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Abstract

Purpose: To investigate the efficacy and safety of radi-
opaque gelified ethanol (RGE) injection in patients with 
medium to large size intervertebral lumbar disc hernias 
including cases requiring alternative access routes.
Material and Methods: Between December 2014 and 
June 2018, twenty-five patients (14 males, 11 females, 
median age 52 years (min 21-max 90 years)), were treat-
ed for equal number of intervertebral disc hernias by 

means of RGE injection under computed tomography 
(CT)-guidance. All patients were free from neurologic 
deficits and reported low back pain resistant to con-
servative treatment for at least six weeks. Pre- and 
post- treatment pain was evaluated using a visual ana-
logue scale (VAS) score and the VAS difference pre- and 
post- (6 months) treatment was tested with Wilcoxon 
matched-pair signed-rank test. Patients were then cate-
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gorised into groups according to % change in VAS (poor 
(0%), good (1-99%), excellent (100%) pain response). The 
association of results with quality of life (QoL) (high vs. 
low) was assessed using the Fisher’s exact test.
Results: At the end of the 6-month follow up, pain was 
significantly improved (mean (SD) in VAS was dropped 
from 8.1 (1.26) to 3.1 (3.10); mean (95% CI) decrease 5.0 

(3.6, 6.4) (p<0.001)). Pain response to treatment was ex-
cellent in 8 (32%) patients, good in 11 (44%) and poor in 
6 (24%) and was significantly associated with the QoL 
(p<0.001). 
Conclusions: Percutaneous CT-guided intradiscal RGE 
injection is safe, easy to handle and offers good thera-
peutic outcome with better QoL.

Key words Disc herniation; Percutaneous treatment; Radiopaque gelified ethanol; Computed 
Tomography/guided treatment; MR imaging/diagnosis

Introduction
Intervertebral disc herniation (IDH) is a common cause of 
low back pain (LBP) and sciatica, often associated with low-
er limb weakness [1]. IDH represents an important public 
health problem since about 70% of general population will 
experience at least one episode throughout life [2-6]. Mul-
tiple therapies are available to treat herniated discs rang-
ing from conservative methods (medication and physio-
therapy) to minimal invasive treatment and surgery.

Regardless of the treatment method, a literature review 
shows that the pain level due to sciatica may not signifi-
cantly improve over a five-year period [3]. Reduction of in-
tradiscal pressure has been associated with reduced nerve 
root irritation and thus with symptom relief and improve-
ment of mobility and quality of life (QoL) [7]. Radiopaque 
gelified ethanol (RGE-“Discogel©”, Gelscom, France) is a 
chemo-nucleolytic agent, consisting of ethanol mixed with 
ethyl cellulose and tungsten. RGE acts by causing necrosis 
and dehydration of nucleus pulposus, thus resulting in re-
traction of the herniated disc [8]. 

There is not extensive evidence in the literature relat-
ed to the clinical outcome and safety of this procedure 
describing how to overcome difficulties regarding needle 
access to the disc [9, 10]. Our purpose is to report a single 
center experience, first discussing the efficacy and safety 
of this relatively new minimal invasive therapeutic meth-
od of percutaneous administration of RGE in patients with 
LBP of discogenic origin and secondly to present alterna-
tive puncture routes in specific circumstances. 

Material and Methods
Study population
Twenty-five patients with lumbosacral pain due to disc 

herniation, resistant to conservative treatment of at least 
six weeks, were prospectively selected for treatment with 
percutaneous intradiscal injection of RGE between Decem-
ber 2014 and June 2018. Table 1 presents population char-
acteristics. Median (IQR) population age was 52 (40.5, 65.5) 
years (min 21 - max 90 years), 14 (56%) patients were males 
and 11 (44%) were females. Disc herniation was found at 
L3-L4 level in 1 (4%), at L4-L5 level in 17 (68%) and at L5-S1 
level in 7 (28%) of the patients. 

Eligibility criteria 
Patient selection was performed with consensus of an ex-
perienced Interventional Radiologist who performed the 
procedure and a Musculoskeletal Radiologist who assessed 
the Magnetic Resonance Imaging (MRI) examinations. 

