the articular branch to the anteromedial aspect of right hip joint (white arrows) is also seen. Note 
the normal left obturator nerve (ON, yellow arrows). Reprinted with permission from Acta Neurologica Belgica.

A B
AB

AM

Figure 8  Image A, B show serial, T2-weighted fat suppressed axial images of the pelvis that demonstrates the further inferior extension of the cyst 
along the anterior branch of the obturator nerve (black arrow). Note the denervation atrophy of adductor brevis (AB) and magnus (AM) muscles. Reprinted with 
permission from Acta Neurologica Belgica.

A B

C D

Figure 9  Image A-D show serial, T2-weighted, fast spin echo axial sections of the left hip joint highlighting a cyst (star) at the level of the left sciatic notch. 
An extension along the expected course of the articular branch of the sciatic nerve (white arrows) communicating with the posteromedial aspect of the ipsilateral hip 
joint (open arrows) is also seen.
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perineural tissue of the nerve[11,30,31]. 
The diagnostic work-up includes clinical examination, 

electrophysiological studies and imaging. The ganglion 
cyst usually presents with pain, motor weakness and 
paraesthesia along the distribution of involved nerve[13-15,35]. 
Electrophysiological studies including electromyography 
and nerve conduction studies may indicate muscle 
denervation and conduction latency, respectively[35-38]. MRI 
is the imaging of choice for the nerve and its surrounding 
soft tissues[37,39-41]. It helps in defining the lesion along the 
course of the nerve. 

On MR, these cysts are small in size and demonstrate 
the typical, tubular beaded configuration oriented 
longitudinally along the course of the involved nerve and 
its branches[8,9,19,38,40]. They appear as low signal on T1-
weighted and high signal on T2-weighted images[42,43]. 
The joint connection and the extension of the cyst along 
the articular branch of nerve when present, can be well 
demonstrated[20,29,30,36,38,39]. Further denervation muscle 
edema as T2 hyperintensity and muscle atrophy as 
T1 hyperintensity can be seen[8,10,38]. In the peroneal 
intraneural cyst, the PTF joint connection and a cyst 

A B

C D

Figure 10  Images A-D show serial, T2-weighted fat suppressed coronal sections of the pelvis, demonstrate a cyst (black arrows) at the level of the left 
sciatic notch. The cyst extends along the articular branch of the sciatic nerve (white arrows) and communicates with the posteromedial aspect of the ipsilateral hip 
joint (D). No obvious labral or capsular tear or degeneration of joint is noted.
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Figure 11  Images A-C show serial, coronal, proton density fat suppressed sections of the knee and proximal leg. The entire extent of the cyst within the 
articular branch (white dashes) to the PTF joint extending to the CPN (yellow dashes) at the posterolateral fibular neck is seen, demonstrating the “u-sign” (A). The 
cyst extends into the proximal portion of the superficial peroneal nerve (pink dashes) for a length of approximately 5 cm (B). Denervation hyperintensity of the muscles 
(stars) of anterior and peroneal compartments of the leg is also seen. T: Tibia; F: Fibula; PTF: Proximal tibiofibular; CPN: Common peroneal nerve.
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along the descending and ascending limb of articular 
branch of CPN can be seen in all the three orthogonal 
planes[20,24,29,38,39]. As described by Spinner et al[24,29,30] 
in 2008, on serial axial sections, the joint connection is 
interpreted as the “tail sign” (Figures 1-5 and 14) and 
the extension of the cyst in the ascending limb of the 
articular branch as the “transverse limb sign” (Figures 1, 
2 and 14). An eccentric cyst within the outer epineurium 
of the CPN is interpreted as the “signet ring sign” (Figures 
3-5 and 14). In all our seven CPN lesions, we found that 

they had evidence of joint connection; presence of cysts 
along the articular branch; variable proximal ascent of 
the intra-neural cyst along the CPN and distal descent 
along its branches. On coronal images this extension of 
the cyst along the descending and ascending portions of 
the articular branch is interpreted as “u-sign” (Figures 1, 
2 and 11). 

In the lower extremity, less commonly, they can involve 
the lumbosacral plexus, sciatic, obturator and tibial 
nerves[9,12,28,44]. The sciatic nerve can be involved in its 

A B

Figure 12  The intraoperative images of one of these patients. A: Surgical exposure and decompression of the CPN in a 9-year-old girl presenting with foot 
drop. The intraoperative picture shows a thickened CPN (thick block arrow); the sural communicating branch of the CPN (thick hollow arrow); the articular branch of 
the CPN (thin block arrow) and the arthrotomy of the PTF joint and a mucinous cyst within it (thin hollow arrow); B: Close up of the CPN, being decompressed with 
multiple stab incisions with mucin (hollow arrow) within the substance of the nerve. The superficial peroneal branch of the nerve (block arrow) appeared unaffected 
which correlated clinically. PTF: Proximal tibiofibular; CPN: Common peroneal nerve.

A B C

D E F

F

T

F

T

F

T

F

T

F

T

T

Figure 13  Images A-F show serial, T2-weighted fat suppressed axial sections of the proximal leg and demonstrate a large multilobulated globular extra-
neural ganglion cyst (block arrows). The ENGC is antero-lateral to the proximal fibula and indenting the peroneus longus muscle anteriorly (A-C). The CPN (open 
arrows) lies posterior to the cyst but is seen separate from it. The tail of the cyst (arrows in D-F) extends superiorly and communicates with the superior aspect of the 
PTF joint. PTF: Proximal tibiofibular; CPN: Common peroneal nerve; ENGC: Extraneural ganglion cyst; T: Tibia; F: Fibula.
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proximal or distal portion. We have seen in our case, 
the presence of intra-neural sciatic ganglion cyst at the 
sacral notch, with characteristic tubular connection to the 
posteromedial hip joint on MR. There were no obvious 
degenerative changes in the joint, labral tears or other 

