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To achieve the possible, you must keep
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Foreword

We are on the threshold of a new era in disease and symptom management. Vision gained
from pioneering work in spinal canal endoscopy hints at gains to come.

Everything we do in success or failure in pain medicine is ultimately expressed at the
cellular level and represents changes in electrical patterns, neurotransmitters and metabo-
lism. We up- and down-regulate cells, alter neurotransmitters, change electrical patterns
through medication, physical therapy, surgery, chemotherapy, radiation, acupuncture, cog-
nitive behavioral therapies, etc. For any therapy to be successful there has to be a return of
homeostasis, a return to the normal regulated state. Spinal canal endoscopy provides a win-
dow into the inner workings of the body and allows for direct observation of anatomy such as
movement of nerves back and forth through neural foramina, but the spinal canal endoscope’s
future is pinned on its unique ability to study physiology from a number of different vantage
points. (This distinguishes endoscopy from standard imaging techniques.) By reaching out
and physically touching and potentially sampling areas of interest, a better understanding will
develop of mechanisms of disease (inflammation) and allow for creation of cures, return to
homeostasis when heretofore symptom management was all that was dreamed of for spinal
related pain syndromes.

Spinal canal endoscopy is the visualization of the spinal canal using a flexible fiber optic
light source and endoscope. When intrathecal (subarachnoid), the term is myeloscopy, when
epidural, epiduraloscopy or epiduroscopy. A convergence of technologies has given birth to
spinal canal endoscopy: principally miniaturization of flexible fiber optics, non-heat emitting
light sources and digital photography/videography. Currently, spinal endoscopy is primar-
ily utilized as epiduroscopy. Direct observations are made of the dorsal and ventral epidural
space, allowing for visualization of blood vessels, ligaments, connective tissue, fat, inflam-
mation and the products of inflammation, scar tissue. These images are direct images of the
spinal canal as opposed to computer reconstructions via tomography or magnetic resonance.
There is visualization of color, allowing localization of inflammation and blood flow and
dynamic observations, viewing what happens to the dura mater, nerve roots, blood vessels,
etc when contents are tugged via various maneuvers such as a straight leg raise. It is through
these observations that better understanding is achieved of gross anatomy affecting function
of the spinal canal contents and through these observations the dichotomy of spinal canal
disease anatomically/physiologically appreciated. For example, adherent scar tissue identified
by pulling and tugging on nerve roots and obstruction of venous return secondary to liga-
ment hypertrophy (tourniquet effect) with formation of venous channels compressing nerve
are both anatomic observations not appreciated via other forms of imaging. These are both
gross anatomic observations and in themselves contribute to the possibility of how to manage
a disease state. Presumably by releasing scar or cutting back ligament, nerve pulled or com-
pressed will be freed. Today such procedures can possibly be done with difficulty depending
on nature, location, available technology if anatomic cause of the pain complaint is found.
Our ability to make disease-altering observations is limited because the vastness of the spinal
canal, the tremendous number of structures involved, the endless array of connective tissues,
scar, fat, blood vessels, etc that are anatomically present, some a part of the normal aging pro-
cess and not a part of the pain complaint, make effective targeting difficult.

Spinal canal endoscopy as it is practiced today attempts to lyse scar tissue in an effort to
mobilize tissue planes, but for the reasons cited above, as well as the fact that the underlying
physiology after lysis is the same as before lysis, regeneration of scar (inflammation) is prob-
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able; long-term benefits simply from lysis unlikely. If scarring/inflammation is responsible for
loss of tissue plane mobility or for obstructive effect on blood flow, it would seem managing
growth/regeneration of scar (inflammation) should be the goal of evolving epiduroscopic
care. Further research needs to be directed into this area. We know that as part of an inflam-
matory cascade, cellular elements are called in from the immune system, via cytokine mes-
saging, and activated to deposit collagen. The reasons for deposition are unclear, but may
be reflective of a protective mechanism, shielding irritants (contents of a nucleus pulposus)
from the immune system (umbrella effect.) Interfering with the process, release of irritants,
activation and response of the immune system would alter the inflammatory reaction and the
consequences; pain, inflammation, scarring, etc. This constitutes physiological high ground
and should be the focus of active research.

Our current mode of management has some impact on the inflammatory process, presum-
ably from irrigating the area with saline to remove inflammatory mediators, cytokines, often
followed by steroid, designed to membrane stabilize and slow an inflammatory response. This
technique has the potential to work well if the mediators are adequately removed and re-accu-
mulation of mediators prevented. Unfortunately, the underlying anatomic derangements that
led to a leaky disc or synovial joint are usually still present after epiduroscopy. Thus if there
was some canal stenosis and irritation complicating the canal stenosis, endoscopic irrigation
and injection of steroid might help. However, to get long-term response, it would be neces-
sary to achieve reduced functional irritation from the stenosis. This is unfortunately nearly
impossible via non-surgical means, although altering posture through use of a shoe orthotic
is potentially helpful. It would be far better to be able to interfere with the inflammatory pro-
cess at the target with specific chemotherapy that inhibits recurrence of inflammatory state,
despite persistence of pathology.

It is medically probable that an endoscopic device will be able to sample the tissue bed
involved in the inflammatory process and via a bedside test kit the nature of the inflammatory
response determined. In so doing this, specific chemotherapies could be placed to inhibit the
reaction, inflammation, and scarring and improve long-term outcome. Thus the endoscopic
platform has a very rich future. The textbook Epiduroscopy — Spinal Endoscopy written by
Dr. Schiitze is a gateway to the future and reveals opportunities and an entirely new subspe-
cialty: spinal canal endoscopy. With the knowledge imparted from this text, it is our hope that
future endoscopists will be inspired to fulfill the vast potential of these new devices.

Lloyd R. Saberski, M.D.
New Haven, Connecticut, USA



Introduction

The publication of the English edition of my German book Epiduroscopy — A practice-oriented
guide to epiduroscopic diagnosis and treatment of spinal pain syndromes provided an opportu-
nity to thoroughly revise and complete the book. The new edition reflects the latest develop-
ments in this area of medicine and expands the textbook.

Diagnosing and treating spinal pain syndromes is often difficult and is generally of lim-
ited success. It continues to pose a challenge in clinical practice. The effectiveness of the drugs
used for pain management and the patients” tolerance of these drugs, as well as surgical pro-
cedures and their costs play a role.

Manchikanti (2000) reported that in the United States, back pain is a widespread problem
affecting between 8% and 56% of the population. An estimated 28% of the population will
suffer from back pain at least once during their lifetime. Fourteen percent of the U.S. popula-
tion experience pain episodes that persist at least 2 weeks. Each year, 8% of the entire work-
force misses work due to back pain.

The lifetime prevalence for low back pain has been reported as between 65% and 80%.
The symptoms of back pain often last for only brief periods and in 80% to 90% of cases, disap-
pear after six weeks regardless of treatment. On the other hand, several studies describe recur-
rent, chronic back pain evaluated at 3 months, 6 months and 12 months and which occurred
in 35% to 79% of chronic pain patients. The risk factors for chronic back pain reported by
Manchikanti are affected by numerous factors, which may be physical, emotional or sociode-
mographic in nature.

Effective pain management is one of the physician’s major responsibilities. However, stud-
ies by Breivik et al. show that one-third of all patients with chronic pain are not treated, and
only 2% of all patients are treated by pain therapists. In Europe, the symptoms of 90% of all
pain patients are not explained through medical tests. Over 60% of all pain patients report
that their treatment is suboptimal and associated with intolerable side effects.

In Germany, too, the results of traditional treatment measures offered by a wide spectrum
of medical specialties for chronic low back pain is often disappointing for the patients in ques-
tion.

In response to the fact that up to 30% of all disc operations produce unsatisfactory results,
a number of minimally invasive treatment methods have been developed in the past decades.

The early 1990s saw a vision emerge that involved the use of an endoscope to examine the
epidural space, which can contain key information for diagnosis and treatment, and possibly
develop an examining technique for clinical application. It was the rapid development of flex-
ible, small-caliber endoscopes with corresponding image transmission systems that provided
the technical capabilities needed to perform spinal endoscopy.

This textbook is based on my years of clinical experience in pain management. It intends
to serve as a guide and a strategy for epiduroscopic diagnosis and therapy in patients with
spinal pain syndromes.

As a percutaneous minimally invasive endoscopic examination, epiduroscopy (EDS) per-
mits spatial, real color visualization of spinal anatomical structures such as the spinal dura
mater, blood vessels, ligamentum flavum, longitudinal ligament and nerve and fatty tissue.
In addition, epiduroscopy allows pathological and anatomical anomalies to be distinguished,
such as epidural fibrosis after invasive procedures, adhesions, fibrotic lesions, nerve root
compression, scar and granulation tissue and spinal stenosis, which often cannot be visualized
with other imaging methods.
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The indication for invasive diagnostics and pain therapy is frequently persistent unresolved pain
experienced by a patient who has been subjected to any number of ineffective treatment attempts.

In day-to-day practice, an exact diagnosis is often elusive, because precisely locating the anatomical
pain generator is not possible in the patient with chronic pain.

In many cases, the pain symptoms have been improperly treated, resulting in chronicity of the pain.

Incorporating invasive epiduroscopic diagnosis and treatment at an early stage in a sensible multidis-
ciplinary pain management concept is thus extremely important.

Choosing the proper time for performing epiduroscopy is an important criterion for averting poten-
tial pain chronicity. Simply continuing conservative treatment without questioning its effect carries with
it the risk that pain chronicity will set in.

For clinical pain management, epiduroscopy permits treatment such as targeted drug delivery, place-
ment of catheter systems, as well as epidural surgery including biopsy, laser adhesiolysis, microsurgical
lysis of fibrosis and removal of foreign bodies, even if the anatomical circumstances are problematic.

Based on our clinical experience and results with EDS management in over 1600 chronic pain
patients, all of which has been positive, and the high level of patient satisfaction, epiduroscopy can be
considered an extremely efficient procedure, and if performed by a well-trained therapist, is a safe means
of endoscopic diagnosis and therapy for spinal pain syndromes.

However, in order to ensure that epiduroscopy is effective, the pain therapist must have a well-found-
ed theoretical background, experience with the method and a high level of manual dexterity.

This guide has been written for doctors working in all specialties in both clinical and private practice
settings. It offers a hands-on introduction to the world of epiduroscopy and its use in the specific area of
pain medicine.

The book provides the reader with a brief overview of the latest options for endoscopic diagnostics
and treatment of spinal pain syndromes. The primary focus is on the basic features of the procedure.
Many details are mentioned only in passing. The major medical and technical foundations and special
methods in this discipline have been presented in a detailed and easy to understand manner. The tips and
advice presented here can be put into practice directly.

This textbook aims to provide helpful and supportive impulses for both novices and experienced
users of epiduroscopy. In addition, it intends to offer advanced users help with problems they may expe-
rience or issues they may encounter in their everyday work with EDS. This revised edition, now in Eng-
lish, should serve to provide a practical overview of epiduroscopic diagnostics and therapy of spinal pain
syndromes. The images in this textbook present examples of visualized findings. Supplementary material
is available as a DVD (G. Schiitze: Epiduroscopy. Multilingual DVD-ROM, ISBN 3-89756-757-1). In
addition to a detailed presentation of epiduroscopy (topographic and endoscopic anatomy, endoscopic
pathology, clinical applications of epiduroscopy, endoscopic equipment, preoperative measures, prepara-
tion, approach technique, additional diagnostic procedures, epidural irrigation, examination, epiduro-
scopic procedures, complications, golden rules, prognosis), the DVD also presents epiduroscopic find-
ings as an image atlas and video album. This DVD may be ordered free of charge from Karl Storz GmbH
& Co. KG, Mittelstrafle 8, 78532 Tuttlingen, Germany, www.karlstorz.com.

The theoretical overview is supported by the results from our clinical experience with epiduroscopy.
They underscore the merit of incorporating this new, intelligent form of diagnosing and treating spinal
pain syndromes into a multimodal strategy for modern, future-oriented and intelligent pain manage-
ment to benefit the chronic pain patient.



Table of Contents

Xl

1 Evolution of Epiduroscopy ............... 1
1.1 Definition ......ooooiiiiiiii i 4
1.2 Indications........ccoviiiiiiiiiiiiiiien 5
1.3 Contraindications ..........c..ocvviiiienn..n. 5
14  Ourownresults ........cooveviiinnienninnnen. 6
2 Epiduroscopic Diagnostics............... 9
2.1 Clinical relevantanatomy.................... 10
2.1.1 Epiduralspace........c.oooviiiiiiinininann.. 11
2.1.2 Spinalduramater ..............covviiiiian. 12
2.1.3 Ligamentum flavum.......................s 13
2.1.4 Blood vessels and lymphatics................ 13
2.1.5 Neural structures..........c..cevveinnennnn... 14
2.1.6 Posterior longitudinal ligament.............. 15
2.1.7 Fattytissue..........ooviiiiiiiiiniiiinn.. 16
2.2 Endoscopicanatomy ............c.coviinnn.n. 16
2.2.1 Spinalduramater .............ooviiiinian.. 16
222 Fattytissue........coooviiiiiiiininninnnne 16
2.2.3 Neural structures.........cooeevveennennnen.. 18
2.24 Ligamentumflavum.......................s. 19
2.2.5 Posterior longitudinal ligament.............. 19
2.2.6 Bloodvessels.........ccoveviiiiiiiiniinn... 20
23 Endoscopic pathology...............coune.n. 21
2.3.1 Pathological endoscopic findings............. 21
232 Ourownresults .......c.coveuiiiiniiinennnenn. 28
24 Histopathology.............cooovviiiiniin 29
2.4.1 Histological findings......................... 30
2.4.2 Microbiological diagnostics.................. 31
3 Additional Imaging Diagnostics......... 37
3.1 Computed tomography (CT)................. 38
3.2  Magnetic resonance imaging (MRI) .......... 38
33  Myelography........coviiiiiiiniiinennn... 39
34 Discography.......c.cooeuiiiiiiiiiiiiniina.. 39
3.5 Ourownclinicalresults...................... 39
4 Functional Epiduroscopic

Diagnostics .....oovviiiiiiiiiiiiiiinn, 43
4.1 Diagnostic blocks and laser-evoked

potentials..........coviiiiiiiiiii 44
4.2 Epidural pain provocation test (EPPT)........ 44
421 Ourownresults .........cooviiviiinniiinn. 45

5.1

5.11
5.1.2
513

52

53
54
5.4.1

54.2
55
5.5.1

552
553
554
555
5.6

6.1
6.1.1
6.1.2
6.2
6.2.1
6.2.2
6.2.3
6.2.4
6.3
6.3.1
6.3.2
6.4
6.4.1
6.4.2
6.4.3
6.4.4
6.5
6.6
6.7

Epiduroscopic Equipment and Surgical

Setting.....oovviiiiiiiiiiiiiiiii 47
Technical aspects...........oovviiiiininn.. 48
Structure and function of endoscopes ....... 48
Epiduroscopes .........cooiiiiiiiiiiiiiin... 51
Reprocessing epiduroscopic

eqUIPMENT . ..t e 54
Camera and video technology/DVD/

CD-ROM .o 58
Documentation ... 59
Work station ..........cooviiiiiiiiiiii 60
Technical assistance in the operating

7o 2 60
Instrumentarium ... 61
Preoperative management .................. 63
Preoperative history, clinical examination

and anesthesiological evaluation ............ 63
Electrophysiological tests.................... 64
Othertests......covveieiiiiiiiiiinennens 64
Standards for hygiene ....................... 65
Positioning.......ccooviiiiiiiii 65
Anesthesia management .................... 66
Performing Epiduroscopy............... 67
Accessing the epidural space ................ 68
Puncture technique ................coooilt 69
Our own experience with epiduroscopy...... 69
Epidurography ... 73
Definition .......covviiiii i 73
Indication........ovvviiiiiiiii i 73
Contraindications ............ccovviiennn... 73
Epidurography management ................ 74
Epidural irrigation....................oo 76
Salineinfusion ... 76
Epidural pressure...........cooovviiiiinn... 76
Segmented epidural examination............ 77
Examining sacral segments.................. 77
Examining lumbar segments................. 78
Thoracic examination........................ 78
Cervical examination ........................ 79
Concluding epiduroscopy ..........cooeeun... 80
Follow-up epiduroscopy.........c.covevueenn.. 80

Ultrasound-assisted epiduroscopy
(SONO-EDS) ..t vveeeeiiiee i 83



Xi

6.7.2
6.7.3
6.8

7.1
7.2
7.2.1
7.3
7.3.1
7.3.2
733
734
735
74

74.1

74.2

74.3
744

74.5
7.5
7.6

77

7.8

10

11

12

Table of Contents

Ultrasonography in anesthesia and

painmedicine............ooiiiiiiiiin 83
Epidural sonography ........................ 84
Ourownresults .......cooveeienniineenn... 85
MyeloSCopY .. .vvveeei e 87
Treatment Strategies ................... 89
Context..oovviiiiiii 90
Spinal pain syndromes ...................... 91
Treating spinal pain syndromes.............. 91
Epiduroscopic interventions ................. 94
Epiduroscopic catheter management........ 92
Indications ........oooiiiiiiiii i

Technique.......cooviiiiii i

Complications. .......cveiiiininiininann

Our own experience
Endoscopically assisted epidural
analgesic therapy (EAT) - spinal

endoscopic adhesiolysis.................... 101
Indications ..........cooviiiiii i 102
Drugs used in epidural analgesic

therapy ...oovvviiii i 102
Pharmacologic options..................... 104
Performing epidural analgesic therapy

(BAT) et 106
ReSUIS ..o vvee e 107
Epidural laser adhesiolysis.................. 108
Epiduroscopically assisted electrode
implantation ............cooeiiiiii 110
Epiduroscopic (pulsed) radio frequency

therapy .....ooovviiiiii 113
Neurolysis. .....ooeuvirneii i 114
Complications.........coevvveeiinennnnn 117

Costs and Benefits of Epiduroscopy ....123
Training Program for Epiduroscopy..... 127
Recommendations for Epiduroscopy ... 131
The Future of Epiduroscopy............ 133
Literature .........cooviiiiiiiinie, 137

SubjectIndex .........coeviiiiiiie, 147



Evolution of Epiduroscopy

1.1 Definition - 4
1.2 Indications - 5
1.3 Contraindications - 5

14 Ourownresults - 6



2 Chapter 1 - Evolution of Epiduroscopy

The development of endoscopy from the invention
of the first real endoscope by Adolf Kussmaul in
1868 to the presentation of the first flexible fiber-
glass endoscope by Hirschowitz at the 1958 World
Congress for Gastroenterology in Washington,
D.C. is a medical milestone.

Its history was launched by Frankfurt physi-
cian Phillip Bozzini, who constructed the first
rigid medical endoscope in 1806. In 1855, French
physician Antonin ]. Desormeaux replaced the
candle Bozzini had used as a light source with a
kerosene lamp, thus refining the »Bozzini« en-
doscope. In 1879, German physician Maximilian
Nitze presented the »cystoscope,« which he had
produced with the help of the Austrian craftsman
Josef Leiter, marking the beginning of the applica-
tion of endoscopy in clinical practice with a rigid
endoscope. B.I. Hirschowitz then developed the
first flexible endoscope in 1958, a milestone in
medicine, which gave rise to meteoric advances in
diagnostics and therapy, evolving from a combina-
tion of intuition and meticulous observation on
the part of committed researchers, as well as sheer
coincidence, egregious errors, false assessments
and misinformation.

Endoscopic examination of the epidural space
is still a relative fledgling technique with regard
to clinical application. However, experiments for
visualizing the spinal canal have already been car-
ried out for over 60 years.

Pioneer work was performed by Burman, who
used arthroscopic instruments to inspect cadaver
vertebral columns. The first myeloscope used on
patients was developed by Stern (1936). Pool re-
ported on the first clinical application of my-
eloscopy in 1937 and by 1942, had examined 400
patients using this technique. In a large number
of cases conditions such as neuritis, herniated
disc, neoplasms, adhesions and venous congestion
could be diagnosed. Despite these encouraging
results, there were no further reports on myelos-
copy in the literature until the late 1960s. This is
especially surprising considering the lack of com-
peting methods in this pre-CT era and the relative
ease with which myeloscopy can be performed.
Saberski attributed this to the introduction and
widespread application of myelography and the
fact that findings could not be photographically

documented. Starting in 1967, the Japanese re-
searcher Ooi restored the focus on myeloscopy.
Between 1967 and 1977, he examined 208 patients
with an instrument that combined a flexible light
source with rigid optics. In the years that followed,
Blomberg, Olsson, Holstrom and Mollmann et al.
the epidural space of both human cadavers and
live patients.

The key breakthrough for clinical application
of spinal endoscopy - epiduroscopy (EDS) - was
the development of small-caliber, flexible optics
and light sources.

