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ORIGINAL ARTICLE

The long-term effects of plasma disc coagulation therapy for
cervical disc hernia

Servikal disk hernisinde plazma disk koagtilasyon tedavisinin uzun dénem etkileri

Sibel OZCAN," © Arzu MUZ,2 © Serhat TASKIN,' ©© Ahmet Kiirsad POYRAZ,? ©© Selami Ates ONAL*

Summary

Objectives: Recently, plasma disc coagulation therapy (PDCT) has been used in the treatment of lumbar and cervical disc
hernia (CDH), but the long-term effects of PDCT have not been well documented. The aim of this study was to assess the long-
term effects of PDCT on pain score, disc volume, and patient satisfaction in patients with CDH.

Methods: Eighty patients with CDH, who underwent PDCT treatment, were included in the study. The patients demographics
and pain scores [visual analog scale (VAS)] were recorded on the baseline and in the 1%, 3", 6™, and 12" months after PDCT
treatment. We evaluated patient satisfaction and disc volume on the 12" month after PDCT.

Results: A statistically significant and time-dependent decrease was determined in VAS score. The initial mean VAS score was
6.5+0.9, and it decreased to 3.4+0.2 on the final follow-up (p<0.01). According to magnetic resonance imaging pathology, VAS
score after PDCT was higher in patients with an extruded disc when compared to patients with bulging and protruded discs at
all times (p<0.05). After 12 months, 50% of the patients were reported as excellent and 8.7% of the patients reported as poor
based on the Odom criteria. Disc volume decreased after PDCT treatment in the patients who reported that they were excel-
lent based on the Odom criteria (p<0.01).

Conclusion: This study demonstrated that PDCT is a safe, effective, and minimally invasive treatment technique for adequate-
ly selected patients with CDH.
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Oz

Amag: Son zamanlarda, lomber ve servikal disk hernisi (SDH) tedavisinde plazma disk koagiilasyon tedavisi (PDCT) kullanil-
mistir, ancak PDCT’ nin uzun dénem etkileri tam olarak belgelenmemistir. Bu ¢calismanin amaci, servikal disk hernili hastalarda
PDCT' nin agni skoru, disk hacmi ve hasta memnuniyeti Gizerindeki uzun dénem etkilerini degerlendirmektir.

Gereg ve Yontem: PDCT tedavisi uygulanan 80 SDH hastasi calismaya alindi. Hastalarin demografik 6zellikleri ve agn skorlari
(gorsel analog skala-VAS) baslangigta ve PDCT tedavisinden sonraki 1., 3., 6. ve 12. aylarda kaydedildi. PDCT'den sonraki 12.
ayda hasta memnuniyeti ve disk hacmi degerlendirildi.

Bulgular: VAS skorunda zaman bagimli ve istatistiksel olarak anlamli azalma saptandi. Baslangigtaki VAS skoru 6.5+0.9 iken,
son takipte 3.4+0.2 olarak tespit edildi (p<0.01). Manyetik rezonans goriintiileme patolojisine gore, PDCT sonrasi VAS skoru
ekstrlide diski olan hastalarda, bulging ve protriizyon olan hastalara gére daha yiiksekti (p<0.05). Tedaviden 12 ay sonra Odom
kriterlerine gore hastalarin %50'si mikemmel oldugunu bildirirken, %8,7'si kéti oldugunu rapor etti. PDCT tedavisinden sonra
Odom kriterlerine gore miikkemmel oldugunu bildiren hastalarda disk hacminin azaldigi tespit edildi (p<0.01).

Sonug: Bu calisma PDCT'nin secilmis SDH'li hastalar icin giivenli, etkili ve minimal invaziv bir tedavi teknigi oldugunu
gostermisgtir.

Anahtar sozcukler: Servikal disk hernisi; disk hacmi; plazma lazer tedavi; viziiel analog skala.
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The long-term effects of plasma disc coagulation therapy for cervical disc hernia

Introduction

Cervical radiculopathy is characterized by unilateral
or bilateral arm pain with or without neck pain, of-
ten accompanied by numbness and tingling of the
affected extremity, that results from mechanical
compression of the cervical spinal roots."! Cervical
spondylosis and disc herniation are the most com-
mon causes of cervical spinal root compression.
The initial treatment of cervical disc hernia (CDH) is
conservative care including analgesics and physical
therapy. When conservative treatment fails, invasive
treatments such as surgical procedures or epidural
steroid injections are considered.*® The choice of
CDH treatment is still controversial due to the fact
that the advantages of surgical treatment methods
when compared to nonsurgical ones have not yet
been clearly defined.® The reasons for the increasing
interest in percutaneous interventions include the
fact that the procedure leads to lower tissue damage
and early recovery, and avoids the risks of general
anesthesia since it could be performed with local
anesthesia.” Thus, certain percutaneous procedures
have recently been developed for CDH treatment,
including mechanical or energy-based removal of a
portion of the nucleus pulposus.’®”

