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ABSTRACT

The treatment of herniated disc disease (HNP) over the years involved different miniinvasive surgical options. The
classical microsurgical approach has been substituted over the years both by endoscopic approach in which is possible o
practice via endoscopy a laser thermo-discoplasty, both by percutaneous laser disc nucleoplasty. In the last ten years, the
percutaneous laser disc nucleoplasty have been done worldwide in more than 40000 cases of HNP. Because water is the
major component of the intervertebral disc, and in HNP pain is caused by the disc protrusion pressing against the nerve
root, a 980 nm Diode laser introduced via a 22G needle under X-ray guidance and local anesthesia, vaporizes a small
amount of nucleous polposus with a disc shrinkage and a relief of pressure on nerve root. Most patients get off the table
pain free and are back to work in 5 to 7 days.

Material and method: to date, 130 patients (155 cases) suffering for relevant symptoms therapy-resistant 6 months on
average before consulting our department, have been treated. Eightyfour (72%) males and 46 (28%) females had a
percutaneous laser disc nucleoplasty. The average age of patients operated was 48 years (22 — 69). The level of disc
removal was L3/L4 in 12 cases, L4/L5 in 87 cases and L5/S1 in 56 cases. Two different levels were treated at the same

time in 25 patients. Results: the sucess rate at a minimum follow-up of 6 months was 88% with a complication rate of
0.5%.
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1.INTRODUCTION

Several treatments over the years have been performed in disc herniation. At the moment, the gold standards, in order to
reduce the complications seem to be all the miniinvasive techniques, permitting not only the best solution for the patient,
but also a fast , sure and effective postoperative recovery time. The percutaneous laser disc nucleoplasty is based on a
reduction of volume in a closed hydraulic space, resulting in a great fall of pressure. Because water is the major
component of the intervertebral disc and in disc herniation pain is caused by the disc protrusion pressing against the
nerve root, by vaporizing and shrinking the nucleous polposus, the result is an immediate decompression on the nerve
root (1).

Since the first application (2), several types (Nd:YAG 1064nm, 1320nm; KTP 532nm; CO 2 10.6pum; Ho:YAG 2100nm,
Diode 940nm, 810nm) of lasers over the years have been employed.
The Authors believe that 980nm is the optimal wavelength for laser disc decompression and nucleotomy, because 980nm

is 5 times more absorbent than 810nm and 2 times more absorbent than 1064nm, requiring less laser energy; this implies
less heat diffusion in surrounding tissues and no undesirable side effects.
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2.MATERIALS AND METHODS

2.1Inclusion criteria.

One-hundred thirty patients (155 cases), 84 (72%) males and 46 (28%) females affected by disc herniation (magnetic
resonance imaging -MRI- documented) contained (protrusion, subannular extrusion) and noncontained (transannular
extrusion), suffering for relevant symptoms therapy-resistant 6 months on average before consulting our department,
have been treated. The average age of patients operated was 48 years (22 — 69). The level of disc removal was L3/L4 in
12 cases, L4/L5 in 87 cases and L5/S1 in 56 cases. Two different levels (L3-L4, L4-L5 and L4-1L.5, L5-S1) were treated
at the same time in 25 patients. Disc herniation must be contained or at least in contact with the parent disc in order to
permit a reduction of the pressure on the nerve root by laser energy. No free disc fragment (sequestration) has been
treated with this technique; thus sequestration is an absolute contraindication. Previous surgery do not contraindicate the
treatment, but scar entrapment by previous microsurgical approach, because laser energy involves a fibrocartilage
replacement in the disc from the inner layer of the annulus returnig to normal after 3 months (3,4) is another absolute
contraindication.

The procedure consisted of a 22G needle guided by C-arm fluoroscopy, percoutaneousely inserted into a herniated disc
under sedoanalgesia. Diode Laser 980nm (MULTIDIODE ENDO ™ laser by INTERmedic — Spain), 400 to 550 J,
was delivered through a 400pm AS (All Silica Fibers by FiberTech GmbH — Germany). The power parameters were 8
—12 W x 500 - 700ms in a pulsed wave, with 2-3 seconds pauses for heat dissipation. A smoke evacuation system
connected to the needle permits to eliminate the gas formation during the treatment, by reducing the postoperative
muscle contracture.

3.RESULTS

A retrospective evaluation at an average follow-up of 12 months (14 — 6) has been performed, after performing MRI or

CT scan at 6 weeks, EMG (electromiography) at 1, 3 months, a VAS (Visual Analogue Scale) and by applying the
Macnab’s criteria on a total of 155 procedures in 130 patients.