structural problems on both the conventional MR and 
radiographs in the case reported herein. However, intra-
articular contrast was not given and hence, the common 
underlying pathology of labral tear or capsular rent with 
intra-neural extension from a paralabral or para-articular 
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Figure 14  Axial, T2-weighted fat suppressed images A-H of the proximal leg show the left clock face model to differentiate intraneural ganglion cyst from 
extraneural ganglion cyst. A-C represent INGC where images A, B (at the upper-mid fibular head level) depict the joint connection of the cyst at the 10 o’clock (white 
arrows) which signifies the “tail sign”. The cyst (red arrows) within the outer epineurium of the CPN (yellow arrow), between the 4 and 5 o’clock position represents the 
“signet ring sign”. Image C, (at the level of fibular neck) shows the extension of the cyst along the ascending limb of the articular branch (dotted white line) depicting 
the “transverse limb sign”. It crosses the anterior surface of fibula from the PTF joint and progresses clockwise from 12-3 o’clock position around the fibular head. On 
the other hand, images D-H, depicting ENGC show a more superiorly located joint connection (white arrow) in between 12-2 o’clock position in images D, E. It lies 
anterolateral to the fibula (dotted white line) and never crosses it as seen in images F, G. The cyst (star) is more globular and lying in the intermuscular plane as seen 
in the image H. INGC: Intraneural ganglion cyst; CPN: Common peroneal nerve; ENGC: Extraneural ganglion cyst; T: Tibia; F: Fibula.
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Figure 15  Serial, coronal (images A-C), and axial (images D-E), proton density fat suppressed sections show a well-defined oval cystic lesion at the 
posterolateral aspect of upper fibula along the expected course of common peroneal nerve which does not communicate within the proximal tibiofibular 
joint. Mild denervation edema is seen in the anterior compartment muscles (star). This is a case of cystic schwannoma involving the CPN. T: Tibia; F: Fibula; Fe: 
Femur; CPN: Common peroneal nerve.
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A B

C D

Figure 16  Proton density fat suppressed, serial axial (A, B), coronal (C) and T1-weighted, axial (D) show a well-defined lobulated slightly elongated cystic 
lesion (black stars) at the spinoglenoid notch compressing upon the suprascapular nerve (white arrow), which is seen separately from the cyst with 
preserved fat plane. There is a tail like communication (yellow arrow) of the cyst with the posterior labrum. This suggests labral tear with paralabral cyst formation. 
Denervation edema and mild volume loss in the infraspinatus muscle (white stars) is seen. 
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Figure 17  T2-weighted fat suppressed, serial sagittal (A, B); T1-weighted, sagittal (C); T2-weighted fat suppressed, axial (D) and proton density-weighted, 
axial (E) show an elongated tubular cystic lesion (stars) along the posterior tibial nerve at the lower leg, ankle and foot. The lesion is seen within the 
substance of the nerve and has a central cystic component (stars) and a peripheral thin wall consistent with an abscess (D, E). This is a case of Hansen’s disease 
with posterior tibial nerve abscess; Ta: Talus; Ti: Tibia.
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cyst cannot be completely excluded. In Spinner’s  
series of INGC around the hip and pelvic region[44], four 
out of five cases showed a cyst at the sciatic notch 
with an articular communication with the ipsilateral hip 
joint and further extension of the same into the sciatic 
nerve. Likewise, the obturator INGC also has a known 
joint connection with the anteromedial hip joint[44,45] as 
seen in our case. The propagation of the cyst along the 
articular branch and further dissection of the cyst along 
the parent nerve and its anterior and posterior branches 
has been described[45] and is demonstrated in the current 
case. Variable atrophy and denervation hyperintensity of 
ipsilateral adductor brevis and magnus muscles was also 
seen in our case.

Various case reports have described the involvement 
of tibial nerve in the popliteal fossa by the INGC[7,12,36,40,46,47]. 
These tibial INGCs are the posterior counterpart of the 
peroneal INGCs and demonstrate an intraneural cyst 
and its connection to the adjacent joint via the articular 
branch to the PTF joint[40,47,48]. In one of our cases there 
was evidence of dual communication of the tibial intra
neural cyst to both the knee and PTF joint through its 
corresponding articular branches (Figures 3-5) and 
further extension of cyst into the popliteus and tibialis 
posterior nerve branches (Figures 3-5). Denervation 
edema was noted in both popliteus and tibialis posterior 
muscles (Figures 3-5).

In the upper extremity, less commonly, they can 
involve the suprascapular, ulnar or median nerves[8,49]. 
INGC is a common cause of suprascapular nerve im
pingement at the suprascapular and more commonly at 
the spino-glenoid notch originating from gleno-humeral 
joint and often associated with tears of the glenoid 
labrum[50,51]. It may also arise from the acromioclavicular 
(AC) joint as articular branch of the suprascapular nerve 
innervate the AC joint[52]. They track along the articular 
branch into the parent nerve and can be associated with 
a labral tear or capsular rent[53]. However, in one of our 
cases, the joint connection could not be demonstrated. 
In the other case there was an AC joint connection 
(Figure 6). In contrast to this extra neural paralabral cyst 
where the nerve is seen separately from the cyst with a 
preserved fat plane in between, an INGC affecting the 
suprascapular nerve evolves within the epineurium of the 
nerve as seen in other peripheral nerve INGCs[53-55].