In recent years, percutaneous laser disc decompres-
sion (PLDD) has been applied frequently and was
successful in 63-89% of the cases and the reported
complication rate was extremely low (0.5-1%).1-1%
Conventional laser is used in PLDD and due to con-
ductivity and directionality of conventional laser
beam, sufficient energy transfer may not be possible
in the lesion region and it may lead to nerve root
damages."" Percutaneous plasma disc coagulation
therapy (PDCT) utilizes the laser known as plasma
light. In plasma light laser, the rays are concentrat-
ed at the end of the dome-shaped fiber and do not
travel linearly. Thus, PDCT sends sufficient energy to
the lesion site, while not damaging the surrounding
soft and neural tissues.'? In the literature, there are
only a few studies on PDCT applications. Although
two studies demonstrated that PDCT application de-
creased the pain score in CDH, long-term effects of
PDCT on the process were not well documented.!'>'4

The main aim of the present study was to analyze

the long-term effects of PDCT on pain score, disc
volume, and patient satisfaction.
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Material and Methods

The current study was approved by local ethics com-
mittee. Data on patients who underwent PDCT proce-
dure for CDH in the pain clinic between May 1, 2013,
and May 31, 2017, were evaluated retrospectively.

Patient demographics

From a total number of 90 patients with CDH who
were treated with PDCT, 80 patients (26 males and
54 females, between 29 and 69 years old) who were
able to comply with the 12-month follow-up period
were included in the study. Inclusion criteria were
as follows: Patients who typically experienced neck
and upper limb pain. Every patient had neck pain ra-
diating down to the hand and often to the scapular
region. Nerve root compression was confirmed by
computerized tomography (CT) or magnetic reso-
nance imaging (MRI) in all patients. All participat-
ing patients failed to respond to conservative treat-
ments or interlaminar epidural steroid injections for
at least 6 weeks. Exclusion criteria included evidence
of significant disc degeneration (Pfirrmann 4 and 5),
the presence of sequestrated or migrated disc her-
niation, stenosis of intervertebral foramina or of the
spinal canal, asymptomatic disc bulging incidentally
diagnosed by CT or MRI, history of cervical spinal sur-
gery or anterior neck surgery, infections, pregnancy,
neoplastic disease, and hemorrhagic diathesis. All
the patients provided informed consent on the day
before the procedure.

Plasma disc coagulation procedure

AllPDCT procedures were performed by a single phy-
sician. To prevent the risk of infection, 1 g cephazolin
was administered intravenously (iv), 1 h before the
procedure. Patients were monitored in the operat-
ing room and received conscious sedation with 2 mg
midazolam and 50 pg fentanyl iv. The procedure was
conducted with fluoroscopy with a C-arm unit, when
the patients were in supine position. To facilitate ac-
cess to cervical disc, a roll support was placed un-
der the neck to facilitate neck extension. Under the
guidance of anteroposterior (AP) C-arm fluoroscopy
image, a target disc was determined. After steriliza-
tion of the neck, 2 mL lidocaine was injected into
the skin and subcutaneous tissues as a local anes-
thetic. Since the esophagus is located on the left side
of the midline, it was considered that a right-sided
approach was relatively safer. Turning the patient’s
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Figure 1.(a) Lateral C-arm fluoroscopic images of Chiba needle
inserted in C5-C6 intradiscal space. (b) Anteroposterior C-arm
fluoroscopic images of Chiba needle inserted in C5-C6 intradis-
cal space.

head slightly to the left may draw the esophagus
and trachea to the left and out of the needle path-
way. Tight pressure was applied to the safety zone
between the trachea and the medial border of the
sternocleidomastoid muscle to displace the carotid
artery and jugular vein laterally and the trachea and
larynx medially.®'! The cannula (19-gauge 7.5 cm)
was advanced toward the center of the disc. Depth
of needle in the disc was confirmed by the AP and
lateral C-arm fluoroscopic images (Fig. 1). After the
cannula insertion to the disc, three-way valve was
connected to check the ventilation of evaporated
gas during the procedure. Under fluoroscopic guid-
ance, 0.4 mm diameter plasma optical fiber was in-
serted into the intervertebral disc. Plasma light was
irradiated with a total energy of 5001, as applied in
the previous studies.'*'3! We checked the patient’s
status and ventilation of evaporated gas by the
three-way valve throughout the procedure.