The inclusion criteria in this study were, according to 
MSU Classification, small to medium sized (n=20) herniat-
ed intervertebral disc (grade 1 and 2, respectively), con-
firmed by MRI, with limited routine activity for at least 6 
weeks, resistant to conservative treatment (bed rest, an-
algesics, anti-inflammatory drugs, muscle relaxants and 
physiotherapy) [11]. The MSU classification takes into 
account both the size of disc herniation and its location 
within the various constraints posed by the local anatomy. 
It employs a single intra-facet line as a reference point to 
measure the disc herniation at the level of maximum ex-
trusion, based on T2W MR images [11].  Five more patients 
underwent RGE injection, two (n=2) with a large extruded 
IDH (grade 3), one posterior and one postero-lateral, be-
cause they refused to undergo surgical resection and three 
patients (n=3) with disc degeneration-vacuum phaenome-
non due to poor therapeutical alternatives.

Exclusion criteria for RGE injection were active local or 
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systemic infections/discitis, sequestered disc fragment, 
severe lateral/foraminal or central spinal canal stenosis, 
spondylolisthesis, primary tumour or metastatic disease 
involving the level to be treated, pregnancy, haemorrhag-
ic diathesis and anticoagulation therapy. 

All patients met the criterion for absolute matching of 
the imaging with the clinical findings, established with 
consensus by the Interventional and Musculoskeletal Ra-
diologists involved in this study. Our study was conducted 
according to the principles of Helsinki’s Declaration and 
all patients signed an informed consent. The ethics com-
mittee of our hospital approved our study’s protocol. 

Procedure and Techniques
In all patients, recent plain films and MRI were obtained. 
Procedures were performed in aseptic conditions with 
appropriate preparation, including skin area disinfection 
with iodine solution.  Short-term broad spectrum intrave-
nous antibiotic prophylaxis including 2 g of amoxicillin/
clavulanic acid was administered one hour prior to injec-
tion. All procedures were performed under CT-guidance 
with local skin and soft tissue anaesthesia (subcutaneous 
1-2 ml lidocaine 2%) and patients in prone position with a 
pillow under their abdomen (n=24) and in supine position 
(n=1). Using postero-lateral approach (Fig. 1a) in 23 pa-

Table 1. Population characteristics

Age; median (IQR) 52 (40.5, 65.5)

Males; n (%), Females; n (%) 14 (56), 11 (44)

Level of hernias; n (%)  

L3-L4 1 (4)

L4-L5 17 (68)

L5-S1 7 (28)

Symptoms duration; median 
(IQR) months 3 (1.5, 12.0)

 IQR: interquartile range (25th, 75th)

Table 2. Interpretation of quality of life

Very good Patient can cope with most living 
activities.

Good 
Patient experience pain and difficulty 
with sitting, lifting and standing; may 
be disable from work; daily lifestyle is 
affected.

Bad Pain is the main problem; daily living 
activities are strongly affected.

Very bad Pain impinges on all aspects of pa-
tient's life.

Disabled  Patient is either bed-bound or exag-
gerating symptoms.

Fig. 1. 90-year-old patient with L5-S1 disc hernia causing central stenosis of the spinal canal and low back pain without any 
evidence of spinal instability or osteoporotic fracture. a. CT shows successful postero-lateral puncture of the degenerative disc. 
b. Following the RGE injection, CT shows the normal distribution of the radiopaque material (arrows).

a b
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Fig. 2. 44-year-male patient with a history of 3-month low back 
pain and right sciatica. Postero-lateral needle access was tech-
nically not possible. a. Para-sagittal T2-W MR-image shows a 
right postero-lateral extruded L5-S1 subligamentous grade 3 
disc herniation (arrows). b. Direct CT-guided posterior punc-
ture completely through the extruded hernia was successful. 
Thecal sac was completely laterally displaced by the herniated 
disc. c. Intradiscal RGE injection under CT-guidance is shown. 
The radiopaque material flows through the ruptured annu-
lus into the herniated nucleus pulposus (black arrows). Mi-
nor dissemination of RGE in the needle tract is noticed (white 
arrows), without further complications. d. The corresponding 
para-sagittal T2-W MR-image, 8 months after injection, shows 
significant reduction in the size of the herniated disc (arrows). 
In addition, lower signal intensity within the nucleus pulposus 
as compared to that before injection, is a sign of induced dehy-
dration which resulted in reduced herniation size.