In our series of 245 cases of peripheral nerve 
palsy for which imaging was done, 45 cases of cystic 
lesions were identified. Of these 45 cystic lesions, more 
than a fourth (13 cases), were diagnosed to be INGC 
retrospectively. Although the exact incidence of INGC is 
not known, in our series it was the commonest cause for 
the cystic nerve lesions. The fact that these lesions are 
reported as rare[7-11] may be incorrect since they are often 
underdiagnosed as shown in our series. The primary 
radiological diagnosis of INGC in our series was correct in 
only 60% of the cases, i.e., the last 7 cases in this series. 
Lack of knowledge of this pathological entity and absence 
of this entity in standard radiological textbooks were 

probable reasons for its under-diagnosis among the early 
cases in this series. INGC as an entity was little known 
before the 90s even in western literature, being reported 
as rare case reports or case series prior to that[14,56,57]. 
The others cystic lesions in this series varied from cystic 
schwannoma, extra-neural ganglion cysts, paralabral 
cysts and nerve abscesses. All of these cystic lesions 
were correctly diagnosed primarily except two ENGCs 
which were mistaken as cystic schwannoma. 

This article endeavors to describe different INGCs 
at varying anatomical locations, to emphasize the fact 
that it is the single largest cause of surgically treatable 
mono-neuropathy due to a cystic nerve lesion. These 
lesions have a classic configuration, anatomical location 
within the nerve and extensions along its branches. 
Most have defined communications to the nearby joint 
and the innervated muscles show signs of denervation. 
Identification of the articular branch and disconnecting 
it is important to prevent recurrence. The youngest 
patient in this series had surgery, 7 mo after the onset of 
nerve palsy due to the late presentation at the hospital. 
The cysts were decompressed and the articular branch 
disconnected during the surgery. The innervated muscles 
showed MRC grade 4 recovery about one year after 
surgery, in spite of the late intervention.

In conclusion, over the past years, INGC has been 
increasingly recognized as a radio-pathologic entity. It 
is a cause of peripheral neuropathy that can be treated 
by surgery, but is often under-diagnosed. This research 
looked at a historic cohort of patients that were imaged 
for mono-neuropathy and within that the subsets of 
patients with cystic lesions were looked at, in greater 
detail. We were certainly missing the diagnosis of the 
INGC until recently. The surgical treatment of a cystic 
schwannoma is enucleation as opposed to the INGC 
where the nerve is decompressed and the articular 
branch is excised. This study re-emphasizes that any 
elongated cystic lesion along the course of a peripheral 
nerve and in the vicinity of a joint should be considered 
as an INGC unless proved otherwise. This will ensure 
that both the radiologist and the surgeon would diligently 
search for the articular (branch) connection and hence 
prevent a misdiagnosis and a possible recurrence. 

COMMENTS
Background
Intraneural ganglion cysts (INGCs) of peripheral nerves occur within the 
epineurium and related to the adjoining joint were thought of as a relatively 
uncommon entity. They are generally formed when the joint fluid tracks into 
the epineural sheath of the articular branch of the nerve and further along the 
path of least resistance. They commonly present with sensory-motor symptoms 
along the distribution of the involved nerve. If these are identified and treated 
early, symptoms are reversible. The articular branch disconnection of the cyst 
will avoid the recurrence of the cyst. In this study, they evaluated 13 such cases 
involving the different peripheral nerves. 

Research frontiers
Magnetic resonance imaging (MRI) is the most important modality to diagnose 
this condition. It also allows differentiating it from other intra or juxtra-neural 
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lesions like neurogenic tumors and the extra-neural ganglion cyst. Though it has 
been described as a rare disease in literature, the results of this study showed 
that it is the single largest cause of surgically treatable mono-neuropathy 
caused by a cystic nerve lesion.

Innovations and breakthroughs
In this study, the classic MRI pattern of the INGC was a useful tool in diagnosing 
this condition and to differentiate it from other intra or extraneural cystic lesions. 
These results agree with prior literature. However, in this study, 40% of cases 
representing the initial cases in this series were misdiagnosed preoperatively 
and were mistaken for neurogenic tumor. This emphasizes the diagnostic 
knowledge of this condition. An early diagnosis and surgical intervention will 
improve patient outcomes.

Applications
In the order of differential diagnosis of cystic nerve lesions arising in the vicinity 
of a joint, the INGC comes first. This research re-emphasizes that the knowledge 
of the classic MRI pattern is paramount in diagnosing the INGC. An early surgical 
intervention will cause significant reversal of neurologic symptoms.

Terminology
INGC: Intraneural ganglion cyst, cyst occurring within the epineurium of nerve; 
ENGC: Extraneural ganglion cyst, cyst adjacent to nerve but outside the 
epineural sheath; CPN: Common peroneal nerve, a nerve in the lower leg that 
provides sensation and motor function to parts of the lower leg.

Peer-review
This review article has well described the use and dose optimisation of 
computed tomography in patients with cystic nerve lesions, it is well-organized 
and useful for clinical practice, especially for the western radiology society.
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Abstract
AIM
To assess the safety and efficacy of transarterial 
chemoembolization (TACE) of hepatocellular carcinoma 
(HCC) using a new generation of 40 µm drug eluting 
beads in patients not eligible for curative treatment. 

METHODS
Drug eluting bead TACE (DEB-TACE) using a new generation 
of microspheres (embozene tandem, 40 µm) preloaded 
with 100 mg of doxorubicin was performed on 48 
early or intermediate HCC patients with compensated 
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cirrhosis. Response to therapy was assessed with Re
sponse Evaluation Criteria in Solid Tumors (RECIST) 
and modified RECIST (mRECIST) guidelines applied to 
computed tomography or magnetic resonance imaging. 
Eleven out of the 48 treated patients treated progressed 
on to receive liver orthotopic transplantation (OLT). This 
allowed for histological analysis on the treated explanted 
nodules.

RESULTS
DEB-TACE with 40 µm showed a good safety profile 
without major complications or 30-d mortality. The objec
tive response rate of treated tumors was 72.6% and 
26.7% according to mRECIST and RECIST respectively. 
Histological examination in 11 patients assigned to OLT 
showed a necrosis degree > 90% in 78.6% of cases. 
The overall time to progression was 13 mo (11-21).