In 1991, Heavner et al. reported on endo-
scopic examinations of the epidural and spinal
space of rabbits, dogs and human cadavers using
a flexible endoscope. Epiduroscopic technology
with flexible optics has been used in clinical ap-
plication on patients since the early 1990s. In
1993, Leu reported on peridural and intraductal
endoscopies in patients in whom the sacral ap-
proach technique was used. In addition to diag-
nostics, endoscopy can also be used for thera-
peutic intervention. Kizelshteyn et al. reported
on the adhesiolysis of epidural adhesions with an
epidural balloon catheter system in animal ex-
periments. The use of an epidural catheter to lyse
epidural adhesions under radiological control has
been reported as well.

In 1994, Schiitze and Kurtze published results
of the first video-optic examinations of the epi-
dural space in chronic patients with a »flexible
catheter-secured epiduroscopic unit.« Between
February and August 1992, the lumbar epidural
spaces of 12 patients with various pain syndromes
were examined endoscopically before placing an
epidural catheter. A flexible catheter-secured epi-
duroscopic unit was developed for visual examina-
tion of the epidural space (BFig.1.1). This exami-
nation unit consisted of an ultralow bore 0.8-mm
fiberscope with an aperture angle to a Karl Storz
Endovision 9050, a camera control unit (CCU),
and a VHS videorecorder and monitor. The irriga-
tion system consisted of a catheter (1.1x1.7 mm,
350 mm long) with a 3-way stopcock. An infusion
pump system was used for epidural irrigation with
sterile 0.9% saline solution. The epidural space was
punctured with a 14-gauge Hustead needle. The
flexible catheter-secured epiduroscopic unit was
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Fiberscope

Catheter

B Fig. 1.1. Flexible epiduroscope, used for epidural diagnostics in chronic pain patients for the first time in 1992

B Fig. 1.2. First picture of the epidural space with pathological
structures (tissue filaments) from the flexible catheter-secured
epiduroscopic unit (1992)

then introduced into the epidural space through
this needle. During the examination, the epidu-
roscope was advanced a total of 5 to 8 cm in a
cephalad direction (B Fig. 1.2).

In 1996, the U.S. Food and Drug Administra-
tion (FDA) approved epiduroscopy for visualiza-
tion of the epidural space.

In 1997, Schiitze published the first report on
epiduroscopically assisted SCS electrode implanta-
tion. Ruetten et al. reported on clinical application
of epiduroscopically assisted laser therapy for post-
nucleotomy syndrome.

Michel and Metzger reported in 1997 that EDS
is advantageous because it can be used to assess the
epidural pathology. In 1999, Winston C.V. Parris
of the University of South Florida in Tampa stated
that epiduroscopy is a technique that may domi-
nate in the new millennium. In 2000, Ovassapian
wrote that the role of epiduroscopy for chronic
back pain is explored

In the same year, Schiitze reported on the
method and described the results of a retrospec-
tive examination of 165 epiduroscopies. In 2001,
the same author reported on ultrasonography-
assisted epiduroscopic examinations.
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B Fig. 1.3. The first cervical epiduroscopy performed with a
brand new 90-cm epiduroscope (KARL STORZ, Germany), Feb-
ruary 16, 2006, Pain Clinic Iserlohn, (Picture-in-Picture tech-
nique)

In June 2000, Igarashi et al. reported on epidu-
roscopic examinations in 52 pregnant women.

In 2004, Schiitze described over 500 epiduro-
scopies in chronic pain patients. This publication
described endoscopically assisted epidural analge-
sic therapy as well as the treatment of painful epi-
dural fibrosis and adhesions with laser technology.
Lorinson et al. (2006) described percutaneous epi-
duroscopy in dogs. Graziotti (2007) reported that
he had performed nearly 300 epiduroscopic inter-
ventions. The launch of the flexible epiduroscope
with FLEX-X? technology in 2005 made it possible
to effectively carry out diagnostics and treatment
in the entire epidural space, from the sacral to the
cervical segments (B Fig. 1.3).

2006 saw the publication of the first book
on epiduroscopy, G. Schiitze’s Epiduroscopy - A
practice-oriented guide to epiduroscopic diagnostics
and therapy of spinal pain syndromes. Pabst Verlag.
ISBN 389967-252-6 (in German) and the DVD
Epiduroscopy ISBN 3-89756-757-1 (English and
German).

1.1 Definition

According to Schiitze, EDS is a percutaneous mini-
mally invasive endoscopic examination of the epi-
dural space that permits spatial and color imaging

of spinal anatomical structures such as the spi-
nal dura mater, blood vessels, connective tissue,
nerves and fatty tissue. Pathological structures and
changes such as adhesions, sequesters, inflamma-
tory processes, fibrosis and stenosing processes
can also be described via endoscopy.

The following definition of epiduroscopy was
approved in 2002 in line with the international re-
commendations of September 17, 1998 in Iserlohn,
Germany, the conference of experts of October 3,
1998 in Bad Diirkheim, Germany, the consensus
conference in Innsbruck, Austria, in 2001:

»Epiduroscopy is a percutaneous minimally in-
vasive endoscopic examination of the epidural space
that can also be used for therapeutic inventions.«

The consensus committee [D. Beltrutti (Italy),
G.]. Groen (The Netherlands), L. Saberski (United
States), A. Sander-Kiesling (Austria), G. Schiitze
(Germany), G. Weber (Austria)] of the Consensus
Conference held in Graz, Austria, on March 3 and
4, 2006 and organized by the World Initiative on
Spinal Endoscopy (WISE), agreed on the following
definition:

Epiduroscopy (EDS) or spinal (canal) endoscopy
is defined as a percutaneous minimally invasive
endoscopic investigation of the epidural space
with the assistance of a flexible endoscope
introduced through the sacral hiatus. It allows
visualization of normal anatomical structures,
such as the dura mater, blood vessels, connec-
tive tissue, nerves and fatty tissue, as well as of
pathological structures, such as adhesions, se-
questers, inflammatory processes, fibrosis and
stenotic changes. It permits potential targeted
treatment, such as delivery of epidural steroids,
epidural catheter placement, SCS electrode
implant and application of cytokine-targeting
drugs. In addition to epiduroscopy, other analy-
ses, such as biopsy or aspiration are possible.

I understand epiduroscopy to be an integral com-
ponent of invasive pain management. It can serve
as an important diagnostic procedure and sup-
portive treatment option in a multimodal, multi-
disciplinary pain management strategy if indicated
and if risks and possible side-effects are take into
account.
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1.2 Indications

A major task for the pain therapist involves treat-
ing unexplained pain symptoms.

Spinal pain syndromes do not disappear by
simply ignoring them. On the other hand, they are
resistant to a number of treatments. Zenz empha-
sized the importance of spotting the yellow and
red flags and of carrying out in-depth and compre-
hensive pain diagnostics.

It can be extremely difficult to classify and
treat chronic spinal pain syndromes when there is
no explanation for the pain. Epiduroscopy offers a
technique for diagnosing and treating spinal pain
syndromes. It makes sense to distinguish between
diagnostic and therapeutic indications for epidu-
roscopy:

Diagnostic indications

The main indication for epiduroscopy is for
diagnosis of spinal pain syndromes. This may
involve distinguishing pathological and ana-
tomical structures and circumstances, such as
epidural fibrosis following invasive procedures
and radiculopathies, performing biopsies and
smears, removing irrigation fluid, as well as
performing an epidural pain provocation test
(EPPT).

Therapeutic indications

Therapeutic indications for epiduroscopy include
procedures such as direct application of pharma-
cologic therapy, lysis of scar tissue, catheter place-
ment (epidural, intrathecal) and implantation of
stimulation electrodes (radio frequency therapy,
spinal cord stimulation) under direct vision, in
the case of problematic passage through the epi-
dural space or if placement is not possible or too
risky for the patient during radiological proce-
dures. Support during minimally invasive surgical
procedures is another therapeutic indication for
epiduroscopy.

In 2006, the consensus committee of the World
Initiative on Spinal Endoscopy (WISE) defined the
following indications:

Indications for spinal endoscopy (WISE):

To improve diagnosis:
Diagnosis of clinically relevant epidural pa-
thology, if pain can be attributed to epidu-
ral space (spinal canal) structures based on
current history, physical examination and
supportive present day laboratory investi-
gations
Biopsy for histopathological and/or histochem-
ical analysis
Provocative stimulatory tests (e.g. electrical,
light, mechanical)

To provide (potential) treatment:
Irrigation
Direct application of therapeutic agent
Direct lysis of adhesions/scar tissue with physi-
cal or chemical agents (e.g. mechanical, phar-
macological, laser, radio frequency)

As a supportive tool:
Placing catheter systems (epidural, spinal)
Implanting stimulation electrodes (spinal cord
stimulation)
As an adjunct in minimally invasive surgery
Retrieval of foreign bodies
(Potentially) for postoperative assessment

At our clinic, epiduroscopy has become an integral
component for the diagnosis and treatment of spi-
nal pain syndromes. We believe that it should be
used as a »first-line« treatment.

In the case of equivocal, contradictory clinical
and/or radiological findings, epiduroscopy should
be used as early as possible to counteract pain chro-
nicity in patients with spinal pain syndromes.

1.3  Contraindications

The contraindications for epiduroscopy corre-
spond to those for epidural regional anesthesia
techniques. In addition, the particular anatomical
circumstances of the patient must be taken into
account.

The major contraindications for epiduroscopy
are listed below:

Bleeding tendency

Therapy with anticoagulants



6 Chapter 1 - Evolution of Epiduroscopy

Infections in the area of the puncture site
Special neurological disorders

High risk of cardiovascular disease
Patient’s refusal to undergo the procedure

The recommendations of the German Association
for Anesthesiology and Intensive Care Medicine
for epidural regional anesthesia and thromboly-
tics/anticoagulation and the required time inter-
val between administration of anticoagulants and
peridural/spinal puncture and removal of a peri-
dural catheter should also be observed.

In 2006, the consensus committee of the World
Initiative on Spinal Endoscopy (WISE) defined the
following contraindications:

Absolute contraindications. Psychiatric diseases
that potentially interfere with informed consent
and/or perception of pain, retinal disease, presence
of or increase in intracranial pressure, pregnancy,
manifest bowel and bladder dysfunction and sen-
sory disturbances in the S2-S4 area, congenital
anomalies that do not permit safe endoscopy, cere-
brovascular disease, renal or liver insufficiency,
inflammatory or dystrophic skin lesions in the area
of the sacral canal (anal fistula, sacral osteomyeli-
tis, etc.), meningeal cysts, meningoceles, menin-
gomyeloceles, respiratory insufficiency
(COPD), known allergies to the drugs required to
implement epiduroscopy, unstable angina pectoris,
malignant tumors.

severe

Relative contraindications. Coagulopathy, psy-
chiatric diseases that potentially interfere with in-
formed consent and/or perception of pain, inability

to lie in a prone position for more than 60 minutes,
severe respiratory insufficiency (COPD), drug or
alcohol abuse, etc.

1.4 Our own results

In our patient population, which to date numbers
more than 1600 epiduroscopies, the primary indi-
cations for epiduroscopy are epidural diagnostics
and targeted epidural analgesic therapy for chronic
spinal pain syndromes.

Over 64% of the 1130 epiduroscopies evalu-
ated in 2005 involved patients who had undergone
spinal surgery. In the majority of these patients,
symptoms were classified as failed back surgery
syndrome (FBSS, ICD-10 M96.1). Thirty-five per-
cent of the patients undergoing epiduroscopy suf-
fered just as frequently from chronic back pain
and other chronic pain requiring epidural catheter
placement for pain management (EAT).

Another frequent therapeutic indication for
epiduroscopy was primary epidural surgical pain
management, such as biopsy, adhesiolysis or the
resection of scar tissue.

In 22% of the patients with clinically and radio-
logically equivocal spinal pain syndromes under-
going epiduroscopy, the diagnosis was confirmed
by the epiduroscopy or the histological examina-
tion of a tissue specimen from the epidural space.
In this special group of patients, the diagnosis of
radiculopathies is another important indication for
epiduroscopy.

Since the introduction of our laser pain prov-
ocation test (LPPT) in 2004, this test has been

B Table 1.1. Primary diagnoses of 230 patients undergoing EDS at the Iserlohn Pain Clinic in 2006

Number of patients ICD-10 classification

Diagnosis

134 M 96.1 Postlaminectomy syndrome, not elsewhere classified
66 M51.2 Other specified intervertebral disc displacement

55 M 48.0 Spinal stenosis

6 M 50.1 Cervical disc disorder with radiculopathy

7 M 50.2 Other cervical disc displacement

13 M54.5 Lumbar pain
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performed in 70% of the epiduroscopic examina-
tions in order to confirm or rule out the pain rel-
evance of pathological structures in the epidural
space.

In a further study carried out in 2006 on 230
patients undergoing EDS, the youngest patient was
16 years old and the oldest patient was 86 years
old. The ratio of men to women was 45% to 55%.
Over 58.2% of the 230 epiduroscopies evaluated
in 2006 involved patients with postlaminectomy
syndrome (M96.1). B Table 1.1 presents a list of the
diagnoses of the 230 patients undergoing epiduro-
scopy at the Iserlohn Pain Clinic in 2006. In 78%
of the patients, epiduroscopy was used to examine
the lumbar region, in 12% the thoracic region and
in 10% the cervical region. In several cases, more
than one diagnosis was made. During this period,
microbiological laboratory tests were also carried
out during all 230 EDS.
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2.1 Clinical relevant anatomy

The familiar shape of the spinal canal is character-
ized by various bends in the spinal column. In the
areas with the greatest flexibility, such as the cervi-
cal and lumbar region, the spinal canal is triangular.
In the thoracic region, where there is a low degree
of flexibility, the spinal canal is round. The spinal
canal is delimited ventrally by the individual verte-
brae and the intervertebral discs. The spinal canal
is delimited dorsally by laminae, the ligamentum
flavum and the vertebral arches. Lateral delimita-
tion is rendered by the pedicles and the laminae.
In the area of the spine, several bands that span
vertebrae can be distinguished, such as the supra-
spinous ligament, the anterior longitudinal ligament
and the posterior longitudinal ligament. The su-
praspinous ligament runs over the tips of the spinal
processes from C7 to the sacrum. The interspinal
ligaments, which are attached to the spinous pro-
cesses, the ligamentum flavum, which is attached to
the vertebral arches, and the posterior longitudinal
ligament, which runs within the spinal canal along
the dorsal surface of the vertebrae, and the anterior
longitudinal ligament, which runs ventrally along
the vertebrae, are the most important intervertebral
ligaments. The spinal canal contains the epidural,
subdural and subarachnoid space.

Of primary interest for endoscopy is the ac-
tual epidural space (BFig.2.1), also referred to as

the peridural space, cavum epidurale or spatium
epidurale. The space is formed at the great oc-
cipital foramen and ends in segment S2-S3 in the
sacral hiatus in combination with the sacrococ-
cygeal ligament.

In addition to familiarity with the anatomy of
the epidural space, an important precondition for
proper implementation of epiduroscopy is a secure
technique for accessing the sacral canal. Safely ac-
cessing the epidural space for surgery and examina-
tions requires skill and experience on the part of
the physician. The technique cannot be learned by
simply reading books. In addition to dexterity and
experience, basic knowledge of the topographic
anatomy of the region is a basic precondition for
performing the procedure. The sacrum is a fu-
sion of the five vertebrae S1-S5. The sacral hiatus,
which is important for the puncture, is located in
segment S5, whereby the apex can often reach up to
S4 and farther toward cranial. Important marking
points for locating the sacral hiatus also include the
sacral horns, which vary widely in size and often
cannot be used as a marking aid. The sacral hiatus
is covered by the sacrococcygeal ligament.

The wide range of anatomical variation in the
lumbar region may considerably complicate sacral
access to the epidural space. This problem can
only be solved by gathering extensive experience
in puncture and access technique and in epiduro-
scopic navigation.

Venous plexus and
radicular arteries

Posterior
longitudinal

ligament

Ligamentum
flavum

B Fig. 2.1. Topography of the epidural space
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2.1.1 Epidural space

Epidural space

In addition to the spinal cord, the vertebral ca-
nal contains the spinal dura mater, the arachnoid
mater and the pia mater. The three sheaths form
the subdural space, the subarachnoid space and
the epidural space.

Morphological findings regarding the epidural
space (spatium epidurale, cavum epidurale) de-
rived from anatomical specimens, X-ray examina-
tions, MRI, CT epidurography and our own results
of epiduroscopy are contradictory.

The literature shows that the anatomy of the
epidural space is hotly debated.

Newer literature divides the epidural space into
a posterior, lateral and anterior epidural space.
Bogduk and Twomey divided the lumbar epidural
space into a dorsal and a ventral compartment.
Luyendijk et al. published findings that describe a
membrane (plica mediana dorsalis) extending be-
tween the dorsal circumference of the spinal dura
mater and the ligamentum flavum. Savolaine et
al. also used computer tomography to distinguish
various differences in intensity of very delicate tri-
angular connective tissue structures with minimal
fat deposits and discontinuities. They also found
additional dorsolateral fiber tracts. Together with
the median fiber system, they emerge at the perios-
teum of the vertebra and then take an anterolateral
course. This forms a dorsomedian and a dorso-
lateral epidural compartment. The overwhelming
majority of incidents of failed contrast spread in
the epidural space could be explained by the ex-
istence of such connective tissue structures and
characteristics of the posterior epidural fat body.
According to findings from anatomical dissection
by Hogan et al., however, these are more likely to
be imaging artifacts, thus casting doubt on the ex-
istence of these membranes dividing the space. We
too have the impression that the anatomical find-
ings published by Luyendijk et al. are more likely
to have been brought about by the anomalies in
dissection and share the doubt that such dividing
membranes exist.

The epidural space is delimited by the spinal
dura mater to the spinal cord and by the ligamen-
tum flavum toward the spinous process. Fibrous
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tracts that extend from the posterior longitudinal
ligament to the inner epidural leaflet form a bar-
rier in the anterior epidural space between the
right and left areas. In the posterior epidural space
the inner epidural leaflet is loosely attached to the
vertebral arches by fibers. The anterior and pos-
terior connective tissue tracts have gaps that can
be linked by delicate membranes, which allows a
functional closure of the epidural space to form.
According to an examination by Hamid et al. in
2002, the anatomy of the epidural space differs
from that of the examined fetal stage in several
ways. In the fetus, the structures of the epidural
space are fully developed after 13 weeks; however,
incremental changes occur in the structures within
the connective tissue.

The size of the epidural space is also affected
by pregnancy. In epiduroscopic examinations of
pregnant women, Igarashi et al. observed that
the epidural space in pregnant women is smaller
than in women who are not pregnant. In pregnant
women in their final trimester, the proportion
of fibers and connective tissue was significantly
higher than in women who were not pregnant.
However, no differences in the amount of epidu-
ral fatty tissue could be observed. In the epidural
space there is a slightly negative pressure. The
negative intrathoracic pressure is first transferred
to the intervertebral space and from there into the
intervertebral foramina. Igarashi et al. reported
that under epiduroscopic conditions, the epidural
space expands when the patient breathes deeply.
The size of the epidural space reported in the lit-
erature ranges from 2.0 to 12.0 mm. In the area of
the cervical spine and the upper thoracic spine, the
epidural space is between 2.0 and 3.0 mm. In the
literature, a diameter of 3.0 to 6.0 mm is reported
for the mid-thoracic region and 4.0 to 6.0 mm for
the lower cervical spine and lumbar spine.

Subarachnoid space

The content of the subarachnoid space (cavum
subarachnoidale) consists of the spinal cord and
its offshoots, which are covered by the pia mater,
as well as the cerebrospinal fluid, which is enclosed
by the arachnoid mater and the blood vessels sup-
plying the spinal cord. The spinal dura mater and
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the arachnoid mater constitute a double layer that
forms the dural sac and encloses the cerebrospinal
fluid. Cranially, the spinal dura mater is attached at
the circumference of the foramen magnum and at
the dorsal surfaces of the C2 and C3 vertebrae. In
43% of adults the dural sac terminates at the tran-
sition from S1 to S2, in 32 percent in the middle of
S2 and in 23% at the transition from S2 to S3. In
some cases, the dural sac can even extend to the
transition from S3 to S4.

Subdural space

The tiny subdural space is formed by the spinal
dura mater and the arachnoid mater, which are
closely apposed. The subdural space is moistened
by a minimal amount of fluid. Shah and Heavner
reported that the subdural space is not an actual
space, but rather one that can be formed. Mechani-
cal force can tear neurothelial cells in the dura-
arachnoid interface and form a subdural space.

2.1.2 Spinal dura mater

The spinal dura mater consists of dense connec-
tive tissue, although it also contains elastic fibers
between which a mucopolysaccharide-rich basic
substance and fibroblasts are located. The dura,
with its external sheet of the lamina externa, lines
the spinal canal. The epidural space is located
between the inner layer of the spinal dura mater
(lamina interna) and the lamina externa of the
dura mater. The actual dural sac formed by the
dura mater generally extends from the foramen
magnum down to the level of the second sacral
vertebra. The dural sac is fused together with the
filum terminale internum and as the filum of spi-
nal dura mater, radiates down to the periosteum of
the sacrum. The spinal dura mater encloses both
the two roots of the spinal nerves and the spinal
ganglion.