In the case of hematoma, tampon pressure was
planned. A possible headache due to dural injury
was planned to be treated by daily fluid intake, oral
caffeine or caffeine-containing painkiller, iv hydra-
tion, and epidural blood patch if the headache did
not cease after 1 week of treatment.

Patients were observed for 2 h after the procedure
and then discharged without any complications
with a prescription of anti-inflammatory and analge-
sic drugs for 5 days. A soft cervical collar was sug-
gested for 1 week to limit neck movement.

Data collection and analysis

Data on the age, gender, duration of pain, initial pain
score obtained through visual analog scale (VAS), lo-
cation of pain, and MRI findings were recorded be-
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fore the procedure. VAS scores were recorded by face
to face interview in the 1%, 39, 6™, and 12" months
after PDCT by an anesthesia assistant. We evalu-
ated patient satisfaction based on Odom criteria!®
12 months after the PDCT. Odom criteria indicate
that “patients with no complaints and can perform
daily activities without impairment” as excellent; “pa-
tients with intermittent discomfort related to cervi-
cal disc disease that does not significantly interfere
with their work” as good; “patients with subjective
improvement, whose physical activities were still
significantly limited” as satisfactory; and “patients
whose condition did not improve or worsened after
the treatment” as poor.

The efficacy of most intradiscal procedures is tied to
a particular discal volume so in this study disc vol-
ume measured 12 months after the PDCT in patients
who reported excellent results based on the Odom
criteria and where a reduction in disc volume was
recorded. Intervertebral disc volumetric analysis was
conducted manually by identification of the regions
of interest (ROIs) on axial FSE-T2 MRI images. Entire
disc and herniated portion were included in the ROI
on all axial images slices.

Statistical analysis

The SPSS statistics software (SPSS Institute, Chicago,
IL, USA), version 22.0 for Windows was used in data
analysis. A number of patients were determined by
power analysis, which suggested minimum of 15 in-
dividuals with an alpha error of 0.05 and a beta error
of 0.10 (power=0.90). A Shapiro-Wilk test was used
to verify the normal distribution of the variables.

Time-dependent effects of PDCT administration on
VAS pain scores (initially and in the 1%, 3", 6, and
12" months after the PDCT) were evaluated with
two-way repeated ANOVA followed by the Stu-
dent-Newman-Keuls multiple range post hoc test.
Odom criteria were compared with Yates’ corrected
Chi-square test. The impact of PDCT on disc volume
was analyzed using the paired t-test. Statistical sig-
nificance was accepted as p<0.05.

Results

Eighty patients were included in the present study
(26 male and 54 female patients), with a mean
age of 48.5 (range: 29-69). Single-level PDCT was
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Table 1. Patient demographics and plasma disc co-
agulation therapy application levels

No. (%) or Min.-Max.
M (SD)

Sex, female* 54 (67.5) -
Age,y 48.5 (20) 29-69
Symptom duration, w 10.5 (7.5) 6-20
Location of pain*
Neck+Left arm 26 (32.5) -
Neck+Right arm 22 (27.5) -
Neck+Bilateral arm 32 (40) -
MRI*
Bulging of disc 20 (25) -
Protruded disc 51 (63.7) -
Extruded disc 9(11.2) -
PDCT application levels*
C3-C4 10 (12.5%) -
C4-C5 10 (12.5%) =
C5-Cé 23 (28.8%) -
C6-C7 20 (25%) -
C3-C4, C4-C5 1(1.2%) -
C4-C5, C5-C6 6 (7.5%) -
C5-C6, C6-C7 9(11.2) -
C4-C5, C5-C6, C6-C7 1(1.2%) -

SD: Standard deviation; Min.: Minimum; Max.: Maximum; MRI: Mag-
netic resonance imaging; PDCT: Plasma disc coagulation therapy; *:
Data presented as number of patients (% of sample).

administered to 63 patients, while the administra-
tion was at several levels in others. Lesions were
predominantly at the C5-C6 and C6-C7 distances.
Patient demographics and PDCT application levels
are presented in Table 1.