CONCLUSION
DEB-TACE with 40 µm particles is an effective treatment 
for the treatment of HCC in early-intermediate patients 
(Barcelona Clinic Liver Cancer stage A/B) with a good 
safety profile and good results in term of objective response 
rate and necrosis. 

Key words: Embozene tandem; Drug eluting beads; 
Drug eluting bead transarterial chemoembolization; 
Transarterial chemoembolization; Hepatocellular 
carcinoma 

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This is the first study exploring the safety 
and efficacy of 40 µm drug eluting bead transarterial 
chemoembolization for the treatment of hepatocellular 
carcinoma (HCC) in a series of 48 patients not suit
able for ablation or surgical therapies. The use of 
microspheres smaller than 100 µm is not common 
practice in the western countries due to skepticism and 
fear of non-target embolization. Our aim is to present 
our initial experiences when treating with smaller 
microspheres so we all can test the potential advantages 
inherent to them and evaluate the effectiveness in the 
treatment of HCC nodules. 

Greco G, Cascella T, Facciorusso A, Nani R, Lanocita R, Morosi 
C, Vaiani M, Calareso G, Greco FG, Ragnanese A, Bongini 
MA, Marchianò AV, Mazzaferro V, Spreafico C. Transarterial 
chemoembolization using 40 µm drug eluting beads for 
hepatocellular carcinoma. World J Radiol 2017; 9(5): 245-252  
Available from: URL: http://www.wjgnet.com/1949-8470/full/v9/
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INTRODUCTION
Transarterial chemoembolization (TACE) is the current 
standard of care for hepatocellular carcinoma (HCC) 

in patients with multinodular disease, classified as 
intermediate stage (stage B) of the Barcelona Clinic Liver 
Cancer (BCLC) staging system[1]. Furthermore, in clinical 
practice, a number of patients with early stage (stage 
A) disease, not eligible for curative treatment (surgery, 
transplantation or ablation) are commonly treated with 
TACE[2,3]. 

Conventional TACE (c-TACE) has shown superiority 
over basic supportive care in unresectable HCC in two 
randomised studies published in the early 2000s[4,5] and 
in a meta-analysis published in 2003[6].

Recently developed drug eluting beads (DEB) have 
the ability to bind and carry up to double the doxorubicin 
dose[7,8] thus overcoming the common drawbacks of 
c-TACE such as the release of the chemotherapeutic agent 
into the systemic circulation. 

DEB-TACE superiority over c-TACE or TACE superiority 
over transarterial embolization has not been proven 
in recent studies[9,10] both in terms of survival and as 
objective response to treatment. These new micro
spheres have ensured a reduction in the systemic 
concentration of the loaded chemotherapeutic agent, 
with a lower rate of post-procedural toxicity compared 
to c-TACE[11-13]. The first available microspheres had a 
diameter ranging between 500 and 900 µm that has 
gradually reduced over the years to let DEB penetrate 
deeper into tumor circulation arterioles. This theory is 
supported by recently published controlled studies on 
smaller microspheres that show encouraging preliminary 
data on the radiological response in terms of extensive 
intratumoral necrosis[14,15]. 

Embozene tandem 40 µm (Boston Scientific, Minne­
apolis, MA, United States) are a new size of tightly 
calibrated spherical drug-eluting beads able to load up 
100 mg of doxuribicin in a 2 mL syringe, or 150 mg in 
a 3 mL syringe. These biocompatible, non-resorbable, 
hydrogel microspheres are coated with an inorganic 
perfluorinated polymer (Polyzene®-F). They show a small 
increase in size (< 5% of the original diameter) during 
drug loading and storage if compared with similar DEB on 
the market. Dc-Beads M1 (initial diameter 70-150 µm) 
show a dehydration and loss in size after loading drug; 
Hepashere (initial diameter 30-60 µm), instead, show 
an increase in size up to 4 times of the initial diameter, 
resulting in a final diameter between 120-240 µm after 
loading drug. Smaller microspheres theoretically allow for 
more distal vascular penetration and more homogeneous 
intratumoral drug distribution, with no meaningful 
evidence of better results in terms of objective response 
if compared to 100-300 µm particles[16].

The aim of this study was to assess the efficacy 
and safety of 40 µm DEB-TACE in a series of 48 early-
intermediate HCC patients complying with eligibility criteria. 
Primary endpoint was the evaluation of adverse events and 
complications related to TACE as well as the tumor response 
rate, considered as best achieved response. Secondary 
outcomes were the time to progressions (TTP) and time to 
response (TTR).
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MATERIALS AND METHODS
Study population
Data from 48 early-intermediate HCC patients (BCLC 
stage A/B) referred to our two tertiary centers between 
May 2013 and May 2015 and treated with DEB-TACE 
using 40 µm microspheres were retrospectively analysed 
(Table 1). All patients signed a dedicated informed 
consent form. A multidisciplinary team made up of 
interventional radiologists, oncologists, hepatologists, 
pathologists and hepatic surgeons selected candidates 
for the treatment.

All patients were asymptomatic at enrolment (per
formance status 0) with cirrhotic disease related to 
hepatitis C in 56.2% of cases (27/48). Fifty-six point 
two percent of patients were in BCLC B stage, while 
43.8% were in early stage A. All patients presented with 
a preserved liver function (93.4% Child-Pugh A and 
6.6% Child-Pugh B7). Other comorbidities were reported 
in approximately half of the study population (notably 
Diabetes, Arterial Hypertension and Chronic Obstructive 
Pulmonary Disease). No tumors receiving DEB-TACE had 
been previously treated. The mean number of tumors 
was 2 (range 1-4) with 30 mm (range 10-96) maximum 
mean diameter, and the mean sum of all maximum 
diameters came up to 44 mm (range 13-130).