Together with the arachnoid mater and the
pia mater, the spinal dura mater forms a coher-
ent uniform organ. Reina et al. took samples from
the dural sac of the spine from human cadav-
ers between 65 and 72 years old. They examined
the samples with a scanning electron microscope,

which showed that the dural sac consists of the
arachnoid mater and dura mater with a thickness
of 100 to 150 pm.

The inner layer of the epidural space is com-
posed of the spinal dura mater. Together with the
spinal arachnoid mater and the spinal pia mater,
the spinal dura mater encloses the spinal cord and
the anterior and posterior nerve roots. Upon enter-
ing the anterior and posterior nerve roots through
the epidural space, the dural sheath becomes the
epineurium of the spinal nerve roots. The external
layer of the dura mater consists primarily of col-
lagen fibers that run alone or in groups in all three
directions, longitudinal, horizontal and transverse.

Dittmann et al. used scanning electron mi-
croscopy to visualize the spinal dura mater. Their
findings contradict the classic findings that present
the course of the fibers in the spinal dural mater
as parallel and longitudinal in the tangential. The
group of Dittmann, Reina, Lopez Garcia observed
that in the outer (epidural) layer of the spinal dura
mater, the collagen fibers are bundled together
in bands that run in all directions. Elastic fibers
2 mm thick are woven into this three-dimensional
network of collagen systems. On the inside (the
arachnoid side) thin collagen fibers are fused into
layers such that the innermost layer resting on the
arachnoid mater has a smooth, shiny appearance
comparable to that of a serosa. It is attached to the
actual dura with a band of connective tissue. Rem-
nants of the subdural neurothelium contribute to
the smooth appearance of the surface aspect.

The thickness of the spinal dura mater is re-
ported to be 1.0 to 1.5 mm in the regional of the
cervical spine, 1.0 mm in the mid-thoracic spine
and 0.3 to 0.7 mm in the region of the lower tho-
racic spine and lumbar spine.

One of the most important functions of the
spinal dura mater is providing mechanical, ther-
mal and immunological protection. The mechani-
cal protective function of the spinal dura mater
consists in anchoring the spinal cord in the spinal
canal and in forming an adaptable fluid casing.

Arachnoid mater

The arachnoid mater is a very delicate, vessel-poor,
connective tissue-like set of threads consisting of
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the arachnoid trabeculae and membrane covered
by endothelium on both sides. The arachnoid
mater is separated from the pia mater, which lies
directly below it, by the cerebrospinal fluid.

After leaving the intervertebral foramen, the
arachnoid mater forms the perineurium of the
spinal nerves along with the spinal dura mater and
the pia mater. The arachnoid mater is closely ap-
posed to the dura mater; however, it may become
quite distended as a subdural space in the case of
bleeding and other events.

Clinical practice often reports cases in which
epidural catheters accidentally reach the subdural
space when they are placed using conventional
techniques.

Pia mater

The pia mater is closely apposed to the spinal
cord and the spinal nerves and is attached to the
spinal nerves at the side. Together with the spinal
dura mater and the arachnoid dura mater, the pia
mater forms the connective tissue ensheathes the
spinal nerves. The pia mater is separated from the
arachnoid mater by the cerebrospinal-fluid filled
subarachnoid space.

2.1.3 Ligamentum flavum

The yellowish elastic ligamentum flavum stretches
between each of two posterior parts of the verte-
bral arches dorsally into the articular processes
and covers the interlaminar foramen.

In the lumbar region, the interlaminar foramen
is nearly round. It becomes increasingly flatter in
the thoracic, cervical and sacral regions.

The ligamentum flavum plays a special role in
the practice of regional anesthesia. This is because
in the technique used to perform epidural anesthe-
sia, the ligamentum flavum needs to be punctured
with the correct technique (loss of resistance tech-
nique), for instance, from the lumbar to the cervical
spine region, in order to reach the epidural space.

According to studies by Bromage, the great-
est distance between the ligamentum flavum and
the spinal dura mater is 5.0 to 6.0 mm in the L2
region. Near C7, the distance is between 1.5 and
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2.0 mm. In the cervical region, the ligamentum fla-
vum is relatively thin and becomes thicker toward
the caudal aspect.

The ligamentum flavum consists of genuinely
elastic connective tissue similar to that in the liga-
mentum nuchae and the vocal ligament, as well as
that of the ligamentum suspensorium of the penis.
The elastic fibers, arranged like a lattice, give the
ligamentum flavum its yellowish color. Pathologi-
cal changes in the area of the ligamentum flavum,
such as thickening or cysts can lead to stenoses in
the spinal canal or root compression.

2.1.4 Blood vessels and lymphatics

Arterial blood vessels. The arterial vessels in the
epidural space are branches of the spinal rami
from the intercostal arteries. The spinal ramus di-
vides into three branches after passing through the
intervertebral foramen, the anterior and posterior
vertebral canal arteries for the spine and the con-
tents of the epidural space, and the neuromedul-
lary artery for the spinal cord and its sheaths. The
posterior spinal canal artery supplies the vertebral
arch and the ligamentum flavum. The anterior
spinal canal artery bifurcates into the ascending
and descending rami, which anastomose with the
arteries of the opposing side and the neighbor-
ing segments. After giving off smaller branches
to the posterior longitudinal ligament, they then
penetrate the posterior surface of the vertebrae as
posterior central rami.

Venous blood vessels. In addition, there are
heavily branched, valveless internal vertebral ve-
nous plexuses arranged in a ring-like manner. At
each vertebral level, each of these venous plexuses
receives a venous influx from the spinal veins,
vertebral veins and veins of the vertebral arch. The
epidural venous plexus forms a vertically arranged
network. The venous plexus is reinforced by the
anastomized intervertebral veins. The venous sys-
tem is finally drained into the superior vena cava
via the azygos veins and the hemiazygos veins.
This anastomosing venous network provides con-
nections to the deep veins of the neck and head
cranially as well caudally via venous connections
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to the veins of the pelvis. The epidural venous
plexus provides a flexible cushion for the dural sac,
which balances its fluctuations in volume.

Lymphatics. The lymphatics in the epidural space
are located in the nerve root. Lymph drainage
takes place through the intervertebral foramina
into the deep cervical, intercostal, lumbar and pre-
sacral lymph nodes.

The epidural vascular network, along with a
dense vascular supply of the spinal dura mater to
the extravertebral venous plexuses, provide favor-
able anatomical conditions for reasonable thermo-
regulation of the spinal cord through the venous
blood and the liquid sheath provided by the cere-
brospinal fluid.

2.1.5 Neural structures

In the epidural space, spinal nerves give off a thin
sinuvertebral meningeal ramus. With their fine
branches, the meningeal rami supply the perios-
teum of the vertebral canal, the spinal dura mater,
epidural vessels and the posterior longitudinal liga-
ment. The epidural space is innervated by a heavily
branched multisegmental neural plexus. Its origin
is in the sympathetic trunk, the communicating
rami of the spinal nerves and perivascular nerves.
The sensory innervation of the dorsal epidural
space takes place via the lateral and medial rami of
the dorsal ramus of the spinal nerves and the com-
municating rami.

The fact that the nerves of the cauda equina
at the end of the internal layer of the dura enter
the epidural space at the S1-S2 level is significant
for epiduroscopy not just from the point of view
of topography and anatomy, but from a clinical
perspective. In the child, the spinal cord extends
to L3 and the dural sac to L4, farther than in the
adult (L2).

Spinal cord

The axial part of the central nervous system is
composed of the spinal cord, whose average length
ranges from 42 to 54 cm. It runs from the cranial
surface of the atlas to the upper border of the second

lumbar vertebra. The spinal cord consists of 30 spi-
nal segments (8 cervical, 12 thoracic, 5 lumbar and
5 sacral). With their meningeal processes, all spinal
segments, with the exception of the sacral segments,
branch off through the epidural space from the
subarachnoid space. The distal end of the spinal
cord transitions into the filum terminale, extending
to the end of the dural sac in the spinal canal.

The cauda equina is formed by the nerve roots
that, along with the filum terminale, extend down
to their exit sites.

The dural sac (theca), which sheathes the spi-
nal cord, is the continuation of the dura mater of
the intracranial space. It ends in the middle of the
sacrum. In addition to the spinal cord, the filum
terminale and the cauda equina, the dural sac also
encloses the stub-shaped lateral protrusions of the
two roots of the spinal nerves and the spinal gan-
glion. The blood supply of the spinal cord is pro-
vided by the anterior spinal artery and the paired
posterior spinal artery. The afferent vessels from
the vertebral artery and the intercostal arteries run
through the intervertebral foramina as ventral and
dorsal radicular arteries and have varying calibers.
Many of them are even obliterated. Numerous
anastomoses exist between the dorsal and the ven-
tral vascular area of the spinal cord.

Cerebrospinal fluid. The cerebrospinal fluid pro-
duced in the choroid plexus of the fourth ventricle
reaches the subarachnoid space via the median
aperture and the lateral apertures. The clear and
colorless cerebrospinal fluid fills the internal cavi-
ties of the CNS and the subarachnoid space from
the brain and spinal cord, offering mechanical
protection and serving to balance fluctuations in
temperature and hydrostatic pressure.

Cerebrospinal fluid is a watery solution whose
individual components have a composition com-
parable to that of the interstitial space. The total
volume of fluid is approximately 150 mL. The
individual volume of fluid is variable and is de-
pendent on changes in intraabdominal pressure
and changes in the filling status of the epidural
veins, as well as other factors. Carpenter et al.
reported considerable variation in the individual
lumbosacral fluid volume of 42 mL to 8 mL based
on magnetic resonance imaging.
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Higuchi et al. reported a volume of lumbosacral
fluid in 40 patients that ranged from 20.5 mL to
61.6 mL. Cerebrospinal fluid is not static. It is sub-
ject to a balance from production and reabsorp-
tion. At the level of the spinal cord it also moves
in a flow. The fluid column oscillates in direct de-
pendence on the arterial pulsation. The amplitude
of the fluid movement decreases from cranial to
caudal and measures approx. 0.4 mL/systole at the
level of the thoracic transition.

Spinal nerves

The cervical, thoracic, lumbar, sacral and coccy-
geal nerves arise from the spinal cord. Each spinal
nerve is created by the unification of two nerves,
the anterior spinal nerve or radix ventralis and the
posterior spinal nerve or radix dorsalis.

Within the intervertebral canal, the short trunk
of the spinal nerves divides into four branches:

ramus meningeus, a branch that innervates the

dura mater

ramus dorsalis, which innervates the erector

spinae

ramus ventralis, the branch of the spinal nerves

located closest to the front

ramus communicans albus, a branch of the spi-

nal nerves that provides the connection to the

sympathetic trunk.

Root

The two lateral longitudinal sulci of each side of
the spinal cord are caused by the anterior and
posterior roots of spinal nerves. Each spinal nerve
connects with the spinal cord with two roots, an
anterior root, the radix ventralis and a posterior
root, the radix dorsalis.

While the spinal nerves contain both afferent
(sensory) and efferent (motor) fibers, the two
types of fibers connect with the spinal cord sepa-
rately through the two roots of the spinal nerves,
so that the anterior root contains the motor fibers
and the posterior root contains the sensory fibers.
Just before the union of the two roots to form
the trunk of the spinal nerves, the posterior root
develops into the spinal ganglion. Each root of
a spinal nerve consists of 5-10 bundles of nerve
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fibers, the root fascicles, which run together to
the particular intervertebral foramen in a fan-
like manner. The ventral roots are formed by
numerous fine bundles lying next to each other in
two to three vertical rows, while the dorsal roots
are formed by several stronger bundles lying
in a row.

2.1.6 Posterior longitudinal ligament

The posterior longitudinal ligament, which is
tightly attached to the posterior wall of the verte-
brae, bridges the back part of the vertebrae along
the body axis. In the cranial region, the posterior
longitudinal ligament is broader than in the cau-
dal region. In the lumbar region, it narrows to a
thin strip. Connective tissue trabeculae connect
the spinal dura mater with the wall of the spinal
canal, especially with the anterior longitudinal
ligament.

According to studies performed by Bertram et
al., the longitudinal ligament consists of two layers.
A deep layer is segmental, diamond-shaped in the
region of the motor segments and inserts at the in-
tervertebral discs, the margins of the neighboring
vertebral bodies and the posterior surface of the
vertebral bodies.

Many of these epidural connective tissue tracts
contain nerve fibers that arise from the neural
plexus of the anterior longitudinal ligament and
merge into the dense nerve fiber network of the
spinal dura mater. Innervation takes place via
the sinuvertebral nerves, which are recurrent
branches of the ventral rami. The sinuvertebral
nerves (rami meningei) spread out in the area of
the posterior longitudinal ligaments and anterior
polysegmental ligaments. Faustmann used ex-
perimental immunohistochemical and molecular
biological examinations of spinal muscles during
an operation for failed back surgery syndrome to
determine that myelinized nerve fibers and posi-
tive neuronal markers for pain-leading fibers were
also positive in the dorsal region of the anulus
and the posterior longitudinal ligament. Interest-
ingly, nerve sprouting into the nucleus pulposus
of the degenerated disc was found. Innervation
takes place via the sinuvertebral nerves, which
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are recurrent branches of the ventral rami. They
spread out, plexus-like, in the area of the posterior
longitudinal ligaments and anterior polysegmen-
tal ligaments.

2.1.7 Fatty tissue

In addition to the internal vertebral venous plexus,
the main component of the epidural space is epi-
dural fatty tissue. The fatty tissue forms an ideal
pressure cushion for the spinal structures. The
epidural fatty tissue offers an excellent depot for
drugs that are administered in the epidural space.
During implantation of electrodes and catheters,
the epidural fat protects the dura mater from per-
forations caused by the implanted tip of the elec-
trode or catheter (B Fig.7.1a-d).

The distribution of fat in the epidural space
varies widely and does not correlate with the over-
all fat distribution in the rest of the body.

2.2 Endoscopic anatomy

2.2.1 Spinal dura mater

In the endoscopic picture, the spinal dura mater
appears as a blue-gray or gray-white connective
tissue structure (B Fig.2.2, 2.3a,b) with small blood
vessels on the surface. The thickness of the spinal
dura mater varies depending on the particular
segment under examination. The thickness of the
dural wall ranges from a maximum of 1.5 mm, as
we observed, to near transparency in the intrathe-
cal space. The elasticity of the spinal dura mater is
very easy to determine by triggering the »tenting«
phenomenon. A catheter tip, biopsy forceps or the
epiduroscope tip itself can be used to »tap« the
dura mater and determine the dural resistance or
elasticity. When relatively sharp instruments are
used (laser fiber, biopsy forceps, etc.), the likeli-
hood of perforating the dura is high.

We like to use the spinal dura mater as an
optical guide rail when navigating in the epidural
space.

2.2.2 Fatty tissue

With epiduroscopy, an invasive and interven-
tional endoscopic epidural examining technique,
it is possible to optically display the corresponding
morphological structures. As a direct three-dimen-
sional imaging procedure, epiduroscopy allows
spatial and color pictures of epidural anatomical
structures of the spinal dura mater, ligamentum
flavum, posterior longitudinal ligament, blood ves-
sels, connective tissue, nerves and fatty tissue to be
reproduced in high video-optic quality, depending
on the epiduroscopic equipment used.

In addition to the dynamics of the epidural
space, epiduroscopy provides visual understanding
of this topographic region.

However, very few reports and limited reliable
visual material depicting the endoscopic anatomy
or pathological changes are available. The images
sporadically published in the literature do not
provide a uniform picture. The DVD Epiduro-
scopy by G. Schiitze (multilingual, DVD-ROM,
ISBN 3-89756-757-1) attempts to present a uni-
form nomenclature and a visual epiduroscopic
atlas.

In the endoscopic picture, the epidural fatty tis-
sue appears as a glistening white to yellow color
(B¥Fig. 2.4a,b). The fatty tissue is often traversed by
small blood vessels. The epidural fatty tissue varies
in the different epidural regions and serves as a
lipophilic store.

Igarashi demonstrated that the epidural fatty
tissue is important as the connective tissue layer

B Fig. 2.2. Dura mater spinalis with tip of catheter
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for the nerves and that it is used up after chronic
inflammatory processes. This can lead to involve-
ment of the neural structures in the scar tissue
being formed.

Reina et al. observed a large proportion of fat
cells both between and below the layers of the dura
mater.

They reported that like the fat in the peripheral
nerves, fat is present within and below the dural
sheath. The fat found in the dural sheath is in close
contact with the axons of the nerve roots. This dif-
fers from the fat contained in the epidural space. The
lipophilic substances released in the fat of the dural
sheath may have a greater effect on the nerve roots as
a result of the small distance separating the fat from
the axons and due to the low vascular clearance.

Our epidural investigations show that the pro-
portion of fatty tissue in the epidural space varies
greatly. Results of our investigations show that the

B Fig.2.3. a,b Spinal dura mater. ¢ Spinal dura mater with
fatty tissue. d Spinal dura mater and posterior longitudinal
ligament

B Fig. 2.4. a Dorsolateral epidural fatty tissue. b Epidural fatty
tissue
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majority of the epidural fatty tissue is found in the
dorsal epidural space.

In addition, our findings show that especially
in the ventral epidural space and postoperatively,
only negligible amounts of fatty tissue exist.

2.2.3 Neural structures

Endoscopic inspection in the area of the nerve root
is often difficult. However, it generally allows an as-
sessment of the root. The proximity to the ascending
and descending rami of the posterior and anterior
vertebral arteries also allows assessment of the vas-

B Fig.2.5. a Nerve root with transparent catheter tip. b
Nerve root. c Nerve root L4 right. d Neural structures running
through epidural space. e Nerve in epidural space

cular supply, pulsation, adhesion, edema and contact
sensitivity of this topographic region. Nerve roots
are generally depicted as being white to having a
pink-yellow tinge with blood vessels that can extend
across the surface of the nerve root. Nerve roots can
also have a matte color structure that is generally
caused by the presence of adhesions (B Fig.2.5a-e).
It has repeatedly been observed that nerve roots are
crossed by vessels running longitudinally.

The neural structures, which often extend
through the epidural space completely unhindered,
can be relatively easily identified due to their white
color. However, they can also be easily mistaken
for fibrotic tracts.
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2.2.4 Ligamentum flavum

The yellowish color of the ligamentum flavum is
caused by the elastic fibers arranged like a fold-
ing grille. The elastic connective tissue is a spe-
cial form of dense connective tissue. It contains
abundant thick elastic fibers with a parallel course.
The ligamentum flavum can be identified in the
endoscopic picture by its white to yellowish con-
cave surface without visible vessels (B Fig.2.6a,b).
Thickening of the ligamentum flavum can contrib-
ute to stenosis of the spinal canal.

2.2.5 Posterior longitudinal ligament

In the epiduroscopy of the ventral epidural space,
in addition to the spinal dura mater, the posterior
longitudinal ligament is easily visible. The relatively
narrow ventral epidural space allows optimal visual
imaging, especially in the thoracic and cervical seg-
ments of the spinal canal. Distinguishing the spinal
dura mater and the posterior longitudinal ligament
endoscopically is initially possible only on the basis
of the differences in vascularization (8 Fig.2.7a-d).

O Fig.2.6. a Ligamentum flavum (left side of the picture).
b Ligamentum flavum

B Fig.2.7. a Longitudinal ligamentum (right side of the pic-
ture and fatty tissue, left side of the picture). b Posterior
longitudinal ligament with bulging disc (Picture-in-Picture
technique). ¢ Spinal dura mater and posterior longitudinal
ligament (Picture-in-Picture technique). d Longitudinal liga-
mentum (right side of the picture) and cervical spinal dura
mater (left side of the picture, Picture-in-Picture technique)
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In my experience, the primary distinguishing
feature is »tenting,« the elastic tenting phenom-
enon, which is only positive for the spinal dura
mater. In the endoscopic picture, the posterior
longitudinal ligament appears white with a fibrous
structure. The differences in the structure and
color of the ventral epidural space can be used to
assess which region of the epidural space the epi-
duroscopy is taking place.

2.2.6 Blood vessels

Both arterial and venous valveless epidural vessels
pervade the epidural space (B Fig. 2.8a-e). They can
be easily distinguished from the pulsations that are
easily visible. In the region of the left and right lat-
eral ventral epidural space or in the right and left
lateral dorsal epidural space small branches of the
anterior or posterior spinal artery can be observed.