a

b

c

d
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tients, posterior in 1 (Fig. 2b) and antero-lateral approach 
(Fig. 3) in 1 patient, an 18 G needle of 15 cm length was 
inserted aiming the center of the herniated disc. In cas-
es of antero-lateral or postero-lateral hernias, the needle 
entrance was always through the contralateral to the her-
niated disc side. After positioning the needle tip inside the 
nucleus pulposus, 0.9 ml of RGE was slowly injected (about 
0.1 ml every 5 seconds). After the injection, a CT scan fol-
lowed in all cases for access leakage or other potential 
complications. We treated a total of 25 discs. 

In one patient (44 years-old, male) with a large grade 3 
extruded L5-S1 disc herniation, postero-lateral access was 
not possible and the needle was advanced mid-dorsally 
through the hernia itself, since the thecal sac was laterally 
displaced (Fig. 2). In a second patient (41 years-old, male), 
L5-S1 disc puncture was not possible in the prone position 
and the needle was guided through a lateral, extraperito-
neal access route with the patient in supine position (Fig. 
3).  

Once the procedure was completed, patients were fol-
lowed for 4 hours on their bed and then they were dis-
charged after clinical examination. Non-steroid anti-in-
flammatory drugs and muscle relaxants were prescribed 
for 7-10 days. 

Assessment of pain and quality of life
Pain intensity and QoL were initially assessed during clin-
ical examination, the morning after the procedure, as well 
as 1, 3 and 6 months later, via phone interview. Pain sever-

ity was evaluated using a Visual Analogue Scale (VAS 0-10) 
score and functionality status (QoL) was graded based on 
a 5-item response (Table 2) as very good, good, bad, very 
bad or disabled. The pain response to treatment was meas-
ured as % change pre-post VAS score (100*(pre-post)/pre 
was classified as excellent (100%), good (1-99%) or poor 
(0%)). The QoL was further grouped as high (very good & 
good) and low (bad, very bad or disabled). 

Statistics
Descriptive statistics were presented as count (percent-
age (%)) or median (interquartile range (IQR)). We tested 
for change (pre-post) in pain VAS score with Wilcoxon 
matched-pair signed-rank test, and we used the Fisher’s 
exact test to assess association of pain response to treat-
ment with QoL at 6 months. A p-value of <0.05 was consid-
ered to indicate statistically significant associations. Data 
management and statistical analyses were performed us-
ing IBM-SPSS Statistics software (version 23).

Results 
Pain and QoL pre and post treatment are shown in Table 3 
and Fig. 4. Pain on the following morning as well as at one, 
three and six months after RGE injection was significantly 
lower compared to prior to the procedure (p-values <0.05; 
Table 4). Pain response to treatment at the end of the fol-
low up was excellent in 8 patients (32%), good in 11 (44%) 
and poor in 6 (24%), and QoL was high in 18 (72%) patients 
(Table 5). High QoL was found in all patents (100%) with 

Fig. 3. 41-year-old male patient with a 3-month history of low 
back pain and left sciatica. Postero-lateral puncture was not 
possible. Antero-lateral, extraperitoneal needle access with 
successful intradiscal injection is shown (black arrow). Minor 
epidural extensions of the injected material are also shown 
(open arrow). 

Fig. 4. Mean and standard deviation (SD) of Visual Analogue 
Scale (VAS) scores pre- and post- treatment. Gradual im-
provement of pain post treatment.

Clinical outcome and safety of percutaneous Radiopaque Gelified Ethanol injection  
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excellent response, in 10 (90.9%) with good and none with 
poor response (p-values <0.05; Table 6).