Patient eligibility was established with the following 
inclusion criteria: Age > 18 years; HCC diagnosis according 
to the current guidelines[1-3]: Early/intermediate patients 
not eligible for percutaneous or surgical ablative therapies; 
well compensated cirrhosis with Child-Pugh Score up 
to B7; performance status 0 according to the Eastern 
Cooperative Oncology Group.

Exclusion criteria included bilirubin > 2 mg/dL; principal 
(main trunk) or segmental portal thrombosis; previous 
treatments on target tumors (ablation, TACE, Sorafenib); 
intolerance to doxorubicin (leukocyte count < 3000/
mm3; cardiac ejection fraction < 50%); aspartate amino 
transferase and alanine amino transferase levels > 270 
IU/mL, and patients receiving angiogenesis agents or 
affected by uncorrectable coagulation disorders.

Imaging study protocols
To assess the disease extent in the liver, its vascular 

pattern and possible intrahepatic vascular invasions, 
all patients received pre-treatment abdominal imaging 
with computed tomography (CT) 128 slices (Somaton 
Definition Flash, Siemens Healthcare, Erlangen, Germany) 
or with magnetic resonance imaging (MRI) 1.5 T (Achieva, 
Philips Healthcare, Best, the Netherlands). In addition to 
that, they received a CT scan of the chest for a complete 
staging of the extrahepatic disease.

CT image acquisition technique, before and after 
treatment, required both a baseline abdominal scan 
and the arterial, portal and late venous phase study 
after intravenous administration of a 120-140 mL bolus 
of iodinated contrast medium (Iopamiro 370 mg/dL, 
Bracco, Milan, Italy) at an injection flow of 4 mL/s with 
the Bolus Tracking technique.

The protocol for abdominal MRI required the acquisition 
of in-phase and out-of-phase T1 weighted sequences, T2 
weighted Half-Fourier acquisition Single-shot Turbo-spin 
Echo (HASTE) and Fat-Saturated (FAT-SAT) sequences, 
diffusion study and Tissue High Resolution Isotropic Voxel 
Excitation sequences [T1 weighted FAT-SAT and 3D GRE 
(3D GradientEcho)] both before and after infusion of 
Gadolinium-EthOxyBenzyl-Diethylene Triamine Pentaacetic 
Acid (Gd-EOB-DTPA) 0.025 mmol/mL (Primovist, Bayer, 
Leverkusen, Germany) with acquisitions up to 20 min 
during the hepatospecific phase.

DEB-TACE 
TACE was performed using transfemoral arterial access 
route with a micro-puncture system by placing a 5F 
vascular introducer (Boston Scientific, Natick, MA, United 
States). The angiographic study of the superior mesenteric 
artery and the celiac trunk for the characterisation of 
hepatic vascular anatomy was performed using an 
angiography unit (Axiom Angiographic Unit, Siemens 
Healthcare, Erlanger, Germany), and a 5F catheter 
(Cobra or Simmons, Boston Scientific, Natick, MA, 
United States). The angiographic study of extrahepatic 
pathological branches in some HCC tumors (usually 
peripheral tumors) was based on a careful study of pre-
TACE imaging or on missing parts of the pathological 
tumor vascularization at the selective angiographic study.

Selective studies of segmental and pathological 
feeding vessels were also performed using a coaxial 

A B

Figure 1  Patient with evidence of a ca. 32 mm tumor with arterial blood flow typical of hepatocellular carcinoma (wash-in phase at the centre of the image) 
in segment 3 treated with a  single cycle of transarterial chemoembolization. A: Corresponding histological image of the tumor after transplantation: Particles 
can be seen inside the afferent arterioles of the tumor, documenting 100% necrosis; B: The follow-up CT scan after TACE observed complete response according to 
mRECIST. TACE: Transarterial chemoembolization; mRECIST: Modified Response Evaluation Criteria in Solid Tumors; CT: Computed tomography.
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micro catheter (Progreat 2.7F, Terumo, Tokyo, Japan), 
with a highly selective administration of the treatment. 

In cases presenting multifocal disease, the treatment 
never targeted more than three hepatic segments 
per session. DEB-TACE was performed using a 2 mL/100 
mg of doxorubicin (Adriblastina, Pfizer, New York, NY, 
United States) loaded dose on embozene tandem 40 µm 
microspheres. 

In all performed DEB-TACE treatments embozene 
tandem 40 µm microspheres were diluted in 20-30 mL 
of iodinated contrast medium (Iopamiro 370 mg/dL), 
slowly injected manually with a 3 mL syringe, applying 
gentle pressure, until blood flow stasis was induced[17].

Vasodilator drugs via transcatheter intra-arterial were 
not administered before starting chemoembolization 
with a view to expand to the maximum the neoplastic 
vascular network and theoretically increase the pene
tration of the particles and, accordingly, the potential 
effectiveness of the treatment as reported by some 
authors[18]. Permanent or temporary embolizing materials 
were not used to complete DEB-TACE in some tumors of 
greater dimensions where vascular stasis with only 40 
µm drug eluting beads was not achieved. In such cases, 
a second treatment session has been scheduled after 
performing a CT/MRI investigation to assess that some 
conditions leading to the impossibility of repeating the 
treatment, such as the onset of ascites or portal vein 
thrombosis, had not occurred.

Access haemostasis was achieved by a mechanical 
system, as Exoseal (Cordis, Miami Lakes, FL, United 
States), and a subsequent manual compression for about 
3-5 min until haemostasis was achieved.

Premedication included 100 mg of paracetamol 
(Paracetamolo 10 mg/mL S.A.L.F., Bergamo, Italy), 8 
mg of ondansetron (Ondansetron 8 mg/4 mL Hikma, 
Fervença, Portugal) and 50 mg of ranitidine (Ranitidina 
50 mg/5 mL, S.A.L.F., Bergamo, Italy). Intravenous 
antibiotic prophylaxis was administered with 2 g of 
cefazolin (Cefamizin, Pfizer, New York, NY, United States) 
consistent with the hospital internal guidelines.