Clinical success of PDCT was analyzed with VAS
scores. It was determined that the time-dependent
VAS scores were statistically significant (p<0.01),
and these scores are presented in Figure 2a. The ini-
tial mean VAS score was 6.5+0.9 (min: 4, max: 9), and
it decreased to 3.4+0.2 (min: 0, max: 8) on the final
follow-up. When the patients were evaluated based
on MRI pathology, VAS scores after PDCT were high-
er in patients with an extruded disc when compared
to patients with bulging and protruded disc at all
times (Fig. 2b, p<0.05).

The clinical efficacy rates were also analyzed based
on patient satisfaction using Odom criteria. After
12 months, 50% of patients reported excellent and
8.7% of patients reported poor outcomes based on
the Odom criteria (Fig. 3).

MRI was obtained 12 months after the PDCT pro-
cedure for 10 out of the 40 patients who reported
that they felt excellent based on the Odom criteria
(Fig. 4). In these patients, initial mean disc volume
was 13.623.5 cm?. Disc volume was decreased to
11.3£2.5 cm?® at 12 months after the PDCT and was
found to be statistically significant (Fig. 5, p<0.01).
Five out of seven patients who were considered un-
successful based on the Odom criteria were then
scheduled for an operation. Of these five patients,
two had protruded disc and three had extruded disc.
There were few perioperative complications in the
patients that underwent PDCT. However, vascular in-
jury, new neurological deficits or symptoms, hoarse-
ness, dysphagia, discitis, infection, hematoma, leak-
age of cerebrospinal fluid, nerve root or spinal cord

(a) 107
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Figure 2. (a) Time-dependent effects of Plasma Disc Coagulation Therapy (PDCT) application on VAS pain score. VAS scores are recorded
initially and in 1%, 3", 6" and 12" months after PDCT administration. Each bar represents the mean and SD for eighty patients. **P<0.01
compared with pre PDCT using the Student-Newman-Keuls (SNK) test. (b) According to MRI pathology, VAS score in 1%, 34, 6, 9" and
12" months after PDCT administration. The extruded disc group was compared to the protruded disc and bulging of disc groups using
the Student-Newman-Keuls (SNK) test. a: P<0.05 compared to protruded disc; b: P<0.05 compared to bulging of disc.
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Figure 3.Effects of PDCT administration on satisfaction levels
based on Odoms’ criteria in patients with cervical disc hernia.

Figure 4. Magnetic resonance imaging (MRI) of spine (a) an
original view of one patient’s disc volume before the PDCT tre-
atment, (b) an original view of same patient’s disc volume 12
months after the PDCT treatment.

injury, and cardiovascular or pulmonary complica-
tion incidences were not observed.

Discussion

In recent years, less invasive procedures that uti-
lize mechanical, chemical, and thermal methods to
shrink the disc, in the treatment of CDH patients,
have been developed. In the present study, we eval-
uated the long-term effects of PDCT in 80 patients
with CDH. During the follow-up period, a statisti-
cally significant reduction was noted in VAS scores.
While the VAS score of patients before the PDCT was
6.5+0.9, a significant decrease was obtained in VAS
score 2 months after the PDCT (2.3+1.5), and low VAS
scores were maintained during the 12-month follow-
up period. Analysis of the patients based on MRI
pathology demonstrated that the decrease in VAS
score was more significant in patients with bulging
and protruded discs when compared to those with
extruded discs. Odom criteria assessment revealed
that PDCT was considered successful by 67.5% of
the patients (40 excellent and, 14 good). Disc volume
was measured in 10 patients who reported that they
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Figure 5. Effects of the PDCT treatment on intervertebral disc
volume in 10 patients with cervical disc hernia. Ten patients had
excellent outcomes based on the Odom’s criteria.

were excellent based on the Odom criteria, and a sta-
tistically significant reduction in disc volume was de-
termined after the PDCT procedure when compared
to the pre-PDCT period.