B Fig.2.8. a Cervical vascular supply in the epidural space.
b Arterial blood vessel in the dorsal epidural space, c in the
ventral epidural space. d,e Epidural venous blood vessel. Left:
dorsal, right: ventrolateral
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Obstructed epidural veins are primarily found in
segments of the spinal canal that are growths and
usually fibrotic. In epiduroscopic examinations
of pregnant women in 2000, Igarashi observed
that the epidural space in pregnant women had a
denser vascular network than in women who are
not pregnant. In Igarashis study, the increase in
vascular density in the epidural space occurred in
the first trimester and could be observed until the
last trimester.

2.3  Endoscopic pathology

2.3.1 Pathological endoscopic findings

A number of spinal pain syndromes are charac-
terized by morphological changes in the epidural
space, both in patients who have had surgery and
those who have not.

Epidural pathological and anatomical changes
in patients with spinal pain syndromes diagnosed
via epiduroscopy include arachnoiditis, fibro-
sis, stenosis, ischemia, nerve root compression,
perineural edema, obstructed veins or as chronic
inflammatory processes, radiculopathy, sequesters,
cysts or tumors.

Recent studies showed that degenerative
changes and biomechanical processes, as well as
biochemical processes are responsible for pain.
In addition, Ohlmarker et al. used immunohis-
tochemical examination techniques to determine
that when autologous disc material comes into
contact with nerve tissue, this causes immunologi-
cal and inflammatory processes at the nerve root.
These processes are considered to be immunocom-
petent cellular responses to exposed disc tissue.
The detection of monoclonal antibodies against
T-lymphocytes and macrophages appears to sup-
port this interpretation. Following the hypothesis
that disc tissue is physiologically delimited from
the immune system, it is assumed that exposing
disc material can stimulate an autoimmune re-
sponse in other tissues. In addition, clinical stud-
ies by Kuslich et al. showed that compressing or
retracting a nerve root was only painful if nerve
roots were irritated or inflamed. These results con-
firm the assumption that in the case of radicular
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symptoms as well, not only purely mechanical
changes of the nerve root contribute to pain.

No one mechanism is responsible for the onset
and continuation of pain. Inflammatory and immu-
nological processes exist with the activation of no-
ciceptors in which mechanical impacts are involved
to a greater or lesser extent. The nerve root can be
compressed, deformed or stretched by the disc, fac-
ets joints or by the intervertebral foramina. These
deformities of the nerve root or the dorsal spinal
ganglion lead to changes in the local microcircula-
tion of the blood flow. The tissue of the nucleus
pulposus, which may protrude from a degenerated
disc, causes a chemically induced radiculitis. These
changes, combined with disturbed CSF circulation
and insulfficient fibrinolysis, lead to impaired nutri-
tion of the nerve root, which ultimately results in
changes of the nerve fibers and the cell body.

Epiduroscopy also allows clinical phenomena
of epidural anesthesia with untypical spreading
(missed segments) to be explained. The unfavorable
result of the anesthesia may be caused by the patho-
logical and anatomical anomalies following inflam-
matory processes, postoperative adhesions and/or
fibroses. Korsten et al. found deposits in epidural
areas even 36 days after epidural administration of
10% butyl-p-aminobenzoate (BAB). Richardson et
al. performed endoscopy on patients with chronic
severe low back pain and diagnosed epidural adhe-
sions as the cause of pain in all the patients.

Epiduroscopy provides good conditions for di-
agnosing pathomorphological changes, which are
often the source of pain, in the ventral or dorsal
epidural space.

Adhesions

Adhesions or adhesive areas are observed in our
patient population relatively frequently (B Fig.2.9).
Adhesions are easily visible epidural connective
tissue structures that appear white and often bi-
zarre. They range from delicate to robust. What is
crucial is whether they are relevant for the patient’s
pain or not.

In an experimental investigation, it could be
proven that epidural adhesions or fibroses can
be induced after leakage of proteoglycans from
the annulus fibrosus into the epidural space. This
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explains that epidural adhesions can also occur
even without prior surgery taking place. The ven-
tral epidural leaflet is abundantly innervated with
silent nociceptors with a high activation limit.
These receptors do not become mechanosensitive
until they have been sensitized by substances such
as serotonin, histamine, bradykinin, prostaglandin
and phospholipase A2. Afterward, inflammatory
responses following protrusion of disc material
through the ruptured annulus fibrosus may result
in adhesions in the epidural space.

Fibrosis

Epidural fibrosis associated with stenoses, insta-
bilities and herniated discs is a frequent diagnosis
(BFig.2.11, 2.12).

Through a regional inflammatory response
with edema in the neurogenic structures, local
circulatory impairment and fibrous adhesions the
epidural fibrosis determines the symptoms. In ad-
dition, osteophyte growths as well as protrusions
and herniated discs can stretch the posterior lon-
gitudinal ligament. Combined with inflammatory
changes, this compression can also create changes
in the permeability or in the transmural pressure

O Fig. 2.9a,b. Epidural adhesions of the endoneural capillaries at pressures as low as
| Disc l | Ventral scar | | Lateral herniated disc
Front

>

Nerve root
Nerve root

Spinal dura

mater Medial disc protrusion

Vertebrae back
B Fig. 2.10. Ventral scar
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B Fig. 2.11a-c. Epidural fibroses

50 mm Hg for 2 min, inducing edema. Ultimately,
this process also triggers the strong edematous
swelling that is visible during endoscopy, with el-
evated intraneural liquid pressure.

During endoscopy, pathologically changed
nerve roots can appear to be avascular, most likely

B Fig. 2.12a,b. Scars

due to the epidural adhesions surrounding them.
The further process ultimately leads to an impair-
ment of the epidural blood flow. According to
studies by Brown, the venous blood flow in the
affected segment can be disturbed at pressures as
low as 5-10 mm Hg and the arterial supply can be
reduced by 20 to 30%. The perfusion impairment
also leads to a reduction in nutrition. Nutrition
transport to the nerve root can be reduced by 20
to 30% at an applied pressure as low as 10 mm Hg.
The inflammatory response promotes epidural fi-
brosis. By forming a sheath around the neurogenic
structures and subsequent scaring, the scar tissue
that has formed can lead to clinically remarkable
signs of nerve root compression and localized back
pain, as well as to reduced impulse conduction
(B Fig. 2.13).

The laser pain provocation test can be used to
test the pain relevance of an endoscopically visible
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B Fig. 2.13a-d. (a) Forty-nine year-old woman after hemilaminectomy and spinal fusion and stabilizing surgery (FBSS) (b). Radio-
logical documentation of implants in the L5/51 region (c). The epiduroscopic images show fibrosis (d) and radiculitis (e).

scar. In the endoscopic picture, epidural fibroses,
regardless of their severity, appear clear white and
are generally avascular.

Vascular obstruction

Our epiduroscopic examinations of FBSS patients
revealed veins and venous plexuses that were stran-
gled by scar tissue and exhibited varicose changes.
However, in our endoscopic investigations, these
venous epidural obstructions (B Fig.2.14a-c) were
not observed as frequently as had been assumed.
In 120 patients we examined via epiduroscopy for
FBSS in 2006, in the epidural segments from S1
to C4, only 12% showed a ventral scar with signs
of obstructed epidural veins observed during en-
doscopy.

Chronic inflammatory processes

Radiculitis. Chronic inflammatory processes in the
epidural space, such as epiduritis and radiculitis
are depicted endoscopically as clearly edematously
enlarged tissue structures. These inflammatory
processes are the source of pain. The hyperemia
renders the epidural structures bright red, similar
to that of a localized radiculitis. It is important
to mention the granulating and proliferative in-
flammatory form in this context. The granulating
variety is characterized by the formation of a capil-
lary-rich repair tissue and the proliferative form is
characterized by sprouting of fibroblasts.

Studies involving the introduction of a Fogarty
catheter in the spinal canal proved that inflating
the balloon against the healthy dorsal nerve roots
did not cause pain, but instead brought about hy-
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B Fig. 2.14a-c. a Venous epidural obstruction. b Obstructed
vessels. c Compressed vein

pesthesia. However, if the balloon was inflated in
the area of an inflamed nerve, the volunteer sensed
radicular back pain. This experiment was repeated
in various manners. Each time, the results showed
that neural inflammation can causes pain, hyperal-
gesia and allodynia.

B Fig. 2.15a,b. a Radiculitis. b Pronounced chronic inflamma-
tory process (radiculitis) in the region of nerve root L3 right

In addition to the pathomorphological model
of a mechanical spinal root irritation, a second-
ary inflammatory component at the spinal root
is gaining in significance. It is a known fact that
TNF-a and Interleukin 1 (IL-1) are released as in-
flammatory mediators at the site of herniated disc
tissue. An inflammatory response at the site of the
involved nerve root is the result of the release of
mediators. This phenomenon is easily visible via
epiduroscopy (B Fig. 2.15a,b) and plays a role in the
choice of therapeutic approach.

Epiduritis. Epiduritis is a partial or full inflamma-
tory process of epidural structures in the epidural
space. In the endoscopic picture it is depicted with
cardinal symptoms such as swelling, redness and a
positive pain provocation test.

Young et al. (2001) reported on 24 patients
who underwent epiduroscopy for chronic back
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pain. All patients presented inflammation typical
of epiduritis.

In contrast to these findings, relatively few of our
patients undergoing epiduroscopy showed chronic
inflammatory processes typical of epiduritis. Signs
of inflammation such as elevated erythrocyte sedi-
mentation rate, elevated C-reactive protein or ele-
vated leukocytes were not regularly identified in pa-
tients with a diagnosis of epiduritis (8 Fig. 2.16a—c).

Arachnoiditis. The term arachnoiditis is widely
used to describe both spinal and epidural adhe-
sions. However, the term arachnoiditis actually re-
fers to processes that take place subdurally on the
caudal fibers and the nerve root sheaths. According
to Day, arachnoiditis is a complex neuropathic pain
event with a complex etiology (B Fig.2.17a,b).

As early as 1978, Burton broke down the course
of arachnoiditis into three stages.

In the first stage, the pia mater is inflamed,
accompanied by hyperemia and swelling of the
caudal fibers and nerve roots (radiculitis).

Stage 2 is characterized by a proliferation of
fibroblasts with deposition of collagen fibrils in
the tissue. Tissue swelling is no longer present. The
nerve roots become adherent to each other and the
pia mater.

The third stage involves pronounced prolifera-
tion of the pia mater with a dense collagen struc-
ture. This leads to a constriction-like encapsulation
of the atrophic and ischemic nerve roots.

In the case of arachnoiditis and perineural
nerve sheath fibrosis, the spinal dura mater appears
thickened and the tissue appeared to have increased
vascularization. In the case of disc protrusions, lo-
cal veins can be subjected to compression, which
renders the site an obstructed and dilated appear-
ance. The ensuing reduced neural blood supply
leaders to a reduction of the nerve volume with the
formation of perineural fibrosis. The occurrence of
ischemic pain is explained by this situation.

The inflammatory responses in the epidural
space occur in stages. The first stage involves an
inflammatory response with hyperemia and swell-
ing, for example of the nerve root, which arise
from the collagen connections between the nerve
root and the arachnoidea. In the next stage, a pro-
liferation of fibroblasts causes adhesive arachnoidi-

B Fig. 2.16a-c. Epiduritis

tis, whose course can include atrophy of the nerve
root. Warnke and Mourgela claim that adhesive
lumbar arachnoiditis is no longer a devastating di-
agnosis. A new endoscopic treatment of impaired
CSF flow restores physiological response paths so
that a long-term improvement in the clinical con-
dition can be achieved.
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B Fig. 2.17a,b. a Arachnoiditis. b Arachnoiditis

Other endoscopic findings
Xanthosis. Heavner et al. reported on the pres-
ence of yellow pigment (xanthosis) in the epi-
dural space of a patient with chronic painful ra-
diculopathy. The epiduroscopic findings reported
by the authors in the area of nerve roots L5 and
S1, associated with radiculopathy, included dif-
fuse perivascular yellow pigments and increased
vascularity and increased presence of sheets of
fibrous tissue. Heavner et al. claim that this was a
novo epiduroscopy finding.

We have observed similar findings in our own
patient population; however, these have been inci-
dental findings without pain relevance.

Ligamentum flavum hypertrophy. Sairyo et al.
observed that fibrosis and scar tissue formation
is responsible for hypertrophy of the ligamentum
flavum. In addition, inflammation-related gene ex-

B Fig. 2.18a,b. a Patient L.E. with epidural sacral cysts S1/52.
A dural injury following laminectomy caused an arachnoidal
cyst (radiological imaging). b Patient L.E. with epidural sacral
cysts (endoscopic imaging)

pression was discovered in the ligamentum flavum.
Hypertrophy of the ligamentum flavum may possi-
bly be prevented with anti-inflammatory drugs.

Delgado-Lopez et al. reported that calcification
of the ligamentum flavum (CLF) is a rare disease
that mainly occurs in middle or advanced aged
Japanese women. Various clinical and radiological
features distinguish CLF from ossification of the
ligamentum flavum.

Cysts of the ligamentum flavum. Cysts of the
ligamentum flavum in the lumbar segments of
the spinal canal are rarely observed. Bloch et al.
reported on patients who underwent surgery for
cysts in the area of the ligamentum flavum. These
cysts can also be visualized in CT and MR imaging
and can lead to root compression (B Fig.2.18a,b).
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2.3.2 Our own results

In our endoscopic examination of dorsal and ven-
tral sections of the vertebral segments from L5 to
C3, 61.2% of our 1130 patients, most of whom had
back pain, had pathological findings, including ad-
hesions, fibrosis, stenosis, inflammatory processes,
pronounced scar tissue and sequesters.

Our results coincide with the limited results in
the literature: In our patient population, patients
with FBSS had considerably lower or absent shares
of fat and a clear reduction in vascularization in
the affected part of the epidural space.

We studied a group of patients with FBSS
between 1995 and 2000. During this period, we
carried out 560 epiduroscopic examinations. In
addition to considerably limited vasculariza-
tion, we also observed a highly reduced propor-
tion of fatty tissue. In the majority (70%) of
our FBSS patients, a ventral epidural scar was
identified as the morphological cause of pain. In
19% of the patients undergoing epiduroscopy, a
scar as well as indications of chronic inflamma-
tory processes were found in the dorsal epidural
space.

In 2004, we carried out an evaluation of epidu-
ral diagnostics (S1-C3) in 120 pain patients with
failed back surgery syndrome (M 96.1). There were
no urgent indications for open intervention in any
of the FBSS patients from neurological, functional
or imaging points of view. In addition to the classi-
cal signs and symptoms of FBSS, all of the patients
had been assigned to chronic pain Level III accord-
ing to the Mainz Pain Staging System (MPSS), the
highest level of pain chronification. In addition
to primarily pronounced epidural fibrosis with
stenosis, in the region from S1 to C3 adhesions
and chronic inflammatory processes were also ob-
served.

Summary of epiduroscopic findings of 120 pa-
tients with failed back surgery syndrome (Iserlohn
Pain Clinic, 2004):

61% of the patients presented pronounced fi-

brosis with stenosis in the ventrolateral epidu-

ral space.

18% of the pain patients presented epidural

fibrosis as well as a chronic inflammatory pro-

cess typical of radiculitis.

15% of the pain patients presented adhesions
and/or fibrosis in the dorsolateral epidural space.
13% of the patients examined presented a
chronic inflammatory process (epiduritis).

In 11% of the patients undergoing epiduros-
copy, findings were unremarkable.

A recent study of 51 patients with exclusively lum-
bar spinal pain syndrome carried out in 2007
showed that 9.8% of the epiduroscopic examina-
tions of segments S1-L3 showed signs of an in-
flammatory process.

Inflammatory changes could be confirmed
through histological examination of excisional bi-
opsies. In the context of this epiduroscopy study,
fibrosis was discovered in 11 patients (21.6% of
the patient population). The fibrosis was localized
exclusively in the left and right dorsal part of the
epidural space. Fibrosis in the left dorsal epidural
space was most frequently observed in the area of
L4/L5 and L5/S1, while the incidence of fibrosis
in the right dorsal area was highest in the area of
L4/L5 (BTable2.1). Signs of epidural vascular ob-
struction were detected in only one patient in the
overall group during epiduroscopy. The vascular
obstruction was located in the right dorsal section
of the epidural space at the level of L4/L5.

In contrast to the unremarkable findings in
patients who had undergone surgery (e.g. patients
with FBSS), we observed reduced or absent shares
of fat, considerably reduced vascularization, epidu-
ral adhesions and fibrosis. This corresponds to the
rarely reported descriptions in the literature.

Epiduroscopic features for failed back surgery
syndrome:

Considerably reduced proportion of fat

Reduced vascularization, in some cases vascu-

lar obstruction

Adhesions

Fibrosis

Chronic inflammatory processes

After percutaneous epidural multiple punctures
with a Tuohy needle, birefringent particles with
characteristic multinuclear foreign body giant cells
were detected in the histology (BFig.2.21a-c) of
the epidural tissue specimens in our patients un-
dergoing epiduroscopy. This outcome underscores
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the necessity of follow-up epiduroscopic studies
regarding epidural multiple punctures and the be-
havior of epidurally injected fluids and continuous
epidural long-term infusions.

However, experience with epiduroscopy is re-
quired in order to interpret the pathological find-
ings precisely. Igarashi et al. (2004) performed
epiduroscopy on 58 patients with degenerative
lumbar spinal stenosis. The authors concluded that
the epiduroscopic findings corresponded to the
clinical symptoms. The 1130 epidural pathological
changes diagnosed by us on the basis of epiduros-
copy up to 2005 correlated with the clinical find-
ings of the patients in 76.8% of the cases.

The clinical epiduroscopic results are not yet
sufficient enough to provide a detailed response to
the open anatomical issues, because we have not
yet completed the comparative endoscopic studies
on the anatomy of the epidural space on cadav-
ers. However, preliminary results show that in a
number of patients, partially occluding connective
tissue structures and membranes have been discov-
ered endoscopically at various levels of the epidural
space whose origin cannot be clearly determined.

2.4 Histopathology

With regard to histopathological studies of the epi-
dural space, we can only report on our own patient
population. Our histological sections allow us to
make statements that serve endoscopic diagnostics
and quality control. Please consult the textbooks
on histology and cytology for more detailed infor-
mation on the foundations of histopathology.

Histopathological features

The inflammatory response is a major factor in the
generation of pain. It involves a complex response
of the vascular connective tissue apparatus to tissue
damage. The acute phase is marked by hyperemia
with exudation as a serous inflammation (blood
plasma), hemorrhagic inflaimmation (erythrocyte
extravasation) and purulent inflammation (emigra-
tion of leukocytes). In contrast to the acute inflam-
matory response, the chronic stage of the inflamma-
tion is primarily characterized by the proliferation of
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connective tissue cells, histiocytes and proliferation
of capillaries, i.e. granulation tissue. The epidural
inflammatory process varies widely in appearance
and functional form. It generally involves connec-
tive tissue with a proliferation of fibroblasts as the
formation of fibers, scar tissue, histiocytes and capil-
lary sprouts. Lymphocytes and plasma cells or mast
cells or polymorphonuclear leukocytes may also
be assigned to this basic tissue. In accordance with
histological nomenclature, the primary cell type is
divided into a) cell-proliferating granulation tis-
sue with abundant lymphocytes and histiocytes, b)
granulation tissue in the narrower sense (capillary
sprouts and fibroblasts) and c¢) infiltrating granula-
tion tissue. As a consequence of the inflammation,
healing of the defect (scarring) occurs.

Histological studies

The rule that all surgically removed tissue should
be histologically examined also applies to the field
of invasive-interventional pain medicine. This
serves to enhance quality control for epiduroscopic
procedures and provides diagnostic certainty for
the patient.

For this reason, we recommend that endo-
scopic pain diagnostics include targeted endo-
scopic biopsy under good visual conditions for
histological examination.

Biopsy

In order to take epidural tissue specimens, ap-
propriate microsurgical instruments can be intro-
duced and used via the epiduroscope’s working
channel. A number of biopsy forceps are available
for extracting tissue samples under epiduroscopic
visualization. Flexible biopsy forceps are avail-
able in various lengths and diameter depending
on the epiduroscope and tissue (B Fig.2.19a,b and
O Fig.2.20a,b). The forceps are opened and closed
via a control cable. To avoid injury to the biopsy
canal through the barb of the forceps, for epiduro-
scopy, barbless forceps should be used.

For histological diagnostics, we take tissue
samples from the epidural space with long, flexible
graspers (for example, oval, flexible, working length
between 60 and 160 cm with a diameter of 1.0 mm).
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B Fig. 2.19a,b. a Flexible biopsy forceps (KARL STORZ, Ger-
many) in the working channel of the epiduroscope. b Flex-
ible biopsy forceps (KARL STORZ, Germany) in the epidural
space

Due to the vulnerability of the epidural struc-
tures, the utmost care must be taken to ensure that
the biopsy is performed under good endoscopic
vision and that no blood vessels or the spinal dura
mater or other structures are injured. If vessels are
damaged during a biopsy, they can be coagulated
with laser fibers via the working channel. The
biopsy procedure, especially in the thoracic and
cervical part of the spinal canal, must be per-
formed carefully and conscientiously. Particular
care and attention are recommended in the case
of inflammatory processes and in the area of the
nerve root.