Hospitalization, adverse events and toxicity
Patients were discharged after a brief observation 
period (48-72 h). Clinical evaluation and assessment 
of treatment-related toxicity were performed on an 
outpatient basis with physician’s visits and laboratory 
tests 12, 24 and 48 h after TACE, 4 wk later and every 
3 mo thereafter. AE were defined as treatment related 
if occurred during hospital stay or within 30 d from 
treatment. Safety parameters were classified according 
to the Common Terminology Criteria for Adverse Events 
4.0[19] at each follow-up visit. 

Imaging evaluation and follow-up
Two radiologists (Dr. Carlo Spreafico and Dr. Giorgio 
Greco) both experienced in interventional radiology and 
interventional hepatic imaging performed all radiological 
assessments independently. 

Tumoral response to treatment was assessed according 

to RECIST and mRECIST with a CT scan or MRI investi­
gation performed 4 wk after DEB-TACE and, then, every 
3 mo during the follow-up period[20].

A second treatment session, according to the “on 
demand” policy, was scheduled in case of partial response 
(PR) or stable disease (SD) after performing blood che­
mistry tests documenting good preserved hepatic function 
and continuity in the eligibility criteria for treatment. 

In case of repeated DEB-TACE sessions, only the 
best response was considered for analytical purposes 
since this has been recently proved a better predictor of 
survival than the initial response[21]. In patients submitted 
to OLT, the treated tumors were histologically analysed 
during the months after treatment with targeted definition 
of necrosis induced by TACE.

Statistical analysis 
The descriptive statistical analysis was expressed as 
median and range in the case of continuous variables 
and absolute numbers and percentage in the case of 
categorical ones. Time to best response and TTP were 
calculated with the Kaplan-Meyer method, computed 
from the time of the first treatment and censored to 
the day of transplantation in transplant patients. All 
calculations were obtained with the SPSS software (IBM, 
Armonk, NY, United States). The statistical review of the 
study was performed by a biomedical statistician.

RESULTS
DEB-TACE and radiological tumor response 
All procedures were performed without technical 
impediments that would prevent treatment of the 
target tumor. The two study sites performed an overall 
number of 73 TACE (47 segmental, 22 bisegmental and 
4 trisegmental) on a total number of 128 tumors. 31 
patients (64.7%) underwent one treatment cycle, 10 
patients (20.8%) to 2 treatment cycles, 6 patients (12.5%) 
to 3 treatment cycles, and 1 patient to 4 treatment cycles 
(2%), with a mean number of treatments per patient of 
1.45.

Response to treatment was assessed by classifying the 
tumors into three classes according to dimensional criteria, 
as specified in Table 2 (according to mRECIST) and Table 
3 (according to RECIST). The objective response rate (CR 
+ PR) was 26.8% and 69% for tumors smaller than 3 cm, 
32.1% and 85.7% for tumors with diameters between 3 
and 5 cm, 10% and 70% for tumors with diameter over 5 
cm according to RECIST and mRECIST, respectively. 

Considering all the treated tumors, the overall objective 
response rate (CR + PR) was 26.7% according to 
RECIST and 72.6% according to mRECIST. These data 
include all the 48 patients of our series. These results 
were calculated with RECIST and mRECIST criteria, 
based on the last available CT scan/MRI, with an overall 
mean follow-up period of 357 d (range 30-810). 

Hystological tumor response in transplanted patients
Eleven patients qualified for OLT after 15 overall cycles 
of DEB-TACE, with a mean number of treatments per 
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patient of 1.36. Seven out of 11 patients received 1 
treatment, with remaining 4 receiving 2 treatments. 
Median time elapsed between TACE and OLT was 4.8 mo 
(95%CI: 2.3-6.5). The histological examination (Table 
4) performed on 11 explanted livers reported a total 
number of 14 tumors of HCC, 10 of which were ≤ 3 cm 
and 4 were between 3 and 5 cm. 

Among the tumors smaller than 3 cm, 7 presented 
100% necrosis and 3 presented a necrosis rate below 
50%. Two out of 4 tumors > 3 cm presented a 100% 
necrosis rate (Figure 1), while the other 2 were above 
90%.

DEB-TACE: Adverse events and toxicity
Toxicity data are reported in Table 5. All the observed 
AE were mild and transient, with no grade 3/4 toxicity 
reported. There were no cases of post procedure mortality 
within 30 d. 

No major AE were recorded, neither systemically 
(pulmonary embolism, splenic infarction, gastrointestinal 
mucosal tumors, acute pancreatitis or cholecystitis, 

spinal cord injury) related to non-target embolization 
nor locally (hepatic infection or abscesses, ischemic 
hepatitis and bile duct injuries) due to local toxicity or 
ischemia[22]. Median hospital stay was 2 d (range 2-4). 
Post-embolization syndrome (PES) occurred in 15% of 
treatments (11/73). Other common AE were abdominal 
pain (24.6%) and nausea/vomiting (12.3%), which were 
treated with analgesic drugs and anti-emetics, and mild 
ascites (4.1%). Transient post procedure increase in 
transaminase levels occurred in 13.7% of cases (10/73). 
Other 1/2 grade laboratory tests alterations included a 
transient increase in bilirubin levels (6.8%). 

TTR, TTP and progression free survival 
The TTR for all patients was of 4 mo (95%CI: Range 1-4). 
Overall 24 patients (50%) experienced tumor progression 
through the study period. One-year progression free 
survival (PFS) was 64.5% whereas 2-year PFS was 52%. 
Median TTP was 13 mo (95%CI: Range: 11-21), calculated 
on mRECIST, as described in Figure 2.