Table 1: Macnab’s criteria
- Excellent/Good : Resumed preop function, occasional backache,
no objective signs of nerve root involvement

Intermittent episodes of mild lumbar pain and/or low
back pain, no objective signs of nerve root involvement

Subjiective: no productivity, continued pain, inactive
objective signs of nerve root involvement

The Excellent/Good results according to Macnab were 78%, the Fair results were 10%, and the Poor results were 12%.
The VAS increased from a preoperative 2.34 to a postoperative 8.22. In the EMG’ group of Excellent/Good results there
were increasing in the interference pattern, disappearing in paraspinous positive weaves and normalization in motor unit
amplitude. MRI or CT scan showed a disc herniation reduction at 6 weeks in only 70% of Excellent/Good results,
because a disc schrinkage of less than 1.5 — 2 ml has not MRI or CT scan detectable (5,6). (Figg.1 —3)

No significant difference in outcome (p> 0.05) related to sex, age, disc level, previous microdiscectomy, and symptoms
duration were found. Fair and Poor results correlate (p<0.05) with non contained disc herniation (transannular extrusion)
m 15 cases (10%).

In 80% of Excellent/Good results there was an immediate pain relief with a normal straight leg raising (SLR), and
neurological signs improvement (motor weakness and reflex depression) was recorded by 1 month in 70% of cases.
Complication:

A recurrence rate of 3.8% (6 cases) after an average period of 3 months was recorded.

No septic or aseptic discitis was detected. In 2 patients headache post spinal lumbar puncture was advised, returning to
normal after 2-3 days bed rest.
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4. DISCUSSION

Percutaneous Laser disc Decompression and Nucleotomy has been performed at moment worlwide on more than 40000
patients. The more used lasers were KTP 532nm, Ho:YAG 2100nm, Nd: YAG 1064nm. Their combined success rate
(excellent/good to fair) according to Macnab and Oswestry score were more than 80%, with a complication rate of less
than 1.5%. In order to obtain a good result it is very important not only a proper selection of the patients, but also a good
choice of the laser used.

With regard the use of the Diode 980nm, we believe to be the best and more advanced laser in the treatment of disc
herniation, related to the optimal water absorption. Because 980nm is 5 times more absorbent than 810nm and 2 times
more absorbent than 1064nm, requiring less laser energy; this implies less heat diffusion in surrounding tissues and no
undesirable side effects. A first introduction of Diode 940nm in disc herniation treatment has been performed in 1998 by
Hellinger (7) in a prospective randomized study versus Nd: YAG 1064nm. The overall success rate (90%) confirm the
proper use of Diode in order to decompress the nerve root by disc herniation. Nakai (8) also confirmed in a experimental
study with a Diode 810nm, that Diode is less aggressive in the surrounding tissue, preserving the end plate and the
vertebral body from any damage. No secondary changes on the intervertebral disc and adiacent vertebral body after
Diode laser disc irradiation were detected.

For these reasons the Authors believed using the Diode 980nm in the treatment of disc herniation, confirming the overall
success rate of the literature, without any complications related to heat diffusion in surrounding tissues (aseptic discitis
and sponylitis, bladder injuries, vascular injuries to the abdominal cavity, abdomen injuries). In conclusion we strive to
use the technique, that has been proven to be safe, effective, it is minimally invasive, it is performed in outpatient setting,

requires no general anesthesia, avoiding scarring or postoperative spinal instability, and does not preclude microsurgery,
if needed.

o

Fig.la: 27yrs femalehLS-Sl HN Fig.1b: after laser

Fig. 2a: 3yrs fmale L5—1 transannla extruion ig.2b: after laser
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Fig.3a: 46yrs male L4-L5 HNP | Fig.3b: after laser

REFERENCES

1 Case R.B.C. et al.: Intervertebral disc pressure as a function of fluid volume infused. J.Clin. Laser Med. Surg., 13,
143-147, 1985.
_Asher P.W.: Application of the laser in neurosurgery. Lasers Surg Med. 2, 91-97, 1986.
3 Turgut A. et al.: Effect of Nd :YAG laser on experimental disc degeneration, Part 2. Histological and MRI findings.
% cta Neurochir,, 138, 1355-1361, 1996.
 Kosaka R. et al. : Percutaneous laser nucleotomy for lumbar disc herniation. Preliminary report of early results and
findings. Orthop. Science, 1, 102-112, 1996.
5 Tonami H., et al.: Percutaneous laser discectomy: MRI findings within the first 24 hours after treatment and their
relationship to clinical outcome. Clin. Radiol, 52(12), 938-944, 1997.
5 Brat H.: Changes in disc herniation after CT-guided percutaneous laser disc decompression (MRI findings). Lasers
ed. Sci., 18, Suppl., 2003.
7 Hellinger J.: Introduce of Diode Laser (940nm) — PLDN. Mediziert, 335-358, 2000.
% Nakai S. et al. : Experimental study using Diode Laser in discs — the healing processes in discs and adiacent vertebrae
after laser irradiation. Lasers Med. Sci., 18, Suppl, 2003.

Proc. of SPIE Vol. 5610 145