Tissue biopsy, especially in the vulnerable areas
of the epidural space is often risky and problem-

B Fig. 2.20a,b. a Flexible biopsy forceps in the epidural space.
b Flexible biopsy forceps in the thoracic and ventral epidural
space. Detaching adhesions between the spinal dura mater
and the posterior longitudinal ligament

atic. Thus, in order to protect the patients, in our
own work we do not perform high-risk biopsies,
especially in the thoracic and cervical areas. This
should be borne in mind when assessing the data
we have provided on the histological situation dur-
ing epiduroscopy.

2.4.1 Histological findings

In the following box we present histological find-
ings from biopsies take from our patients via
epiduroscopy. Courtesy of Prof. Bohm and Prof.
Friemann of the Ludenscheid Hospital's Depart-
ment of Pathology.



2.4 - Histopathology

398104:

776497:

891199:

209599:

316800:

826101:

853501:

1021702:

759702:

Fatty tissue from the epidural space
left at the level of C5-C4 with discrete
perivenous fibrosis and small non-
calcified lamellar bone fragments
outside the cluster.

Complete, low-grade chronic inflam-
mation with a regeneration phase.
No specific inflammation. Nothing
atypical. No indication of a malignant
process.

Accumulations of fibrin with bleeding
and slight inflammatory infiltration
suggestive of less pronounced acute
epiduritis.

Accumulations of fibrin and pro-
nounced, primarily acute inflamma-
tion in the material submitted without
any accompanying description. No
indications of malignant cells.

The histological picture of the two
tiny tissue particles from the epidural
space corresponds to a chronic recur-
rent inflammation. No indications of
malignant growth. Does this histologi-
cal picture correspond to the clinical
findings?

Groups of peripheral nerve fibers
(biopsy taken from epidural space
L3-L4). No specific inflammation.
Apparently a localized, very loose
connective tissue with isolated capil-
laries and tiny peripheral nerve fibers
in the tissue submitted to us, taken
from the epidural space at the level
of L5.

Low-grade fibrosis in the submitted
tissue taken from the dorsal epidural
space. In addition, tiny birefringent
particles with foreign body reaction
can be seen. No indications of malig-
nant growth.

Low-grade, chronic, edematous,
granulating inflammation. No specific
inflammation. No indication of a ma-
lignant process (biopsy left epidural
space at the level of S1).
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In 2004, 120 pain patients with failed back surgery
syndrome underwent epiduroscopic diagnostics
and epidural analgesic therapy (EAT) at our pain
clinic. In each case, endoscopy was used to ex-
amine the dorsal and ventral part of the epidural
space. To confirm diagnosis, 120 biopsies were
taken from the epidural space. Seventy percent of
the histological examinations revealed scarring of
the connective tissue structures. Twenty percent of
the biopsies showed lesions of the tissue structures
indicative of chronic inflammation and 10% pre-
sented a normal histology.

In 2007, we assessed 46 histological examina-
tions in 51 patients undergoing epiduroscopy as
part of a comparative study. Only 4 of the 46 pa-
tients did not have pathological findings (8.7%).
In 42 patients in whom a histological examina-
tion of the biopsied epidural tissue was carried
out, fibrosis was identified in 28 patients (66.6%).
In addition to vascular sprouting (28.2%), fatty
tissue (26%), fibrous structures (21.7%) and col-
lagen fibers (13.0%), in 4.3% of the biopsies,
signs of inflammation could be detected in the
histology.

In a number of biopsies (> 600) taken from the
1600 patients undergoing epiduroscopy at our pain
clinic, in 22% of the cases changed tissue struc-
tures due to inflammation typical of epiduritis or
radiculitis could be identified in the histological
examination. The histological findings correspond
to the epiduroscopic diagnosis.

2.4.2 Microbiological diagnostics

When using endoscopy to confirm diagnosis of
conditions such as epiduritis, arachnoiditis, rad-
iculitis or other inflammatory changes in the
epidural space, a catheter is used to collect smears
from the appropriate part of the epidural space
through the working channel of the epiduroscope.
Approx. 2-3 cm is cut off the contaminated tip of
the catheter with a sterile scissors and placed in
a sterile tube. Care must be taken to prevent the
catheter tip from coming in contact with liquid
transport media or blood culture bottles, which
would render a semiquantitative assessment im-
possible.
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B Fig. 2.21a-c. Following several epidural punctures, the histological specimen shows birefringent particles with characteristic
multinuclear foreign body giant cells. (Image courtesy of Prof. Bohm, Hospital Lidenscheid, Department of Pathology)

Between January 1, 2005 and December 31, 2006,
288 bacteriological smears obtained at our pain
clinic were submitted to the Institute for Labora-
tory Medicine headed by Dr. H.G. Wahl at Liiden-
scheid Hospital as part of epiduroscopic examina-
tions. The microbiological end findings of all the
bacteriological examinations were negative.
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The increasing popularity and improved quality of
sectional imaging techniques (CT, MRI) in radiol-
ogy, conventional X-ray diagnostics have become
considerably less significant. On the one hand, X-
ray technology continues to be the diagnostic gold
standard for ruling out fractures, quantifying a
potential spondylolisthesis or identifying vertebral
anomalies. However, its inability to provide clear
images of soft tissue and the projection-related
distortion or the superimposition of anatomical
structures limit its use in some areas. On the one
hand, modern radiological imaging techniques
provide high-quality and detailed images. On the
other hand, their diagnostic reliability for condi-
tions such as radiculopathy is often unsatisfactory.
Another disadvantage of radiological diagnostics is
that it cannot distinguish the reasons for the pain or
the deviation from the norm for trauma and age.

When diagnosing pathological changes in the
vertebral canal, mainly sectional imaging tech-
niques such as magnetic resonance imaging (MRI)
and computed tomography (CT) are used. CT and
MRI examinations produce nearly the same qual-
ity of images. However, they differ in the sagittal
plane, which is provided by MRI. According to
Bradley, MRI is the diagnostic procedure of choice
for complicated lumbar pain, replacing myelo-
graphy and computed tomography in recent years.
Sectional imaging is indicated in suspected cauda
equina syndrome, progressive segmental muscular
dystrophy, infection, tumor and fracture.

However, if there are no warning signs, there
is no urgent indication for imaging within four
weeks. Evaluating diagnostic tests for spinal pain
syndromes is complicated by the fact that the
clinical picture is often defined on the basis of a
combination of clinical symptoms and radiological
findings.

3.1 Computed tomography (CT)

Computed tomography (CT) permits detailed dif-
ferentiation of bony structures and disc tissue.
When directly compared to MRI examination, the
sectional imaging procedure computed tomogra-
phy is better suited for analyzing bony structures.
When planning surgical intervention, computed

tomography can also be used in combination with
intrathecal application of contrast medium (post-
myelographic computed tomography).

However, computed tomography has the dis-
advantage of a much higher exposure to radiation
than regular radiographic procedures. This must
be taken into account when indicating the proce-
dure, whereby the good reliability of computed to-
mography justifies this procedure if the established
indications are present.

In our computed tomography examinations,
for example, well vascularized scar tissue shows
better enhancement than dense layers of old fi-
brous scar tissue. For this reason, a postoperative
computed tomographic image with the diagnosis
of a recurrent herniated disc should be taken with
a grain of salt, because most symptoms are not
caused by a new herniated disc but by scars and
adhesions. This was also the case for our surgical
patients.

3.2 Magnetic resonance imaging (MRI)

Magnetic resonance imaging (MRI) can provide an
in-depth picture of the sacral, lumbar, thoracic and
cervical spine. According to the Agency for Health-
care Research and Quality (AHRQ Publication No.
01-E048, 2001), MR examination currently pro-
vides the best resolution of soft tissue structures in
the sagittal and axial planes. When using STIR and
T2-weighted fast spin echo sequences, clinically
relevant findings can be reliably diagnosed with
MRI. The advantages of MR examination include
excellent imaging of the spinal cord, the dorsal or
ventral roots of the spinal nerves and the paraver-
tebral soft tissue.

Epidural scar tissue and disc material can be
distinguished with a contrast-enhanced MRI. For
this reason, in suspected recurrent disc herniation,
carrying out a T1-weighted sequence with and
without contrast agent is recommended.

MRI diagnostics are used especially often in pa-
tients with chronic back pain in order to diagnose
or rule out radiculopathies, sciatica, cauda equina
syndrome, herniated disc or spinal canal stenosis.
During magnet resonance tomography, the signal-
intensive cerebrospinal fluid creates a myelographic
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image of the dural sac. The spinal cord contrasts
excellently against the cerebrospinal fluid and the
dural sac stands out from the epidural space.

As with an acute radicular clinical finding with
deficits, chronic epidural pain syndrome should be
clarified with the use of an appropriate sectional
imaging technique, such as MRI or computed to-
mography.

Richardson showed that epiduroscopy can be
used to find pathologies that were not detected in
an MRI and for which the epidurography that had
been performed did not provide reliable results.
The group led by Geurts reported on 20 patients in
whom 19 showed adhesions via epiduroscopy. In 8
patients, 6 of whom had never undergone surgery,
these were not detected with earlier magnetic reso-
nance imaging.

Stand-up MRI promises to considerably im-
prove MR imaging. The new MRI stand-up appa-
ratus allows examination of the spine with the pa-
tient in a recumbent, slanted or upright position.
In addition, scans of the cervical and lumbar spine
can be carried out in hyperextension, hyperflexion
and in scoliosis position.

Additional imaging procedures should be car-
ried out based on the clinical course of the pain or
the planned therapeutic treatments.

3.3  Myelography

Despite the fact that myelography offers the exam-
iner information about the epidural structures, it
has become less significant due to the widespread
use and acceptance of magnetic resonance imag-
ing or myelo-CT (computed tomography) on the
one hand, and because of its invasive nature, on
the other.

The quality of the examination also depends
on the experience of the examiner and the compli-
ance of the patient.

Its invasive nature makes myelography a pro-
cedure characterized by potential risks and adverse
effects. Although the contrast agents used in the
procedure are water soluble and can be completely
resorbed, an intolerance to the agent can occur.

It is advised to follow up a CT or MRI exami-
nation with myelography only if there is a discrep-
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ancy between the clinical signs and symptoms
and the radiological findings. In combination with
postmyelographic computed tomography, this di-
agnostic procedure is particularly valuable for the
planning of a surgical procedure.

3.4 Discography

For suspected discogenic pain sources with sup-
porting morphological evidence, contrast agent
imaging of the interior cavity of the disc (disco-
graphy) may be indicated. This is an invasive pro-
cedure with corresponding risks. In some cases a
postdiscographic CT scan may be indicated.
Discography is often used to identify an intact
annulus fibrosus prior to percutaneous interven-
tions. Repeated discography may be indicated if
the intervertebral disc that is responsible for the pa-
tient’s symptoms cannot be unequivocally defined.
Performing discography of the affected vertebral
disc can also be helpful in the case of a positive test
with pain-provoking injections in order to decide
whether in the given case a segment-conserving or
segment-fusing procedure is indicated.

3.5 Our own clinical results

Another difference between epiduroscopy and
other imaging techniques is that epiduroscopic
examination is carried out with the examiner re-
sponding to feedback by the patient. The major
differences between epiduroscopy and MRI, par-
ticularly in the assessment of radiculopathy, are
presented in @Table 3.1.

In a study comparing the diagnostic signifi-
cance of epiduroscopy and that of magnetic reso-
nance imaging, 51 patients were studied from 2004
to 2006 at our pain clinic. The patients underwent
epiduroscopy and at the same time, MR examina-
tion, at our pain hospital for low back pain (51%
lumbago, ICD-10 M54.5; 27.4% postlaminectomy
syndrome, ICD-10 M96.1; 21.5% lumbago with
sciatica, ICD-10 M54.4).

As part of the epiduroscopic diagnostics of the
lumbar segments S1-L3 of this study, in 62.7% of
the pain patients there were adhesions with partial
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fibrosis, in 25.4%, adhesions with pronounced fi-
brosis, in 21.6%, only fibrosis, in 9.8%, radiculitis,
in 4.2%, an inflammatory process, and in 2%, signs
of epidural vascular obstruction. In 31.4% of the
cases, epidural spinal canal stenosis was diagnosed
during epiduroscopy.

In the MRI of the 51 pain patients in the
study, in the same segments disc protrusions were
identified in 68.8% of the cases, and fibrosis or
scarring was found in 21.5% of the cases. In 9.8%,
there were radiological signs of a herniated disc,
in 3.9%, radiological signs of radiculitis, in 17.6%,
there was a ligamental spinal canal stenosis, and in
29.4% of the cases, an osseus spinal canal stenosis
was diagnosed. As additional findings, in 90.19%
of the patients, degenerative lumbar spine changes
such as osteochondrosis and facet arthropathy
were identified in the MRL

The still unpublished results of Roohani and
Schiitze on the significance of epiduroscopy com-
pared to magnetic resonance imaging based on
51 pain patients with lumbar pain syndrome are
presented in @Table 3.1.

As part of differential diagnosis, in 2006 we car-
ried out 68 discographies in 142 patients prior to
planned pain-therapy interventions such as percu-
taneous laser disc decompression and nucleotomy
(PLDN) and laser facet denervation (8 Fig. 3.1).

Our own clinical results indicate that the spa-
tial and live color visualization and the evaluation
of the spinal topography, including the testing of

pain relevance of the visible pathological and ana-
tomical structures, greatly enhance the diagnostics
of spinal pain syndromes (B Table 3.2).

As part of differential diagnosis, in 2006 we
carried out 68 discographies in 142 patients prior
to planned pain-therapy interventions such as per-
cutaneous laser disc decompression and nucle-
otomy (PLDN) and laser facet denervation.

B Table 3.2. Comparison of EDS and MRI in the ma-
nagement of radiculopathy (mod. from Richardson)

EDS MRI
Anatomy of the nerve root + ++
Vascularization of the nerve root ++ -
Radiculitis ++ +/-
Nerve root sensitivity ++ -
Pain localization ++ -
Size of spinal canal +/- ++
Identification of scar tissue ++ +
Identification of disc herniation - ++
Ruling out various pathologies ++ ++
(biopsy)
Therapeutic aspects ++ (+)

++ very helpful, + helpful, - not helpful

B Table 3.1. Significance of epiduroscopy compared to magnetic resonance imaging, based on 51 patients with chronic

lumbar pain syndrome, Pain Clinic Iserlohn (2007)

Advantages of EDS

Advantages of MRI

Epiduroscopy is superior for observing, assessing and differenti-
ating pathological and anatomical structures such as adhesions,
fibrotic tissue and inflammatory processes.

For assessment of anatomic conditions of the
nerve roots and size of the spinal canal, identifi-
cation of disc herniation and protrusions, MRl is

In addition to endoscopic diagnostics, carrying out spinal func-
tion tests and options for spinal interventions are a considerable
advantage of EDS compared to MRI.

clearly superior to EDS.

In comparing epiduroscopy and MRI in managing radicular back
pain, epiduroscopy is superior for assessing vascularization,
radiculitis, pain localization, ruling out pathologies (biopsies),
identifying scar tissue, as well as for therapeutic aspects.
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B Fig. 3.1. Visualization of degenerated intervertebral discs
(L3/L4, L4/L5) with a contrast medium. The fluoroscopic image
shows the needle in position in the disc (L3/L4). Degenerated
disc with an annular tear
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4.1 Diagnostic blocks and

laser-evoked potentials

Selective, endoscopically supported diagnostic epi-
dural anesthesia and analgesia can be used to block
both motor and sensory nerve functions and spe-
cific autonomic functions. In contrast to therapeu-
tic blocks, diagnostic blocks do not primarily ease
pain but are used to identify the reason for pain.

In addition to exact endoscopic localization, a
differential block for diagnosing pain can also be
carried out by titrating the concentration of the ap-
plied local anesthetic. This requires precise techni-
cal execution of the diagnostic block and carefully
informing the patient about the planned procedure
and anticipated results.

Established methods for objectively assessing
whether the block has been successful or to prove
a possible involvement of the sympathetic nerve
system in the origin of pain include measuring
the skin temperature at the extremities, as well as
simple functional tests and duplex ultrasound.

Diagnostic injections at the facet joints, sup-
ported by imaging in the case of existing non-radic-
ular or referred pain are established procedures, es-
pecially in the field of interventional pain therapy.
The medial branch block with a local anesthetic for
reasons such as differential diagnosis bring about a
reliable disruption of the pain conduction, at least
for the period the local anesthetic is in effect. Selec-
tive medial branch block is proof of the diagnosis
facet joint pain. According to Stern, the diagnosis
»facet arthropathy« can be made exclusively on the
basis of two or three test medial branch blocks.

A prerequisite for a radio-frequency lesion or
denervation of the medial branch via laser calls
for a controlled, image-converter guided X-ray di-
agnostics to demask the neuronal structure of the
pain transmission.

However, in pain medicine, we aim for stan-
dardized diagnostics and documentation. For ex-
ample, one modern pain diagnostic tool is a suit-
able infrared laser stimulator that emits a clearly
defined laser test stimulus.

This option for diagnosing pain can be benefi-
cial for a number of examinations. Bromm (2007)
reported that in patients with an acute nerve root
irritation, diagnostics using laser-evoked potentials

can quantify root damage, even at an early stage of
the disease. In such cases, surgical intervention is
indicated at the earliest possible time. According
to Bromm, laser-evoked potentials serve to esti-
mate prognosis and early decisions to operate. The
emitted laser stimulus not only evokes a defined
pain, but also brain potentials that correlate to the
strength of the perceived pain to a highly signifi-
cant extent.

4.2 Epidural pain provocation test

(EPPT)

One problem in pain therapy is unequivocal docu-
mentation of the strength of pain and reducing this
pain through treatment. Nearly all investigative
procedures are based on variables provided by the
patients themselves.

With the help of an epidural laser pain provo-
cation test developed in our pain clinic, epiduros-
copy is used in patients with spinal pain syndromes
to examine the extent to which radiologically or
endoscopically identified epidural pathological
and anatomical structures such as epidural adhe-
sions, fibrotic tissue and pronounced scar tissue
or granulation tissue are actually relevant for the
patients’ pain.

With a defined laser beam (diode laser, Dio-
Las) with a power of 1.0 watts and a laser action of
1 sec, reproducible pain can be stimulated in the
epidural structures to be tested. The laser emits
very short and steep heat impulses that are applied
without touching, where they activate targeted af-
ferences of the pain system. This stimulates a stab-
bing (A-delta fibers) and burning (C fibers) pain
sensation (B Fig.4.1a,b).

As an alternative, the tip of the epiduroscope
or catheter or a microsurgical instrument can also
be used to provoke undefined pain.

During the epiduroscopic examination, de-
pending on the cooperation of the patient, who
may also be sedated, it is possible to carry out an
epidural pain provocation test.

Under endoscopic vision it should be tested
whether diagnostically significant pain - »memory
pain« — can be provoked in the area being examined
or not. During the procedure, the pain intensity can
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B Fig.4.1. a Laser fiber with target beam in the epidural
space. b Diode laser in action, pain provocation test

be assessed by the patient and/or examiner on the
basis of the Numeric Rating Scale (0-10 NRS).

It is known that a compression or stimulus on
a normally structured nerve root by the examiner
will generally cause paresthesia and analgesia in
the patient.

Ross et al. observed that epidural scars them-
selves are not painful. Epidural fibrotic tissue can
induce mechanical problems and lead to scarred
connections with neighboring nerve roots. Changes
in length due to movement over the scarred tissue
bridges cause pulling and mechanical irritation
of the nerve roots that ultimately determine the
symptoms of radiculopathy.

Compression of a traumatized nerve root can
cause pain in the patient. This means that pain
is only caused through compression on the nerve
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root when the nerve root is damaged. In the case of
non-inflamed nerve roots, memory pain cannot be
triggered through such compression. An epidural
pain provocation test can therefore cause memory
pain under certain pathological conditions.

Interestingly, in 1994 Jensen et al. had already
observed in a study that in 52% of asymptomatic
volunteers the MRI of the lumbar spine showed
significant abnormalities that were assessed as po-
tential surgical pathologies.

However, in chronic inflammation, sensitiv-
ity to pain in response to pressure decreases. The
overall pain symptoms remain and are not in-
creased by external pressure. For the pain provo-
cation test carried out through epiduroscopy, this
means that a defined pain in the case of acute rad-
iculitis can provoke massive pain, while in the case
of radiculopathy no pain can be provoked.

4.2.1 Our own results

In 2006 we assessed 120 pain patients at our pain
clinic who had undergone EPPT as part of epi-
duroscopic diagnostics. Endoscopy was used to
examine the dorsal and ventral part of the epidural
space. The existence of dorsal and ventral epidural
pain sources was examined through epiduroscopic
visualization and a standardized epidural laser
pain provocation test (EPPT) was carried out in
all patients.