DISCUSSION
DEB-TACE is the standard of care for HCC intermediate 
stage patients and a valuable therapeutic option in 

Age (yr)    67 (49-95)
Sex
   Male  42 (87.5)
   Female    6 (13.5)
Aetiology
   HCV  27 (56.2)
   HBV      9 (18.75)
   Alcohol    6 (12.5)
   Cryptogenetic      3 (6.25)
   NASH    3 (6.25)
Child-Pugh
   A  45 (93.4)
   B  3 (6.6)
MELD    8 (6-14)
BCLC
   A  21 (43.8)
   B  27 (56.2)
ECOG 0 48 (100)
Portal hypertension
   Yes   22 (45.9)
   No   26 (54.1)
Tumour extension
   Unilobar  29 (60.4)
   Bilobar  19 (39.6)
No. of tumors (target)
   Total  128
   Median  2 (1-4)
   Max. diameter (mm)    30 (10-96)
   Sum of diameters (mm)      44 (13-130)
TACE
   Total cycles 73
   Segmental 47 (64.4)
   Bisegmental 22 (30.1)
   Trisegmental 4  (5.5)

Table 1  Demographic characteristics and tumoral parameters 
of the study population,  n  (%)

TACE: Transarterial chemoembolization; HBV; Hepatitis B virus; HCV: 
Hepatitis C virus; NASH: Nonalcoholic steatohepatitis; MELD: Model 
for end-stage liver disease; BCLC: Barcelona Clinic Liver Cancer; ECOG: 
Eastern Cooperative Oncology Group.

Ø nodules No. of nodules CR PR SD PD

Ø < 3 cm   77 47.4% 21.6% 27.8% 3.2%
3 ≤ Ø ≤ 5 cm   22 42.8% 42.8% 10.8% 3.6%
Ø > 5 cm     3    40%    30%    30%    0%
Overall response 102    46% 26.6% 24.4%    3%

Table 2  Target lesions: Modified Response Evaluation Criteria 
in Solid Tumors response rate

CR: Complete response; PR: Partial response; SD: Stable disease; PD: 
Progressive disease.

Ø nodules No. of nodules CR PR SD PD

Ø < 3 cm   77 6.2% 20.6%    66% 7.2%
3 ≤ Ø ≤ 5 cm   22 3.5% 28.6% 64.4% 3.5%
Ø > 5 cm     3    0%    10%    90%    0%
Overall response 102 5.2% 21.5% 67.4% 5.9%

Table 3  Target lesions: Response Evaluation Criteria in Solid 
Tumors response rate

CR: Complete response; PR: Partial response; SD: Stable disease; PD: 
Progressive disease.

Ø nodules Degree of necrosis

100% > 90% < 50%

Ø < 3 cm 7 - 3
3 ≤ Ø ≤ 5 cm 2 2 -
Overall necrosis 9 (64.3%) 2 (14.3%) 3 (21.4%)

Table 4  Histological response rate of treated nodules in 
patients submitted to orthotopic transplantation

Giorgio G et al . 40 µm DEB-TACE for hepatocellular carcinoma



250 May 28, 2017|Volume 9|Issue 5|WJR|www.wjgnet.com

BCLC A stage when curative approach is unfeasible[1,23]. 
Several consecutive sessions are usually needed for DEB-
TACE to be effective, i.e., the complete tumor response, 
so that the optimal treatment should lead to higher 
tumor necrosis rate with the lowest incidence of adverse 
event. DEB-TACE showed a low incidence of PES[13] 
and systemic toxicity than in previous reports[8], but its 
superiority over c-TACE is still a matter of debate[10,24-26].

Since the diameter of chemo loaded microspheres 
seems to be related to their therapeutic action[17,18], 
studies on pharmacological kinetics have focused on 
producing smaller particles that could penetrate deeper into 
the tumor’s vascular network. The most distal penetration 
of these microspheres reduces the phenomenon of 
hypoxic-ischaemic neoangiogenesis[27,28]. However, 
for embolization not associated with any drug (bland 
embolization), the use of particles with a diameter < 
100 µm presented a concerning rate of complications, 
especially in the treatment of large tumors[29,30]. Some 
complications in this type of procedures are related to the 
“non-target embolization” that is, the unwanted escape 
of microspheres outside the optimal area for treatment, 
which can affect other organs or unwanted areas of 
the same organ. Acute pancreatitis (0.88%-15.2%), 
acute cholecystitis (0.2%-5.4%), pulmonary embolism 
(0.17%-2.7%), splenic infarction (0.08%-1.4%), gastro
intestinal mucosal tumors (0.22%-0.7%), spinal cord 
injury (0.3%-1.2%) are among the possible extrahepatic 
complications[31]. Unwanted hepatic complications such 
as ischemic hepatitis (0.26%-15.4%), liver infarction 
or abscess (0.5%-2.7%) or bile duct injuries[31] are 
connected to local ischemic damages. Some recent studies 
have proven a very high degree of safety in the use of 
loadable particles with diameters below 100 µm, with 
good preliminary efficacy results in terms of radiological 
and histological response to treatment[14,15,18].

A new generation of microspheres (embozene tandem 
40 µm) has been recently marketed for selective intra-
arterial treatment even though data on the efficacy and 
safety profile of the product is yet to be published. To 
our knowledge, this is the first report on the safety and 
efficacy of 40 µm particles preloaded with doxorubicin 
in the treatment of HCC with DEB-TACE. The overall 
objective response rate (CR + PR) obtained has been 
of 26.7% to RECIST and 72.6% to mRECIST. This is 
comparable to the rates according to mRECIST of two 
recent series carried out with 70-150 µm[14,15] and 30-60 

µm[18] (initial diameters) particles loaded with doxorubicin 
by Spreafico et al[14] and Malagari et al[18] respectively. 