The only minor complication in our study was a small 
extradiscal epidural leakage, noticed in 2 cases (n=2; 8%) 
based on the CT findings after RGE injection, without any 
clinical sequelae. No major complications related to treat-
ment or allergic reactions to RGE occurred. In 6 cases with 
unhopeful results, post- treatment MRI was performed 
due to persistent symptoms or on scheduled follow-up ba-
sis at 3 months time.

Discussion
Disc herniation is one of the most common sources of LBP 
[12]. Regardless of the treatment method, pain intensity, 
as well as impaired function and mobility, may persist up 
to a 5-year period [3]; thus, any treatment option should 
aim at high clinical response with low complication rates. 
According to the “Quality Assurance Guidelines” for per-

cutaneous treatment of intervertebral discs, published by 
the Cardiovascular and Interventional Society in Europe, a 
wide range of minimally invasive percutaneous methods 
have been implemented for treatment of symptomatic 
disc herniation [2]. These techniques refer to image guid-
ed procedures, all based on the puncture of the annulus 

Table 3. Pain and quality of life pre- and post- treatment

Pre Post day 1 Post 1st month Post 3rd month Post 6th  month 

Pain (VAS)
Mean (SD) 8.1 (1.26) 5.4 (1.98) 4.4 (2.41) 3.6 (2.72) 3.1 (3.10)
Median (IQR) 8.0 (7.0, 9.0) 6.0 (4.5, 6.0) 5.0 (3.0, 5.5) 3.0 (2.0, 5.5) 2.0 (0.0, 5.5)

Quality of life; n (%)

Very good 0 3 (12) 4 (16) 10 (40) 14 (56)
Good 0 3 (12) 7 (28) 5 (20) 4 (16)
Bad 2 (8) 10 (40) 10 (40) 5 (20) 1 (4)
Very bad 13 (52) 7 (28) 2 (8) 3 (12) 4 (16)
Disabled 10 (40) 2 (8) 2 (8) 2 (8) 2 (8)

IQR: interquartile range (25th, 75th), SD: standard deviation, VAS: visual analogue scale

Table 4. Pain improvement (VAS) post treatment 

Mean Decrease* 
(95%CI) p-value#

1st day post 
treatment 2.7 (1.9, 3.5) <0.001

1st month post 
treatment 3.7 (2.7, 4.7) <0.001

3rd month post 
treatment 4.4 (3.2, 5.6) <0.001

6th month post 
treatment 5.0 (3.6, 6.4) <0.001

# Wilcoxon matched-pair signed-rank test

VAS: visual analogue scale, 95% CI: 95% confidence interval 

*change=pre treatment VAS score - post treatment VAS score

Table 6. Pain improvement (VAS) post treatment 

Quality of Life*
(at 6 months) p-value1

Pain response to 
treatment  
(at 6 months) #

High Low

<0.001Poor 0 6 (100)

Good 10 (90.9) 1 (9.1)

Excellent 8 (100) 0

#Pain response to treatment: % change in VAS poor: 0, Good: 1-99%, 

Excellent: 100%

*High= very good & good, Low: Bad & very bad & disabled
1Fisher’s exact test

Table 5. Therapeutic outcome at the end of follow-up 

Pain response to treatment; n (%)

Excellent 8 (32)

Good 11(44)

Poor 6 (24)

Quality of life; n (%)

High 18 (72)

Low 7 (28)

Clinical outcome and safety of percutaneous Radiopaque Gelified Ethanol injection  
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with a needle or a trocar, through which chemical, ther-
mal or mechanical devices may be inserted inside the 
nucleus pulposus [13]. RGE injection seems to offer high 
success rate matched with very low complication rate [14]. 
Complications described for the use of RGE are systemic 
allergic reactions to the substance, discitis and neurologic 
injury [1].