In order to verify diagnosis, in all patients tis-
sue specimens were taken from the epidural space
through the working channel of the epiduroscope;
the specimens then underwent histological exami-
nation. In the epidural segments from S1 to C4
examined endoscopically, among the 120 patients
pathological abnormalities such as adhesions, fi-
brotic tissue, stenoses, pronounced scarring, se-
questers and inflammatory processes were found;
in some cases, however, epidural structures were
normal.

With a defined laser beam (diode laser, DioLas)
with a power of 1.0 watts and a stimulus duration
of 1 sec, reproducible pain could be provoked in
the epidural structures to be tested. Under endo-
scopic vision it was tested whether diagnostically
significant pain could be brought about in the area
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being examined or not. The pain intensity was as-
sessed by the patient on a scale of 0-10 on the basis
of the Numeric Rating Scale (NRS).

The question as to whether the radiologically
or epiduroscopically diagnosed pathological pro-
cesses of the pain patients with failed back surgery
syndrome (FBSS) constitute the actual reason for
pain was answered according to our results by the
fact that of the 120 pain patients with FBSS, in
73.3% of the tested patients the pain provocation
test was positive. This means that the endoscopi-
cally verified structures can actually be potential
reasons for pain.

In 26.7% of the patients, the pain provocation
test remained negative.

To confirm diagnosis, 120 biopsies were taken
from the epidural space via endoscopy. Of the
histological examinations, 70.4% revealed scarring
of the connective tissue structures. In 20.8% of the
biopsies there were lesions of the tissue structures
indicative of chronic inflammation.

In 73.3% of the FBSS patients with a positive
provocation test, 67% experienced memory pain in
the upper or lower extremities and in 33% of these
patients, memory pain could be stimulated in the
back. Overall, an average pain score of 6.5 (0-10
NRS) was elicited.

In 2007, another study of the pain provoca-
tion test during epiduroscopy was carried out by
Schiitze and Roohani. In the study of 36 patients
with lumbar spine syndrome, a standardized laser
epidural pain provocation test was carried out dur-
ing epiduroscopy. In 20 patients, the test was car-
ried out on only one side (on only the right or only
the left side) and in 16 patients, it was carried out
on both sides. The intensity of the pain stimulated
by the laser pain provocation test was assessed by
the 36 patients during the procedure using the Nu-
meric Rating Scale. Seven patients gave a score of 0
points on the Numeric Rating Scale, 13 patients re-
ported 6 points, 8 patients 8 points and in 8 other
patients, a pain score of 3.5 was reported.

In our experience with the epidural laser pain
provocation test (ELPPT), the scarred areas identi-
fied via epiduroscopy are frequently, but not regu-
larly, sensitive to pain.

It is conceivable that through the stimulated la-
ser contact, for example with epidural fibroses, an

irritation of the meningeal branch is provoked be-
cause the above-mentioned pathological processes
frequently adhered to the spinal dura mater, caus-
ing irritation of the meningeal branch. Afterward,
the patients reported temporary severe acute pain
in the pain region.

However, a precondition for performing ELPPT
is the cooperation of the patient during the test. A
level of analgosedation that is too high can have a
profound impact on the result. In our pain clinic,
CSM monitoring (cerebral state monitor, CSM,
danameter) during epiduroscopy under analgose-
dation has proved advantageous.

With the epiduroscopic test described above,
pain relevance of pathological structures can be
identified or ruled out. The epidural pain provoca-
tion test also plays an important role in issues of
pain appraisal.

Based on our clinical experience, results and
assessments, the epidural laser pain provocation
test has become an important and indispensable
differential diagnostic instrument in our pain as-
sessment work.

The establishment of a standardized endo-
scopic epidural laser pain provocation test has
boosted the significance of this special method of
diagnosing pain in spinal pain syndromes.
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With the introduction of spinal endoscopy in the
field of pain medicine, compared to other imaging
procedures the accuracy of the diagnostic findings
can be further enhanced. In addition, interven-
tions can be performed via the working channel of
the epiduroscope.

To perform epiduroscopy efficiently and en-
sure patient safety, it is essential for the pain thera-
pist performing the invasive procedure to have
experience in the examination methodology and
thorough theoretical knowledge, as well as a cer-
tain degree of manual dexterity.

In addition to exact endoscopic pain diagnos-
tics and professional technical management, the
success of epiduroscopy-assisted invasive pain ther-
apy depends on the selection of suitable patients.

In general, when carrying out any invasive
epiduroscopic procedure, a thorough clinical and
functional examination and imaging diagnostics
must be carried out. Regardless of the hospital
structure, epiduroscopy should ideally be per-
formed on a cooperative patient with adequate
continuous monitoring of the vital functions in a
suitable operating room.

5.1 Technical aspects

The history of endoscopy goes back to Bozzini, the
inventor of the »light conductor«. He was the first
person to successfully visualize the internal cavi-
ties of the human body.

Very old endoscopes consist of a rigid tube
through which the needed light was reflected by
a mirror. Longer endoscopes were also equipped
with lenses in a tube on the front end, which fi-
nally allowed minor passive movement.

In order to follow and inspect the course of
the natural body cavities without causing trauma,
efforts were undertaken to develop endoscopes
that were flexibly constructed. One further devel-
opment involved positioning a remotely produced
light with glass-coated fiber bundles on the tip of
the tube and transmitting the imaging informa-
tion via flexible, arranged fiberglass bundles (im-
age conductors) to the eye of the examiner. This
step was the key factor in making the endoscope
flexible.

There are two kinds of endoscopes: flexible
and rigid. Endoscopes can also be divided into
glass fiber or video endoscopes, according to the
type of image transmission they use.

In general, flexible endoscopes are used to
examine organs and view structures such as mu-
cosa, as well as for intervention. For this pur-
pose, medical technology provides endoscopes
with various outside diameters, lengths, working
channels and functions (@ Figs. 5.1 and 5.2). For
the most part, the individual components of dif-
ferent endoscope manufacturers cannot be easily
combined.

5.1.1 Structure and function
of endoscopes

The inner structure of the insertion tube of an
endoscope consists of metal bands or coils. The
outside of the tube is enclosed by a special rubber
material that serves to seal it. These materials are
either bonded together or have been joined by a
shrinking process. The bending section of the tube
consists of guidable cardanic joints. The joints are
guided by control cables and move the distal end
in the desired direction. The joints are surrounded
by a support system. The bending section rubber
ensures that the tube is sealed.

For the flexible endoscopes, lens systems pro-
vide for optical feedback and serve to close off the
inner parts of the endoscope to the surroundings.
The endoscope is guided by the guide wheels of
the control body. The endoscope can be actively
guided by means of Bowden cables.

The guide wheels shorten or lengthen the con-
trol cables, whereby the distal end can be deflected
as needed. Irrigation and suctioning can be per-
formed as needed via interior channels that are
guided by valves on the control body.

Instruments can be inserted via the working
channel near the control body. Video endoscopes
have a video clip at the distal end of the endoscope.
This video clip electrically transmits imaging in-
formation to the image processor. The signal is
transmitted via very fine electrical wires with a
diameter of approx. 0.1 mm, which are individu-
ally insulated.
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Bend protection

Control wire

Turnbuckle

B Fig. 5.1. Assembly of an epiduroscope (KARL STORZ, Germany)

_Working channel

Lens covering the
viewing bundle

B Fig.5.2. Cross-section of the tip of an endoscope (KARL
STORZ, Germany)

Light and image conduction

In general, glass fibers are used for endoscopic light
guides. With conventional flexible endoscopes,
both the image and light are transmitted via glass
fiber bundles. For glass fiber endoscopes, image
transmission occurs via light-conducting fibers to
the eyepiece. A glass fiber light guide with a fiber
diameter of 7 to 10 pum consists of up to 60,000
fibers, which means a resolution of 60,000.

Turnbuckle
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Steering arm

Steering wire

Eyepiece
assembly

Transmission Vent valve

assembly

Light
connection

B Fig.5.3. Image transmission pixel by pixel. (KARL STORZ,
Germany)

Information on brightness and color is trans-
mitted via the individual glass fibers. This corre-
sponds to a resolution of approx. 240x180 pixels.
In the image guide, the glass fibers are located in
a coherent bundle. This means that the position of
each individual fiber is the same at the entry and
exit side. The image is transmitted, pixel by pixel,
via a bundle of sorted glass fibers (B Fig. 5.3).

In contrast, with a light conductor, the individual
fibers are not arranged in any particular order. The
so-called Moiré effect must be borne in mind, as it
decreases the quality of the image due to the super-
imposition of the fiber optic grid on the CCD grid.
This gives the optical illusion of two nearly identical
grids lying on top of each other. Depending on the
position, individual color pixels are taken into ac-
count on the video chip to a greater or lesser extent.
Electronic filters serve to eliminate the optical phe-
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nomenon. For this reason, videoscopes are used that
work electronically with a built-in CCD chip.

With video endoscopes, digital technology is
used for image transmission and production. A
CCD chip integrated on the lens of the endoscope
produces a digital image of the object, which is
transmitted to the relevant structural groups of the
video endoscope via electric wires to the processor.
The data received are processed by a processor or
are saved to a hard drive, CD or DVD and the sig-
nals are sent to a monitor. Video endoscopy guar-
antees that the image or object can be processed,
optimized or measured later on.

However, light guides now also exist that con-
duct the light by means of a gel as a transport me-
dium. A light guide or endoscope manufactured
by one company cannot necessarily be operated
with a light source from a different manufacturer.
However, leading manufacturers of endoscopes of-
fer suitable adapters upon request.

Angle of vision and effect

Due to optical laws there is a relationship between
the angle of vision and the magnification factor. A
large angle of vision means low magnification, simi-
lar to the wide angle in photography. With regard to
the working diameter of the endoscope, the larger
the diameter, the brighter and wider the image. A
small angle of vision results in a strong magnifica-
tion, similar to a telescopic lens in photography.

In the relationship between magnification
and the distance between the lens and the object
to be visualized with the endoscope, it must be
taken into account that the magnification factor
describes the size of the image or object relative to
the actual size. In line with this, the magnification
factor is inversely proportional to the distance. The
number of degrees of the angle of vision deter-
mines whether it is an oblique or direct view, a fore
oblique or front view, a right angle or lateral view
or a retrograde or rear view.

Angle of vision:
0° oblique or direct view

40 to 80° fore oblique or front view
90° right angle or lateral
110 to 120°  retrograde or rear

Flexible epiduroscopes must adapt to the con-
straints posed by the anatomical course of the spi-
nal canal. The access to the epidural space is not
arranged in a linear fashion. Thus the endoscopes
must be flexible in order to follow the anatomi-
cal course. This is a major impact factor for the
epiduroscope. In order for the epiduroscope to
bend as needed without negative effects, a laser
fiber cable is required with a diameter less than
300 pum. Fiber cables with a diameter of 265 um
are standard.

However, even normal use has a negative im-
pact on the epiduroscope. The major problems
involve physical factors resulting from mechanical
impact and the effect of the chemicals used during
reprocessing.

Practical tips
Epiduroscopes are sensitive medical precision in-
struments that must be handled with care.

Due to the risk of damaging or slicing open
the working channel, it is advisable not to insert
the needed microsurgical instruments into an epi-
duroscope in a bent position or into a deformed
shaft.

To prevent damage to the working channel and
the forceps themselves, the forceps’ double-action
jaws should not be opened until the forceps are
outside the working channel.

The laser fiber should always be inspected to
ensure it is intact before it is inserted in the work-
ing channel in order to prevent burns in the work-
ing channel.

Damage to the endoscope shaft can lead to the
lenses becoming loose or sliding around in the
epiduroscope.

The shaft end of the epiduroscope with the
integrated prism needs to be protected from tem-
peratures that are too high. Every endoscope man-
ufacturer has standard recommended values that
range from 65 °C to 70 °C and up to 130 °C for
exceptional applications.

If the epiduroscope is bent too sharply or is
heavily damaged, individual glass fibers can break
in the glass fiber light guide, which are visible as
black dots in the optic of the epiduroscope or on
the monitor (B Figs. 5.4 to 5.6).
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DO Fig. 5.4. Undamaged fiber bundle. The image conductor is
100% intact

B Fig. 5.5. Defective image conductor, still acceptable for EDS

B Fig. 5.6. Condition of fiber bundle after several uses. Image
conductor is defective
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5.1.2 Epiduroscopes

Epiduroscopy is a supplementary diagnostic imag-
ing procedure that can be used to reach otherwise
inaccessible epidural areas via an artificial percuta-
neous opening and an epiduroscope.

Epiduroscopes are flexible fiberscopes that have
been specially developed for the needs of spinal en-
doscopy and have been adapted to meet the require-
ments of various certifications for clinical use.

The epiduroscopes favored by us are reusable,
flexible epiduroscopes that have a certain degree of
rigidity and are non-buckling. The epiduroscopes’
especially smooth surface makes them particularly
well suited for clinical interspinal application.

Epiduroscopes have various outside diameters
ranging from 0.5 mm to 3.8 mm and are generally
equipped with a working channel of 0.9 mm to
1.5 mm (BFig.5.7). A distal opening angle of 90°
and an optimized proximal image enlargement can
provide excellent picture quality despite a distal
lens size of far less than one millimeter.

The eyepiece is connected with a camera sys-
tem. In clinical practice, a digital 3-chip camera
system has also worked well, because the endo-
scopic image is transferred on three separate color
chips. This allows color, contrast and resolution to
be optimized directly on the camera head.

Various epiduroscopes and endoscopes for spi-
nal endoscopy are available on the international
market. The varying technical quality of the picture
quality, outside diameter, working channel, flexibil-
ity, length of endoscope, reusability and tendency
to require repairs make many of them inadequate
or unsuitable for use.

bty Image bundle

~7-10 um
~15,000-->20,000 fibers

r==-- Light bundle

A ~25-30 pm
~25,000-30,000 fibers
Working channel

________ 4

B Fig.5.7. Image and light bundle (KARL STORZ, Germany)
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In general, the market niche for single-use epi-
duroscopes in Europe is considered to be limited,
not only for financial reasons. However, according
to Bader et al., the use of single-use endoscopes to
enhance patient safety from the point of view of hy-
giene is linked to worse optical image transmission,
which in turn reduces the benefits of the improve-

&

B Fig. 5.8. Epiduroscope by G. Schiitze (KARL STORZ, Germany)

Laserite ceramic tip
at the distal end of the
working channel

Active deflection
270% up
270° down

Torsion-proof,
B Fig. 5.9. Epiduroscope FLEX - X?
(KARL STORZ, Germany)

direct transmission of
angular momentum
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ments with regard to high-resolution video technol-
ogy. On the other hand, we have safe reprocessing
methods for reusable epiduroscopes at our disposal.
Standardized automated cleaning and disinfection
procedures, combined with proper manual pre-
cleaning, offers a high level of patient safety.

Most of the endoscopes available for use in
epiduroscopy throughout the world can either be
used to only a limited extent or not at all for mi-
crosurgical interventions.

At our pain clinic, we primarily use the EDS
systems from Karl Storz, Tuttlingen, Germany:

Epiduroscope. The flexible epiduroscope de-
veloped by G. Schiitze (Karl Storz, Tuttlingen,
Germany) is 40 to 70 cm long and has an outside
diameter of 2.8 mm (B Fig. 5.8). It has an integrated
working channel with a diameter of 1.2 mm. The
distal end can be deflected upward up to 120° and
downward as far as 170°.

Epiduroscope FLEX - X? (Karl Storz, Germany).
The flexible epiduroscope featuring FLEX-X? tech-
nology (B Fig.5.9) has a working length of 90 cm,
an angle of vision of 0° and can be deflected
from 270°/270° with a diameter of 3.1 mm. The

Improved strain relief
for greater durability

\
Rigid sheath
made of proprietary polymers
for quick and easy access
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epiduroscope has an integrated instrument chan-
nel 1.2 mm in diameter. The use of special poly-
mer materials for the endoscope shaft make the
FLEX-X? epiduroscope stand out for its resilience
and needed rigidity.

Special characteristics of the epiduroscope in-
clude an endoscopic image magnified by 50% and
a markedly improved picture resolution. Special
construction of the shaft allows the angular mo-
mentum to be directly transmitted with a 1:1 ratio.
This makes it easier to steer the epiduroscope. At
the distal end of the working channel there is a La-
serite ceramic tip that guarantees protection from
laser damage.

Miniature epiduroscope Karl Storz. For purely
diagnostic purposes, a spinaloscopy or epiduros-
copy with miniature endoscopes from Karl Storz,
Tuttlingen, Germany, access is also possible via the
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usual access points. The main feature of this endo-
scope is its especially small diameter of 0.5 mm, a
very high flexibility with integrated fiber glass light
guider, an angle of vision of 0° and an opening angle
of 55° and a usage length of 150 cm (B Fig.5.10).

The following epiduroscopy systems are also used
at our clinic:

Clarus Spine Scope. The semiflexible Spine
Scope™ (Phoenix Spine Scope Clarus Medical
System, Minneapolis, Minnesota), with an out-
side diameter of 2.3 mm, is designed for single
use only. The working length of the endoscope
measures 29.3 cm. The semiflexible Spine Scope is
equipped with an integrated working channel with
a diameter of 1.0 mm. The steerable endoscope tip
has a flexibility of 45° and the field of vision is 70°
(BFig.5.11).

B Fig. 5.10. Miniature epiduro-
— scope (KARL STORZ, Germany)

B Fig. 5.11. Clarus Spine Scope
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R. Wolf epiduroscope. Richard Wolf GmbH,
Knittlingen, Germany, manufactures a flexible epi-
duroscope with a length of 700 mm and an outside
diameter of 2.5 mm (7.5 F), as well as 3.0 mm (9 F).
The epiduroscopes each contain a working chan-
nel with a diameter of 1.2 mm (3.6 F) or 1.5 mm
(4.5 F). The distal end can be deflected upward up
to 130° and downward as far as 160° (B Fig.5.12).

Flexible fiber optic endoscopes (Myelotec). The
short, flexible Myelotec epiduroscope is primar-
ily used in the United States. The flexible fiber
optic endoscope with a diameter of 0.9 mm can
be placed with the help of a steerable, video-
supported 2.7 mm or 3.0 mm catheter (B Fig.5.13).
This catheter contains two working channels. The
epiduroscopic equipment consists of an epidural
endoscope, a video camera system and a video
monitor. Kawanishi et al. (2006) reported that
since 1996, they have used epidural endoscopes
(Myelotec) with a diameter of 0.9 mm, inserting
them from the sacral hiatus, in order to examine
the lumbar epidural space. However, Kawanishi et
al. also reported that several problems associated
with epiduroscopy still need to be solved. They
consider the dramatic pain relief brought about
through epiduroscopy to be remarkable, however,
and see it as a promising diagnostic tool.

5.1.3 Reprocessing epiduroscopic
equipment

The cycle of reprocessing epiduroscopes includes
preparation, manual cleaning, disinfection or ma-
chine cleaning and disinfection, inspection and
maintenance, packaging, sterilization and storage
and use (B Fig.5.14).

Flexible endoscopes are encapsulated systems
that are closed to their environments, and this
makes it difficult to inspect them visually. It
is advisable to carry out a visual check of the
epiduroscope for damage, especially of the inser-
tion tube, the angulation system and the optical
system.

The goal of inspection is to remove endo-
scopes before the reprocessing process. Before the
endoscope is placed in the automated reprocessor,
a leakage test must be carried out in line with
instrument manufacturers’ guidelines. To do this,
slight excess pressure is forced into in the inner
part of the endoscope, which allows larger per-
forations to be localized. When the endoscope is
then immersed in water air bubbles will escape at
damaged areas.

Endoscopes, which are inserted into tissue or
in sterile epidural areas must be absolutely sterile
when used. After cleaning and disinfection, epi-

B Fig. 5.12. Epiduroscope (Richard Wolf GmbH, Knittlingen, Germany)

B Fig. 5.13. Myeloscope (Myelotec, Inc. Roswell, GA, USA)
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duroscopes must undergo a special sterilization
procedure. Endoscopes or parts of endoscopes or
accessories that can withstand high temperatures
should be sterilized in an autoclave.

It is best for thermolabile epiduroscopes or
parts of endoscopes to undergo plasma steriliza-
tion or gas sterilization with ethylene oxide.

Immersing the epiduroscope in solutions con-
taining aldehyde with a sporicide effect is not an
acceptable sterilization procedure!

In Europe, and in Germany in particular, dis-
infection and sterilization of medical products in
health care facilities is regulated by the German
Act on Medical Devices (MPG), Federal Law Ga-
zette no. 657/1996 in its current version. Accord-
ing to this act, the cleaning, disinfection and ster-
ilization with such devices or automated systems

55 5

and suitable validated procedures are to be carried
out such that the success of the procedures can
be guaranteed on a long-term basis and the safety
and health of patients, users or third parties is not
compromised. With regard to endoscopic equip-
ment and current organization and implementa-
tion of reprocessing of epiduroscopes, the health
to the fiber bundle, damage to the casing of the
epiduroscope or blurriness.