Cases of failed response to locoregional therapy, 
defined as progressive disease, were around 5.9% and 
3% with RECIST and mRECIST, respectively. Median TTP 
was 13 mo (11-21), an interesting and slightly better 
result if compared with previous published trials using 
other microspheres. Moreover, it is to be considered 
that we did not restrict progression analysis only to 
local progression of target tumors, but also distant 
intrahepatic progressions and/or metastases occurrence 
were investigated. 

In 11 patients out of the recruited 48, DEB-TACE 
was used as bridging therapy for OLT with a complete 
pathologic response (meant as a 100% necrosis in the 
histological evaluation) in 64.3% cases (9/14 tumors). 
Tumors smaller than 3 cm shown a better response in 
term of histological necrosis (70% complete necrosis), 
compared to those larger than 3 cm (50% complete 
necrosis). These histological results are consistent with 
those reported elsewhere[32,33].

The best radiological response was obtained with 
a single cycle in 60% of patients, with two cycles in 
30% of cases and with three cycles in 10% of patients, 
with a TTR of about 4 mo (95%CI: Range: 4-6). The 
effectiveness of HCC treatment using TACE on demand 
has been proved in our series in the event of detection 
of SD or PR during the follow-up by CT or MRI, in line 
with data in the literature. The very low toxicity rates 
observed in our series are probably a consequence of the 
high selectivity of the procedure ensured by the use of 
smaller particles.

The procedures were generally well tolerated. 
Recorded toxicity levels were lower than recent studies 
using larger diameter microspheres and consistent with 
two other studies concerning microspheres with a pre-
loading diameter between 70-150 µm[14,15] and 30-60 µm[18].

The incidence of PES was to be lower than the per­
centages published in other series[11,12,14,18] with particles 
having similar or larger dimensions, most likely due to the 
selectivity of the procedure and possible sparing of a larger 
area of peritumoral hepatic parenchyma.

To our knowledge this is the first series regarding the 
use of 40 µm DEB in HCC treatment. This is interesting 

Toxicity Grade 1/2 Grade 3/4

Clinical findings
   Post embolization syndrome 11/73 (15%) -
   Ascites    3/73 (4.1%) -
   Abdominal pain    18/73 (24.6%) -
   Nausea/vomiting      9/73 (12.3%) -
Laboratory tests
   Bilirubin    5/73 (6.8%) -
   Transaminase    10/73 (13.7%) -

Table 5  Adverse events
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for world community and especially for western countries 
where there is skepticism about using particles smaller 
than 100 µm for DEB-TACE due to the non-target 
embolization danger. Our preliminary experience 
shows that 40 µm DEB-TACE is a highly effective and 
safe technique for HCC non suitable to ablation or 
surgery therapies with a low rate of PES and no major 
complications, either local or systemic. The results are 
complete for all the 48 patients and for 11 of them a 
histologically proven response to DEB-TACE on surgical 
specimen is available. Objective local response reached 
72.6% and 26.7% according to mRECIST and RECIST 
without damage to adjacent healthy liver as evidenced 
by imaging, histology and liver biochemistry. The study 
has some limitations such as the retrospective nature, 
the single series and the small sample of patients. 
Further studies with a longer follow-up period and a 
bigger sample should be planned to confirm our results. 

The results of this retrospective study indicate that 
DEB-TACE with 40 μm particles is an effective and safe 
treatment for early-intermediate HCC patients not 
eligible for curative treatment with good results in term 
of objective response rate and necrosis. 

COMMENTS
Background
Transarterial chemoembolization (TACE) is the current standard of care for 
hepatocellular carcinoma (HCC) in patients with multinodular disease, classified 
as intermediate stage (stage B) to Barcelona Clinic Liver Cancer (BCLC) Staging 
System or in patients in early stage (stage A) not eligible for curative treatment 
(surgery, liver transplantation or percutaneous ablative treatments). Conventional 
TACE (c-TACE) has shown superiority over basic supportive care in unresectable 
HCC in literature since the early 2000s. Actually there is no evidence of superiority 
of drug eluting bead TACE (DEB-TACE) on c-TACE or transarterial embolization in 
literature. In the last fifteen years many particles with diameters gradually smaller 
have been developed for DEB-TACE. These new 40 µm diameter drug eluting 
beads theoretically penetrate deeper into tumor circulation arterioles reducing 
the phenomenon of hypoxic-ischaemic neoangiogenesis due to transarterial 
embolization. There is no evidence in literature of DEB-TACE superiority over 
c-TACE in terms of efficacy. The only demonstrated vantage is the reduced rate 
of post embolic syndrome. 

Research frontiers
The authors’ report on 40 µm DEB-TACE for HCC is the first experience in 
literarature. The weakness points are the small sample of patients and the 
retrospective design of the study but it can represent an interesting report 
for scientific community as first evaluation of safety and efficacy of this new 
generation of microparticles. Further studies with a larger number of patients 
will be needed to confirm data and confirm or deny the theoretical benefits of 
this new generation of micro-particles in the treatment of HCC.

Innovations and breakthroughs
The study confirms a degree of objective response to treatment, defined as 
complete or partial response according to Response Evaluation Criteria in Solid 
Tumors (RECIST) and modified RECIST applied to computed tomography 
and magnetic resonance imaging, consistent with that of previous studies in 
the literature with a slightly higher caliber particles (40-60 and 70-150 µm). 
The data is comforting when you consider the lack of intra or extrahepatic 
complications due to the phenomenon of non-target embolization, cause for 
concern in Western countries where the DEBTACE is widespread with larger 
gauge particles.

Applications
This study suggests that 40 µm DEBTACE is safe and effective in early-

intermediate HCC patients with compensated cirrhosis. 

Terminology
DEB-TACE: Drug eluting bead TACE; Nontarget embolization: Unwanted 
escape of particles outside the territory seat of treatment.

Peer-review
This paper presented about the efficacy of TACE using drug eluting beads for 
HCC patients. This topic could be interesting for readers.
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