The main objective of interventional techniques in
disc herniation treatment is to reduce the internal
pressure in the disc and decompress the nerve root.
Ultimately, it can reduce the inflammation respon-
sible for the pain.l'"”'® In percutaneous procedures
that utilize laser, laser evaporates the fluid inside
the disc and leads to a decrease in disc size. Since
intervertebral disc is essentially included a hydrau-
lic system, even a small decrease in volume would
lead to a quite large reduction. This is also supported
by the findings of in vitro studies."?" Laser is ap-
plied through a fiber and results in vaporization of
the contents of nucleus pulposus.™ Its short-term
effect is the vaporization of fluid inside the nucleus
pulposus, and its long-term effect is the outcome of
protein denaturation that increases the disc tissue
tension and limits the fluid absorption capacity of
the nucleus.?>%! There is no consensus on the most
efficient or safe use or the ideal wavelength required
for the procedure. Most lasers provide 1200 J of pul-
satile energy. While there is a risk of burning the tis-
sue in high-energy lasers, low-energy lasers may be
inadequate for vaporization. In percutaneous laser
discectomy, neodymium: yttrium-aluminum-garnet
laser (Nd:YAG), holmium: yttrium-aluminum-garnet
laser (Ho:YAG), and diode laser are used. In percu-
taneous laser discectomy, linear beam which may
accumulate and lead to damages in anterior longi-
tudinal ligament, nerve root, and end plates by pen-
etrating into disc anterior is used. However, it may
not provide sufficient energy for the disc itself.[22-24
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PDCT was developed in 2006 to correct and improve
the linear spread property. The PDCT system is a
percutaneous treatment method that uses plasma
light (within the range of 550-1800 nm) for disc
coagulation and decompression. In the PDCT sys-
tem, plasma light is condensed at the tip of a dome
shaped fiber with a temperature between 160°C and
164°C and <40°C at over 3 mm around the fiber, thus,
the healthy tissues are protected from thermal el-
evations, allowing the operator to produce thermal
damage only on a specific region.'>?*! As a result of
the optimized cavity occurring in disc, internal pres-
sure is reduced and the pressure of nucleus pulposus
on the nerve is decreased.'>24

The outcome of percutaneous disc coagulation thera-
py was compared to that of the automatic percutane-
ous lumbar discectomy, and it was demonstrated that
percutaneous disc coagulation therapy was more effi-
cient when compared to the automated percutaneous
lumbar discectomy (APLD) (80% favorable outcome in
PDCT and 64% in APLD).?®! Kim et al.'? reported that
PDCT treatment in patients with herniated lumbar
disc led to a decrease in VAS score and in 89.1% of pa-
tients had achieved favorable improvement.

In the literature review, we found only a few articles
on the use of PDCT in patients with cervical disc
herniation. Zini et al.l"™ reported the findings on
54 patients with lumbar or cervical disc herniation
(48 lumbar and 6 cervical) treated with PDCT after
4 months. They reported that all patients well toler-
ated the procedure, there was a significant decrease
in the VAS and Oswestry Disability Index scores after
the PDCT, and no serious complications were ob-
served. However, the sample size in that study was
very small and the follow-up period was too short to
argue that PDCT was successful in CDH treatment.

In another study, the efficacy of PDCT was compared
to a navigable ablation decompression treatment (L-
DISQ) in CDH treatment. The authors reported that
L-DISQ provided better pain control when compared
to PDCT during the early period, however, both tech-
niques had a similar impact in the long term. They
followed up the patients for 12 months and reported
that the decrease in VAS and NPI scores was statisti-
cally significant, and L-DISQ treatment provided bet-
ter pain control when compared to PDCT during the
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early period, however, the long-term effects were
similar. They reported no serious complications in
the study.™

Similar to these findings, we found that PDCT was ef-
fective in the treatment of patients with CDH. In the
literature review, no analysis was conducted based
on MRI findings. When the patients were classified
based on the MRI findings in the present study, it
was found that PDCT was more effective in patients
with bulging and protruded discs. Usually, bulging
of the disc responds to conservative treatments,
however, the patients in our study group were resis-
tant to conservative treatment for a long time. It is
also known that clinical findings do not always corre-
late with the patient’s MRI findings. Therefore, PDCT
procedure was conducted in the group of patients
with bulging discs. On the other hand, although sur-
gery is recommended as the general treatment in
extruded disc herniation, the patients in our study
group did not accept surgical advice. Despite PDCT
provided adequate pain control and this effect con-
tinued for 12 months, 67.5% of the patients reported
favorable outcome based on the Odom criteria. To
demonstrate the efficacy of PDCT treatment, disc
volume was measured in 10 patients with excellent
results and a statistically significant reduction in disc
volume was determined after the PDCT.

There were no serious complications during and af-
ter the procedure. Approach from the safety zone
that was described in the previous studies prevent-
ed the possible complications.®™

However, the present study had several limitations.
First, the lack of a control group was a disadvantage.
Second, this was a retrospective study, and our aim
was to evaluate our results in comparison with the
results of the previous studies. Another limitation
was that psychological state, functional capacity, and
quality of life were not evaluated in the present study.

Conclusions

The findings of the present clinical study demon-
strated that PDCT is a safe, effective, and minimally
invasive treatment technique for adequately select-
ed patients, especially for those with bulging and
protrusion in cervical discs and refractory to conser-
vative treatment.
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