The manufacturer (Karl Storz) issues a certifi-
cate of authenticity that certifies that the epiduro-
scope that has been returned and repaired is an
original flexible Eclass fiberscope. The user is also
guaranteed that the reprocessed epiduroscope has
been manufactured and inspected according to the
same high standards of quality, meeting the same
demands as a new epiduroscope.

B Fig. 5.14. Manual cleaning of epiduroscopes
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Repairs

Even when they are used carefully, epiduroscopes
are subject to various changes and wear and tear.
According to Hilger, clinical experience shows that
in hospital operations in many cases the life expec-
tancy of an endoscope is only about three years.

The flexible epiduroscope is a complex medi-
cal technical, sensitive precision instrument and is
connected with a wide range of materials such as
plastic, metal and glass in a watertight manner by
gluing or bonding.

According to Bader et al., potential interac-
tions through cleaning agents and disinfectants
can cause plastic to be penetrated, dissolve glued
areas and corrode metals, causing problems during
the reprocessing of epiduroscopes. The interaction
of alcohols and amino derivatives with plastics and
adhesive connections can also lead to a penetra-
tion of these substances of disinfectants into the
epiduroscope.

At our hospital, an average of 15 epiduroscopy
procedures are carried out with each individual
epiduroscope each year before they are sent to the
manufacturer for repair due to leakage or damage
to the fiber bundle, damage to the casing of the
epiduroscope or blurriness.

The manufacturer (Karl Storz) issues a certifi-
cate of authenticity that certifies that the epiduro-
scope that has been returned and repaired is an
original flexible Eclass fiberscope. The user is also
guaranteed that the reprocessed epiduroscope has
been manufactured and inspected according to the
same high standards of quality, meeting the same
demands as a new epiduroscope.

OTable 5.1 presents a list of damage reports
on defective Karl Storz epiduroscopes occurring
among 263 epiduroscopic procedures performed
in our pain clinic in 2006. During the overall pe-
riod, the same epiduroscope was used an average
of 16.4 times. After 30.48 EDS procedures, damage
to an epiduroscope was observed.

Cleaning and disinfection

Cleaning is an integral part of instrument repro-
cessing. Without reliable, and in particular, vali-
dated cleaning of epiduroscopes, successful steril-
ization is not possible.

Automated cleaning and disinfection is the
preferred method because variables such as time,
temperature, chemicals and mechanics can be bet-
ter managed. Single and multi-chamber washers

B Table 5.1. Damage reports on defective epiduroscopes in 2006 (at the Iserlohn Pain Clinic)

Repairs

Epiduroscope Steering defective, tube nozzle defective and leaky 2
11301AB1

Signs of wear and tear, steering and tube nozzle defective 1

Signs of wear and tear, tube nozzle defective 1

Signs of wear and tear, tube nozzle defective and leaky, cloudy image conductor 1

Signs of wear and tear, tube nozzle defective and leaky, defective image conductor 1

Light fibers broken, steering broken 1

Image conductor cloudy, insufficient angle, defective image conductor 1

Image conductor cloudy, mechanical damage to shaft, tube nozzle defective and 1

leaky, tube leaky

Signs of wear and tear, tube nozzle defective and leaky, cloudy image conductor 1
Epiduroscope Signs of wear and tear, steering broken, tube nozzle defective and leaky 1

11161 EL2
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and disinfector are used. At our clinic, we use the
Endo Thermo Disinfector, Olympus ETD3 Basic
GA (Olympus Winter & Ibe GmbH, Hamburg,
Germany) for automated cleaning and disinfection
of the flexible epiduroscopes.

For watertight endoscopes, automated cleaning
and disinfection can be performed. For reprocess-
ing, proper transportation of the endoscope must
be ensured (B Fig.5.15), and the endoscopic equip-
ment must be disassembled and in some cases
manually pre-cleaned.

During the reprocessing of epiduroscopes, the
following problems may occur:

insufficient manual pre-cleaning prior to auto-
mated cleaning and disinfection
incompatibility of the ingredients used in the
agents (detergents with or without an antimi-
crobial effect) used for preparation with the
active ingredients of agents used for final disin-
fection

insufficient rinsing of detergents.

B Fig. 5.15. Endo Thermo Disinfector (OLYMPUS WINTER & IBE
GmbH, Hamburg, Germany)
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Sterilization

Ideally, when sterilizing an epiduroscope, all micro-
organisms and their spores are eliminated and vi-
ruses, plasmids and DNA fragments are destroyed.
There is an important technical distinction between
disinfection and sterilization. With sterilization,
out of one million bacterial spores, no more than
one may survive. Steam is not suitable for all kinds
of sterile goods, especially not for modern instru-
ments that are made of combinations of materials.

Currently, according to the Swiss NOSO CJD
Task Force for Switzerland, the risk of transmitting
prions during endoscopic procedures can neither
be confirmed or quantified. Despite the fact that
currently no procedure exists that is both compat-
ible with the flexible, reusable epiduroscopes and
is fully effective against prions, Balmelli reports
that certain countries have published guidelines
for this area.

The packaging material must also be coordi-
nated with the particular sterilization procedure.
The stringent regulations for sterile goods packag-
ing must be observed. In addition, a number of
European and U.S. standards are in place for steril-
ization that must be adhered to.

Ethylene oxide sterilization. Ethylene oxide can
be used to sterilize medical devices and materials.
However, this procedure should only be used if the
classic thermal procedures with steam or hot air
cannot be used because of the heat-sensitive nature
of the goods to be sterilized.

Ethylene oxide is a reactive, flammable gas
that forms an explosive mixture with air. For this
reason, a mixture with inert gases is required. Eth-
ylene oxide is irritating to the respiratory tract. It is
a protoplasmic toxin and can cause cancer. It has
good penetration properties and is absorbed by
many materials, which requires airing times rang-
ing from four hours to two weeks (up to < 1 ppm
residual content). The sterilization temperature is
50 to 60 °C. The gas ethylene oxide combines with
all types of proteins, cells, viruses and cell compo-
nents and inactivates them irreversibly. In addition,
ethylene oxide on its own inactivates bacteria and
viruses if the concentration is sufficiently high.

The long airing times required for gas steriliza-
tion limit its use in practice, however. The risks
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associated with dealing with ethylene oxide and
the long airing times are problematic for epidu-
roscopy sterilization. In Germany, guidelines for
identifying and assessing the risks associated with
ethylene oxide are laid down in Technical Rule 420
of the Technical Rules for Hazardous Substances
(TRGS).

Plasma sterilization. Plasma sterilization can be
used for most medical thermolabile instruments
and devices. In our clinic, it has made great strides
in the sterilization of highly-sensitive epiduro-
scopes and will ultimately replace ethylene oxide
sterilization in the long run.

Plasma sterilization is based on the stimulation
of hydrogen peroxide through high frequency at low
pressure. This creates so-called peroxide plasma.
This is a relatively new low-temperature sterilization
procedure that was primarily developed for heat-
and moisture-sensitive instruments and materials.
The impact of hydrogen peroxide in combination
with high frequency sterilizes the epiduroscopes.
Plasma sterilization is not effective against prions.
Compared to the conventional procedures, plasma
sterilization has major advantages, because it works
without radioactivity, high temperatures or toxic
chemicals. Plasma sterilization does not leave be-
hind any health-compromising residues. It is energy
efficient and environmentally friendly.

Dry sterilization at 45 to 50°C without toxic
residues and quick reprocessing cycle times for
epiduroscopes are advantages offered by plasma
sterilization.

Since the introduction of plasma sterilization
at our clinic, we have used these advantages in
the sterilization of our flexible, reusable epiduro-
scopes.

5.2 Camera and video technology/

DVD/CD-ROM

The constantly increasing complexity of epiduro-
scopic procedures calls for the opportunity for sev-
eral parties to view the procedure simultaneously
and for uninterrupted documentation. The best so-
lution for meeting these needs is high-quality video
technology, which is used during epiduroscopy.

In response to the important role epiduroscopy
place in diagnosing spinal pain syndromes, the
industry has pushed forward the development of
endoscopic video technology.

We use the IMAGE 1° (B Fig.5.17), which is
a digital video camera for the PAL and NTSC
color systems. With the introduction of the new
completely digital IMAGE 1° epiduroscopic 3-chip
camera with the integrated IPM digital image pro-
cessor, our expectations for an enhanced image
quality for use in epiduroscopic diagnostics have
been met. The use of the new IMAGE 1™ HD
greatly improves the picture quality. The picture
quality is presented in a 16:9 aspect ratio format
and 1080 p-resolution for »FULL HD« technology
with 2 million pixels. This is the highest possible
resolution in medical technology.

With the TRICAM® 3D Endovision, Karl Storz
introduced a three-dimensional endoscopic video
system with three-chip technology for the PAL and
NTSC color system to our pain clinic. The modular
assembly allows us to integrate the central manage-
ment, data processing and administration and tele-
medicine in the operating suite for pain surgery.

For some time now, Karl Storz has also offered
autoclavable cameras. The new three- and single-
chip digital cameras (B Fig.5.16), including the at-
tachment cable, can be sterilized by autoclaving.
Autoclave sterilization saves time and money by
allowing rapid reprocessing and faster turnaround
between cases. Today’s digital cameras offer clearer
and higher-resolution images than the previous
analogue video cameras. IMAGE 1° is a video cam-

B Fig.5.16. The autoclavable IMAGE I® camera (KARL STORZ,
Germany)
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era system with which the optical analogue images
of the CCD sensing chip are converted to digital
directly behind the chip while still in the camera
head. This has the advantage that the image data
are available continuously in digital form in the
entire camera system at the highest possible quality.
In addition to not being vulnerable to disruptions
from external impacts, such as the use of HF sur-
gery, it also provides advantages for digital image
optimization. With Karl Storz video systems, this
is integrated in the standard model through the
digital IPM module. Since all camera heads manu-
factured by Karl Storz work with a single CCU, sur-
geons can use any IMAGE 1° camera head for any
procedure, across every speciality. In addition, all
new IMAGE 1° products are fully compatible with
existing IMAGE 1° systems. With parfocal optical
zoom capabilities and digital fiberscope filtration,
IMAGE 1° autoclavable cameras automatically op-
timize the view for all endoscopes. Intuitive sterile
filed access and control of all camera operations is
enhanced at the press of a button.

In addition to all analogue signals, the IM-
AGE 1° (BFig.5.16) video camera system has full
Digital Video (DV) and Serial Digital Interface
(SDI) compatibility for high-resolution, high-fi-
delity images.

For our operating suite, SDI is the preferred
signal routing, image capture and display proce-
dure. This technology allows the new ergonomic
19" TFT monitors to deliver more detailed, bril-

B Fig.5.17. Imaging system (IMAGE/HDTV camera, AIDA doc-
umentation system, Twin Video, KARL STORZ, Germany)
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liant video sequences than the previous monitors
with picture tubes.
Advantages of High Definition (HD) technol-
ogy for EDS:
The up to 6-fold greater input resolution of the
camera achieves greater detail and depth of
field.
The 16:9 format enlarges the viewing field dur-
ing image generation.
HD enhances ergonomic viewing.
The images’ brilliant colors optimize the evalu-
ation of epiduroscopic findings.
The lateral view is broadened by 32% when
retracting the epiduroscope, while maintaining
the same magnification as a standard system.
Potential vertical information loss is restored
and the lens stays clean.

5.3 Documentation

In order to record and transmit the EDS OR data,
we use the KARL STORZ Advanced Image and
Data Archiving System (AIDA) 2.0 modular sys-
tem concept. With a push of a finger on the touch
screen, via foot switch or via camera head key, still
images, and video and audio sequences during
the diagnostic or therapeutic procedure can be
recorded and saved. The system replaces printers,
VCRs and dictaphones with the AIDA computer-
based archiving and documentation system.

The AIDA system consists of a database-sup-
ported application software and a corresponding
hardware platform with a Windows operating sys-
tem. The epiduroscopy data can be saved in an
AIDA database on a patient-by-patient basis, can
be saved to CD/DVD and/or transmitted to other
systems (PACS, RIS and KIS) by CICOM3 and/or
HL7 interface.

For our epiduroscopic procedures we also use
the complete Image Management System, a digital
patient image and document management system
by Richard Wolf. From work stations for image
capture, processing and archiving, it offers a range
of server, network and telecommunications solu-
tions for every conceivable form of image manage-
ment and customized solutions for our particular
needs.
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With these systems, all data from the diag-
nostic or therapeutic procedure can be recorded
directly from the sterile epiduroscopy area.

Comments on individual working steps can
be recorded while the imaging material is being
recorded.

The system control is tailored to the tasks and
needs in the OR and offers exactly the functions
that are currently needed, from recording patient
data to defining data use, in a step-by-step manner.

The prepared text templates allow a surgical
report on an invasive and interventional procedure
to be generated in a very short time.

In 2006, the consensus committee of the World
Initiative on Spinal Endoscopy (WISE) met in
Graz and agreed that EDS data for documentation
must include the following information:

type of device

quantity of injected fluids

duration of the procedure

adverse effects and complications

type of EDS (diagnostic or therapeutic)

associated procedures (laser, RE, mechanical

adhesiolysis).

5.4 Work station

The modular assembly of the EDS examination
unit allows us to integrate the central manage-
ment, data processing and administration and tele-
medicine in the modern operating suite. With the
introduction of the IMAGE 1° (BFig.5.18b), the
newest digital epiduroscopic 3-chip camera with

the integrated IPM digital image processor, our
expectations for enhanced epiduroscopic image
quality were nearly completely met. Now, with
the TRICAM?® 3D, a three-dimensional endoscopic
video system with a digital 3-chip camera for the
PAL and NTSC color systems has been introduced
in the clinic. In addition, we use the Richard Wolf
MEDIMAGE system, a complete, digital patient
image and documentation system (8 Fig. 5.18a).

5.4.1 Technical assistance in the
operating room

At our pain clinic, an operating room techni-
cian does all preparations for epiduroscopy and
prepares the necessary instruments and devices.
The technician is also responsible for maintaining
sterility and antisepsis.

After preparing for the surgical procedure itself,
the technical assistance prior to epiduroscopy pri-
marily involves connecting the sterile epiduroscope
with the camera from the unsterile area. To solve the
problem of the sterility of the camera, it is placed in
a sterile long plastic sleeve along with the light cable
and is connected with the sterile epiduroscope and
the light cable. The use of a sterile epiduroscope
holding system, consisting of an articulated stand
with a clamping jaw, mounted on the operating
table (B Fig.5.19) has proven to be very helpful.

Our saline solution irrigation system warmer
set must be connected to the working channel
of the epiduroscope. Other technical preparations
for epiduroscopy include entering the necessary

B Fig. 5.18a,b. a MEDIMAGE work station, b IMAGE 1° work station
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patient-related and technical data into the AIDA
system, checking parameters such as the intensity
of light, the depth of focus, magnification, contrast
and adjustment of the white balance.

Other assistants or the surgeon can manually
or centrally control the devices integrated in the
epiduroscopy system by pressing a touch screen,
using an autoclavable remote control or speaker-
independent voice control.

After creating a suitable access to the epidural
space, the operating room technician gives the
examiner the desired instruments and devices and
assists with epidural navigation.

Our operating room is equipped with a num-
ber of highly developed specialized devices for
epiduroscopy. Controlling the various devices and
computers can be complicated, and adds to the
stress on the part of the surgeon and the operating
room technicians. In addition to controlling the
high-quality endoscopy equipment, the assistants

B Fig. 5.19. Holding system for the epiduroscope

B Fig. 5.20a—c. Instruments required for EDS
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often have to operate the C-arm, saline irrigation
system and laser and ultrasound technology simul-
taneously.

The newer digital technologies allow an im-
proved concept for epiduroscopic diagnostics.
With a simple, easy-to-use menu navigation sys-
tem and control of the high-tech medical devices,
new accents are being set in central operating
room control. Cross-linking the high-quality en-
doscopy equipment allows OR personnel to man-
age the central system and devices via a central
control panel. The menu navigation is easy to
understand, simplifying use for the surgical as-
sistants. The need to operate a complete digital
patient image and document management system
from a work station for image capture, processing
and archiving, as well as server, network and tele-
communications solutions, requires a high level of
expertise by the assistants during epiduroscopy.

At our pain clinic, we go to great lengths to of-
fer training and continuing education for especially
apt and motivated nursing and technical staff. This
in turn ensures us highly skilled staff providing
technical assistance for invasive and interventional
procedures, especially for epiduroscopy.

5.4.2 Instrumentarium

In addition to the digital endo-camera system,
which consists of the epiduroscope, light guide
and camera with a cable, carrying out epiduro-
scopy and endoscopic surgery requires that the
proper sterile instruments are laid out on an in-
strument tray (B Fig.5.20a—-c). For epiduroscopy,
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B Table 5.2. Instruments required for EDS

B Table 5.3. Instruments required for EDS

Digital endo- 1 epiduroscope Prep A Gowns
camera system
1 light conductor Gloves
1 camera, including cable Patient drape sheets
Basic instru- 1 sponge forceps C-arm cover
ment set for EDS
6 towel clamps Cover for epiduroscope holder
1 scalpel Prep B Epiduroscope:
Camera cover
1 smooth forceps 3-way stopcock
Hemostasis valve
1 tissue forceps Light cable
1 dissecting scissors Saline attachment on solution warmer:
Infusion set with flow regulator
1 needle holder 2 Heidelberger extensions
1 cutaneous suturing material Instrument Sponge forceps
with needle tray
Towel clamps
Compresses
Tissue forceps
Additionally 1 camera cover
required sterile Scissors
disposables 1 introducer set 9.5 F
Needle holder
1 infusion line
Scalpel

1 hemostasis valve

1 Heidelberger extension

1 3-way stopcock

2 5-mL syringes (saline, contrast
agent)

1 10-mL syringe (contrast agent)

we have put together a special EDS set that con-
sists of the sterile instruments presented in the
tables above (B Tables 5.2 and 5.3):

Materials for epiduroscopy that need to be
available in the OR include local anesthetics, con-
trast agents, surgical needles, saline and syringes,
transport containers for tissue specimens and
smears, catheters with stylets, electrodes, long,
flexible foreign body forceps, laser fibers, intro-
ducer sets 9.5 F and 11.0 E a fluid warmer for ir-
rigation fluid and dressing materials. A great deal
of time and money can be saved if the materials
are sterilely packaged in ready-to-use coordinated
sets.

Tuohy needle

Introducer set

Epidural catheter

Biopsy forceps
Laser fibers

Dishes for saline, disinfection, local
anesthetic

20 mL syringe for local anesthesia with
infection needles

10 mL syringe for contrast agent
(Solutrast 250M)

5 mL syringe for saline

5 mL syringe for contrast agent
(Solutrast 250M)

Suturing material
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5.5 Preoperative management

When performing elective invasive EDS proce-
dures, certain standards for preoperative man-
agement must be observed. Because clinical pain
symptoms and radiological findings are also used
to explain spinal pain syndromes, assessing diag-
nostic examinations can be difficult. The diagnostic
method is selected based on the patients previous
course of disease and the current clinical findings.

The multidisciplinary findings (e. g. radiologi-
cal, neurological and psychiatric, orthopedic and
neurosurgical findings, as well as the results of
internal medicine and lab tests) and an informed
consent discussion with the patient outlining the
risks of the procedure are all integral parts of pre-
operative management for epiduroscopy.

5.5.1 Preoperative history,
clinical examination and

anesthesiological evaluation

By obtaining an in-depth history of the patient’s
pain and carrying out a thorough clinical examina-
tion, the surgeon can distinguish between nocicep-
tive and neuropathic or mixed pain.

In addition to obtaining a detailed pain his-
tory, the surgeon also needs to carry out a clini-
cal neurological examination. On a case-by-case
basis, other diagnostic tests may include inspec-
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tion, gait and posture examination, functional ex-
amination of the mobility of the spine, tests for
tenderness and pain on percussion, as well as
provocation tests. In addition, the straight leg raise
test (Lasegue’s sign), the femoral nerve stretch test,
Bragard’s sign, finger-floor distance and Schober’s
test should be carried out.

The examination must include an assessment
of reflex status. In addition, motor strength should
be assessed according to the British Medical Re-
search Council Motor Grading Scale. A sensitiv-
ity test is also essential. A combination of root
compression syndromes with myelopathy is also
conceivable; thus symptoms of spinal cord injury,
such as spasticity, ataxia, gait disorder and patho-
logical reflexes should be observed. Kriamer has
compiled the cardinal signs of lumbar root syn-
dromes (B Table 5.4).

In general, as with an acute radicular clini-
cal finding with deficits, a therapy-resistant pain
syndrome should be clarified with the use of an
appropriate sectional imaging technique, such as
MRI or computed tomography. Imaging diagnos-
tic findings that are of particular interest prior to
epiduroscopy include results of MRI, CT, discogra-
phy, myelography, and in some cases, plain radiog-
raphy. They also provide the examiner with a basis
for epiduroscopic navigation.