RGE is a viscous solution in ethanol mixed with 
ethyl-cellulose and tungsten that causes a local dehy-
dration of the nucleus pulposus, resulting in volume 
loss and retraction of intervertebral disc herniation 
[1]. Either fluoroscopy or CT can be used for injection, 
depending on personal preferences and the center's 
experience. The injection of ethyl-cellulose increases 
viscosity and therefore restricts the intradiscal ethanol 
diffusion. In addition, it deposits part of the gel lead-
ing to “soft intradiscal prosthesis” [1]. Tungsten makes 
this “prosthesis” radiopaque and easily recognised by 
CT or fluoroscopy. In addition, ruptured annulus with 
small fissures can be monitored when filled with RGE 
solution (Fig. 1b, 2c and 3). Pain improvement may be 
attributed to dehydration of the nucleus pulposus with 
subsequent reduction of intradiscal pressure and her-
nia retraction [1]. The most important intradiscal ther-
apeutic reaction is probably the decrease of pressure al-
lowing partial decompressive shift of herniated nucleus 
material [1, 15]. This fact may explain rapid symptom 
improvement despite unchanged volume of disc herni-
ation on initial imaging follow-up. 

Three major studies in the literature report the success 
and complication rates of RGE injection for lumbar disc 
herniation. Volpentesta et al reported in a group of 72 pa-
tients excellent/good results in 80.4%, despite complica-
tions in 5.5% [1]. Theron et al in a group of 221 patients 
reported a success rate of 91.4% and a complication rate 
of <0.5% [15] whereas Stagni et al did not mention any 
complications in a group of 32 patients with therapeutic 
success rate of 75% [16]. In our study, we injected RGE un-
der CT-guidance in 25 patients with lumbosacral pain re-
sistance to conservative treatment for at least 6 weeks and 
our excellent/good results in response to pain in 76% and 
high QoL in 72% without any harmful complications are in 
agreement with the reported results.

We failed to achieve adequate clinical outcome in six pa-
tients. In three elderly patients (one female 78- years and 
two male 82- and 90 years), failure was probably related 
to the fact that in the heavily degenerative disc the nucle-

us pulposus is less likely to undergo further dehydration. 
In addition, elderly patients may present with sciatica 
because of degenerative disease of the apophyseal joints 
and/or segmental instability leading to an erroneous clin-
ical diagnosis. In the fourth patient (26-year-old, male) we 
had some clinical response but initial symptoms recurred 
by the end of follow-up period. Our explanation was that 
he increased loading in the post-procedure period, despite 
medical consultation. The last two poor clinical response 
cases (one male 45-years and one female 70- years) expe-
rienced no clinical improvement and were operated six 
months later. We have no explanation for this clinical out-
come despite the successful injection of RGE material.

The gel solution was normally distributed in all cases 
without any complications. Similar hernias with similar 
RGE distribution showed variant clinical outcome. There-
fore, it may not be possible to predict the post-interven-
tional clinical outcome based alone on the image charac-
teristics of the herniated discs. Future studies with larger 
number of patients may provide more data on the specific 
characteristics where some patients do not show the ex-
pected clinical improvement.

Needle access route alternatives
In cases where a postero-lateral needle access is not pos-
sible (usually for the L5-S1 disc level puncture) alterna-
tive accesses can be proposed, like in two of our cases. In 
the first one, with a large postero-lateral hernia causing 
compression and lateral displacement of the thecal sac, di-
rect dorsal puncture was successfully performed without 
injuring the spinal nerves (Fig. 2). In the second case, an 
antero-lateral extra-peritoneal access was chosen and the 
long needle could enter the herniated disc from a lateral 
route (Fig. 3). No complications were noted in both pa-
tients. Therefore, this alternative pathway should be kept 
in mind as an option, if conventional puncture is not possi-
ble. However, this alternative access is possible only under 
CT-guidance and not with fluoroscopy, in order to avoid 
any harmful effects to vital anatomic structures. 

The main limitation of our study is the relatively small 
sample size.

Conclusions
This study reports our initial experience of intradiscal RGE 
injection as a minimally invasive treatment of herniated 
disc, including patients who required an alternative route 
of access. RGE injection offers good clinical outcomes re-
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garding management of LBP of discogenic origin and has 
a low rate of complications. Treatment was performed as 
Day cases under local anaesthesia; therefore it does not re-
quire hospitalisation with the rare exceptions of serious 
complications. Our experience is encouraging and in ac-

cordance to the literature results, with no recorded seri-
ous side effects.R
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