In order to prepare for the invasive procedure,
both imaging and neurophysiological examina-
tions are essential.

B Table 5.4. Cardinal signs of lumbar nerve root syndromes (according to Kramer)

Segment Peripheral pain and area of Motor disorders Diminished Nerve root
hypesthesia (Key muscle) reflex tension sign
L1/L2 Inguinal area - - (Femoral nerve
stretch pain)
L3 Anterior aspect of thigh Quadriceps Patellar reflex (Femoral nerve
stretch pain)
L4 Anterior aspect of thigh, medial Quadriceps Patellar reflex (Positive Laségue’s
aspect of calf and foot sign)
L5 Lateral aspect of calf, medial aspect Long extensor = Positive Laségue’s
of the dorsum of the foot, great toe muscle of great toe sign
S1 Posterior aspect of the calf, heel, Triceps surae, glu- Achilles tendon Positive Lasegue’s

lateral margin of the foot, third to
fifth toes

teal muscles

reflex sign
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The patient’s experience of pain is colored by
his or her subjective perception, as well as emo-
tional and social factors. Pain assessment and doc-
umentation is also essential, both for preparation
and for monitoring the course of treatment, check-
ing the pain diagnosis and adapting treatment.
The extent to which the patient is able to undergo
the comprehensive battery of tests depends on the
overall condition of the patient.

Prior to epiduroscopy, a consultation with the
patient takes place in which he or she is informed
about the planned epiduroscopic procedure, as
well as follow-up treatment and the disclosure of
possible complications. In addition, the patient is
given written information about the procedure and
is asked to sign a consent form.

For quality assurance reasons, it is essential to
properly document the basic information on the
patient consultation about the procedure as well as
the patient’s consent to undergo epidural diagnos-
tic and pain treatment procedures.

5.5.2 Electrophysiological tests

Electrophysiological tests are used for special is-
sues in the diagnosis of spinal pain syndromes. In
order to objectify radicular symptoms in the case
of pain that radiates into related areas for longer
than 4 weeks, electromyography (EMG) is indi-
cated. Identifying pathological electrophysiological
potentials can be helpful when examining spinal
canal stenoses or myelopathies.

Electrodiagnostic studies of the muscles and
the associated nerves are necessary to determine
the extent and acuity of a nerve root disorder and
to localize it.

Assessing nerve conduction speed is a standard
neurophysiological examination that shows how
quickly an electrical impulse is transmitted along a
nerve fiber or a nerve bundle. Electrophysiological
diagnostics are well suited for diagnosing subclini-
cal neurogenic lesions and for differential diag-
nosis of myopathies, as well as for the diagnosis
of neuropathies, including exclusion of peripheral
nerve root compression syndromes.

Somatosensory evoked potentials (SSEP) eval-
uation is an extension of sensory neurography.

This involves electrostimulation of somatosensory
nerve fibers, which stimulates action potentials
that are conducted afferently via the main nerve,
plexus, posterior roots, posterior bundles of the
spinal cord, brain stem and thalamus to the post-
central cortex.

SSEP studies are helpful for diagnosing disor-
ders in the area of the sensory neural pathways,
from the posterior funiculi to the parietal cortex.
Damage caused by inflammatory disorders, spinal
cord compression or growths, as well as by cervical
myelopathy, can be assessed. SSEPs can be used to
identify interruptions to or deceleration of nerve
conduction as a result of disc injuries or neural
inflammation. Electrophysiological diagnostics are
used for special clinical concerns prior to perform-
ing EDS.

5.5.3 Other tests

Preoperative ECG. In patients over 40 or patients
with known cardiovascular disease or risk factors
or who have cardiac illnesses including dyspnea
on exertion or chest pain, administering cardiac or
cardiotoxic drugs (cytostatics) and performing an
ECG is recommended.

Preoperative chest X-ray. A chest X-ray is re-
quired for patients over 60, and for patients with a
history of or current lung or intrathoracic disease,
myocardial or valvular disorders, pathological vital
signs or clinical examination results.

Lab tests. For preoperative work-ups or differ-
ential diagnosis, a basic lab test can rule out
certain pathologies with a high degree of cer-
tainty or can point to other causes. Special im-
munological tests such as anti-Borrelia antibodies
or liquor diagnosis are called for depending on
the differential diagnostic aspects. CRP and ESR
parameters may be used in the case of inflam-
matory spinal diseases, while glucose and HbAlc
levels are checked in neuropathies caused by
diabetes.

For patients under 60, it is recommended that
lab tests for hemoglobin, glucose, sodium, potas-
sium, creatinine, alanine aminotransferase, urea
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and clotting (prothrombin time-PTT, platelet
counts) be performed.

For patients over 60, lab tests for hemoglobin,
glucose, potassium, creatinine, urea, alanine ami-
notransferase and bleeding time should be carried
out. For patients assigned to categories ASA I and
ASA TI, blood clotting tests are only necessary if
they have a history of clotting disorders or are tak-
ing anti-coagulants such as salicylic acid.

Case studies on epidural bleeding in epidural re-
gional anesthesia lend credence to the assumption
that there is a link between anticoagulation carried
out perioperatively and thrombosis prophylaxis
with low molecular weight heparins. In line with
the recommendation by the consensus committee
of the Second Consensus Conference on Neuraxial
Anesthesia and Anticoagulation (see ASRA web-
site: www.asra.com/consensus-statements/2.html)
of the American Society of Regional Anesthesia
and Pain Medicine (ASRA) and the German Society
for Anesthesiology and Intensive Care Medicine
(DGAI), risk to the patient should be reduced by
maintaining certain time intervals between appli-
cation of regional anesthesia (epiduroscopy) and/
or catheter removal, on the one hand, and applica-
tion of thrombolytics, on the other.

It is recommended that in patients with non-
elective procedures for whom an epidural regional
anesthesia procedure is planned, thromboprophy-
laxis should be started early after admission with
5,000 units of unfractionated heparin adminis-
tered subcutaneously in order to gain as much
time as possible before the procedure. Afterward,
thromboprophylaxis can be adapted to the risks,
for example, with a low molecular weight heparin
approx. 7 to 9 hours after initial administration of
unfractionated heparin, which generally results in
a time interval of more than 4 hours after epidural
regional anesthesia. The risk to the patient can be
reduced by maintaining time intervals between
epiduroscopy and/or catheter removal, on the one
hand, and application of thromboprophylaxis, on
the other.

Duration of thromboprophylaxis should be de-
pendent on additional risk factors particular to the
patient, to the surgical trauma and the degree of
immobility.
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To meet the needs and standards for patient
safety, an independent anesthesiological stand-by
should be used during the epiduroscopy.

5.5.4 Standards for hygiene

When performing epiduroscopy, stringent safety
standards for hygiene must be maintained. Abso-
lute sterile techniques must be adhered to in the
operating room when performing epiduroscopy.

In addition to surgical hand disinfection, the
surgical staff must wear sterile gloves and gowns,
masks and caps. Proper skin disinfection and ster-
ile drapes, as well as the use of disposable materials
(packaging of the light guide, laser, C-arm) are
indispensable.

We recommend perioperative antibiotic pro-
phylaxis. Administering a one-time dose of an
antibiotic intravenously prior to the procedure is
an effective method for preventing infections dur-
ing the procedure. We generally use a one-time
IV bolus of 1.5 g of cefuroxime immediately prior
to carrying out epiduroscopy. We do not consider
long-range antibiotic prophylaxis to be necessary.

5.5.5 Positioning

Because of the sacral approach to the epidural
space, the patient is positioned prone on the op-
erating table. While epiduroscopy can also be per-
formed in the lateral position, it is much easier and
safer for both patient and surgeon when epiduro-

B Fig. 5.21. Positioning the patient
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scopy is performed with the patient in the prone
position.

In order to simplify the technical procedure
of puncturing the sacral canal, the operating table
can be slightly bent near the patient’s buttocks. In
order for the sacrum to be exposed horizontally,
a pillow may be placed under the patient’s hips.
To facilitate the puncture, the patients heels may
be turned outward and toes turned inward. To
prevent disinfectants from spilling into the anal
or genital area, a layer of gauze should be placed
in the intergluteal cleft. In our experience, the
procedure does not demand any special technical
positioning requirements.

5.6 Anesthesia management

The anesthesiologist is responsible for anesthe-
sia management, including informing the patient,
ordering lab tests, selecting and carrying out the
analgesic procedure and postoperative care. Ac-
cording to studies by Buchner et al., patients with
chronic back pain show a higher incidence of co-
morbidity. The authors considered the impairment
due to comorbidity to be higher than for control
persons.

Anesthesiological standards for preparing the
operating room and carrying out the invasive pro-
cedure must be maintained at all times.

If required, the patient may be premedicated,
for instance with midazolam 0.05 mg to 0.1 mg/kg
administered intramuscularly or orally. In isolated
cases, continuous analgosedation administered on
an out-patient basis may also be beneficial for epi-
duroscopy, as this form of anesthesia management
offers good control and entails an extremely short
recovery phase after the operation.

To optimize patient safety, and quality of ther-
apy and treatment, we are increasingly using an
CSM (cerebral state monitor) monitoring system
when analgosedation is required. CSM monitoring
during analgosedation allows an adequate dosage
of the hypnotic. Monitoring sufficient deep seda-
tion is in turn a good method of ensuring that the
patient’s respiratory tract is free (risk posed by
the prone position of the patient) or to prevent
risk of pressure on the brain increasing, because

trends toward too deep or too shallow sedation
can be detected. Cerebral state monitoring allows
the quality of analgosedation to be improved, es-
pecially during performance of the epidural pain
provocation test.

As with all types of epidural anesthesia, all
equipment for treating complications must be in
place. Before beginning epiduroscopy, prepara-
tions should be made. These include setting up
an IV with infusion, blood pressure measurement,
ECG and arterial O, saturation (Sa0,).
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6.1  Accessing the epidural space

The entry to the sacral canal is afforded by the
sacral hiatus in the area of S5 (B Fig. 6.3). The sacral
approach was described by Sicard and Cathelin in
1901 and was used in 1909 by Stoeckel to adminis-
ter analgesia during vaginal delivery.

However, we consider the approach to the epi-
dural space via the sacral hiatus, which we prefer
for epiduroscopy, to not be free of complications,
due to its constantly surprising and impressive ana-
tomical variability. The anteroposterior diameter
of the sacral canals studied by Trotter averaged
5.3 mm. However, in 5.5% of the cases they mea-
sured less than 2 mm. The lateral extension of the

sacral canal varies according to its volume between
12 and 65 mL. In their studies, Lanier et al. reported
a mean distance of 47 mm from the spinal dura
mater to the apex of the sacral hiatus with a range
of 19 to 75 mm (B Fig.6.1). In 2004, Sekiguchi et al.
carried out an anatomical study in which they ex-
amined 92 sacral hiatuses. In 42% of the cases, both
the sacral hiatus and the sacral horns could be iden-
tified. The average diameter of the sacral canal was
6.0 mm. The most important finding of the study is
the fact that 3% of the sacral hiatuses were closed.

The sacral hiatus is closed by the sacrococ-
cygeal ligament. In order to approach the epidural
space, this membrane must be perforated by the
introducer (B Fig.6.2).

B Fig.6.1. The sacrum is formed by the fusion of the five sacral vertebrae. The vertebral canal runs downward through the
sacrum and terminates in the sacral hiatus. This gap is caused by the absence of the vertebral arch in the fifth sacral vertebra
(Source: Buckhgj in: Scott, Techniques of Regional Anesthesia, 1996)

Lig.
sacrococcygeale

B Fig. 6.2. Sacrococcygeal ligament (Source: Wildsmith, J.AW.,,
Armitage, E.N. 1991)

B Fig. 6.3. Position of the introducer (Source: Wildsmith, J.AW.,
Armitage, E.N. 1991)
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A wide range of methods for identifying the
epidural space have been described in the litera-
ture. The technique of choice is the loss of resis-
tance method, or negative pressure in the epidural
space. The loss of resistance technique is based
on the fact that the position of the introducer
tip causes marked resistance within the ligaments
upon injection, which suddenly lets up after it
passes through the ligamentum flavum.

It has been reported that when administering
caudal injections for pain therapy, even among ex-
perienced doctors, when the C-arm technique is not
used, the caudal epidural space is accessed in only
62% of cases. In a randomized study carried out by
Price, in 200 patients the caudal (sacral canal hiatus)
approach was compared to the lumbar approach
with regard to accuracy of placement of epidural
injections. Ninety-three percent of the lumbar and
only 64% of caudal epidural injections were cor-
rectly placed. The majority of incorrectly placed
caudal injections were subcutaneous. Six to nine
percent of the caudal injections were intravenous.

White et al. also compared the caudal and lum-
bar approach to the epidural space in 334 patients.
In their study, 25% of the caudal injections and 30%
of the lumbar injections were incorrectly placed.

6.1.1 Puncture technique

Our sacral approach to the epidural space requires
the patient to be positioned prone on the operating
table. The skin is thoroughly disinfected and the pa-
tient is covered with sterile drapes. Local anesthesia
with a local anesthetic such as 1% hydrochloride
mepivacaine is injected around the sacral hiatus.

Once the local anesthetic has begun to take ef-
fect, and a stab incision has been made, the sacral
hiatus is punctured with a puncture needle from
the introducer set, approx. 4 cm from the inter-
gluteal cleft at an angle of approx. 45°. Once the
18-gauge needle has perforated the sacrococcygeal
ligament, the needle is aligned to the axis of the
vertebral canal.

The distance between the end of the epidural
cavity and the sacral hiatus, which is important in
the sacral approach, varies greatly and can be any-
thing up to 16 mm. For this reason, after a nega-
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tive aspiration test at two levels with 180° needle
rotation, the guide wire (double flex, 0.038 in, 45
cm, PVB, Smith Medical, Kirchseeon, Germany),
can be introduced into the sacral hiatus, preferably
over only a short distance (B Fig. 6.4a).

A lateral control X-ray is very useful for identi-
tying the guide wire in the sacral hiatus (8 Fig. 6.4b).
The 9.5 or 11.0 F dilator with the shaft and its
lateral tube connector from the introducer set can
now be introduced percutaneously into the sacral
canal over the wire, using the Seldinger technique
(B Fig. 6.4c). Epidurography may be performed.

After checking the exact position of the intro-
ducer, the dilator is now removed along with the
guide wire. At this point the sterile epiduroscope
can be carefully introduced into the epidural space
over the plastic sleeve under constant control via
the monitor.

6.1.2 Our own experience with
epiduroscopy

At our pain clinic, the sacral approach to the
epidural space has proven to have numerous ad-
vantages and to be very feasible. We have used
this method for years. We use a special introducer
set (PVB, SMITH Medical, Kirchseeon, Germany)
with 9.5 or 11.0 F dilators (B Fig.6.5).

The plastic sleeve from the introducer set in-
serted into sacral hiatus allows the epiduroscope to
be introduced safely and atraumatically and to be
advanced in the epidural space. It also provides es-
sential anti-shearing protection (B Fig. 6.4e).

Despite years of experience, from a clinical
perspective the approach to the epidural space
continues to be complicated in some cases due to
the wide range of anatomic variation in this topo-
graphic area. Problems may already arise when
placing the needle or the epiduroscopic introducer
in the sacral hiatus.

Improper placement of the introducer may in-
clude the following:

The needle is located on the sacrum, under-
neath the periosteum of the sacral canal, ventral to
the sacrum, or in the sacral foramen. The needle
may end up between the sacrum and the coccyx
or may even perforate the rectum. If bleeding oc-
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B Fig. 6.4a—f. a Puncture of the sacral canal. b Puncture cannula in the sacral canal. ¢ Guide wire in the sacral canal. d 9.5 F intro-
ducer in the canalis sacralis. e,f Introducing the epiduroscope into the epidural space over the plastic sleeve

curs, the introducer can be withdrawn far enough
for the blood flow to stop and then the lumen can
be irrigated with saline solution. When the needle
is placed correctly, dural injury is rare.

In many cases, needle placement succeeds only
if the endoscope is navigated correctly. Occasion-

ally, needle placement is possible only if special
guide wires and introducers or additional lateral
C-arm fluoroscopy are used.

In 0.25% of our cases, severe stenosis of the
sacral canal made it impossible to place the 9.5 F
introducer, Witte et al. pointed out the need to use
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B Fig. 6.5. Special introducer (PVB, SMITH Medical, Kirchseeon, Germany)

Vertebrae

B Fig. 6.6a,b. a Epiduroscope in the ventral epidural space of a human cadaver. Epiduroscopy workshop held on February 17,
2001 at the University of Innsbruck’s Department of Anatomy. b Topography of the spinal cord with the epiduroscope in the

ventral space

flexible optics for epiduroscopy due to the prob-
lematic anatomy of the sacrum.

It is helpful to carry out epidurography via the
placed introducers using contrast agents. Once
the epidurogram has been assessed and the intro-
ducer has been repositioned if necessary, the sterile
epiduroscope can be carefully inserted into the
epidural space via the plastic sleeve either dorsally
or ventrally as needed and under constant visual
control on the monitor.

The notion that the anatomical situation allows
only a dorsal approach for therapy is no longer
valid. The same is true for the notion that spinal
dura mater in the thoracic part of the vertebral
canal is fused together with the posterior longitu-
dinal ligament to such an extent that there is no
ventral epidural space at this spot.

Epiduroscopy, on the one hand, and epiduro-
graphy, on the other, have proven that a ventral ap-
proach for therapy is also possible (8 Fig.6.6-6.9).
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B Fig.6.7. Epiduroscope in the ventral epidural space of a B Fig.6.9. Epiduroscope in cervical canal (Picture-in-Picture
pain patient technique)

B Fig. 6.8a-d. Epiduroscope in the ventral epidural space of a pain patient (Picture-in-Picture technique)
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By using endoscopic diagnostics, we were able
to identify the epidural space in cases in which it
was possible to insert the introducer system in the
sacral canal.

In 6% of our cases, once the sacral canal
had been successfully punctured, inserting the
9.5 F introducer was very problematic due to
the anatomical narrowness of the sacral canal of
< 2.4 mm. Safe access to the epidural space could
ultimately be achieved through a sophisticated
dilatation technique with various introducers and
various stylet sizes and an improved injection
technique.

It is also possible to place a catheter or elec-
trode as needed up to the cervical level without
endoscopic support via the sacral introducer.

6.2 Epidurography

Providing diagnostic evidence for pain-related epi-
dural pathological structures is often difficult with
conventional procedures. In addition to conven-
tional radiological diagnostic procedures, epidu-
rography is particularly well suited for examining
this special section of the epidural space.

6.2.1 Definition

Epidurography is a radiological procedure in
which an X-ray contrast medium is applied to the
epidural space and an X-ray video is made at the
same time. The objective of epidurography is to
distinguish between epidural tissues with similar
X-ray densities. With the help of epidurography,
additional and important radiological information
about the current anatomical situation and func-
tional processes of the patient’s epidural space can
be obtained.

6.2.2 Indication

Indications for epidurography include:
diagnosing epidural pathological and anatomi-
cal structures
checking catheter position
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identifying improper position of a catheter and
if applicable, diagnosing an atypical local anes-
thetic block

localizing level and distinguishing a ventral or
dorsal position of the epiduroscope or a micro-
surgical instrument during EDS

checking results of an epidural intervention.

Prior to every epiduroscopic procedure, we rec-
ommend performing epidurography with contrast
agents, either via the needle introduced sacrally
or the by way of the introducer. This gives the ex-
aminer an overview of the current anatomical and
pathological conditions of the spinal canal.

Due to the wide range of variation in the an-
atomical structures of the sacral hiatus and the
sacral canal, the current epidurogram is of vital im-
portance for properly implementing epiduroscopy.

In addition, epidurography allows epidural
septae, spinal canal stenoses, herniated discs and
other growths, epidural fibrosis or adhesions or
other abnormalities to be detected in advance.

For instance, clinical phenomena of epidural an-
esthesia with untypical spread of anesthesia can often
be plausibly explained by epidurographic findings.

Contrast agents. For epidurography, we use the wa-
ter-soluble contrast agent Solutrast® 250 M with iop-
amidol as the effective ingredient. One mL of con-
trast agent contains 510 mg iopamidol. The iodine
atoms bound in the Solutrast® 250 M absorb X-rays,
which constitutes the actual contrastive effect. After
epidural application, the contrast agent moves into
the bloodstream and is excreted by the kidneys in
non-metabolic form. No more than 3.75 g iodine
(15 mL Solutrast® 250 M) should be injected.

6.2.3 Contraindications

Contraindications for epidurography are the same as
those for epidural regional anesthesia procedures.
Contradictions for the administration of iop-
amidol Solutrast® 250 M include severe renal dis-
orders with coexisting severe excretion disorders
of the liver, manifest hyperthyroidism and decom-
pensated heart failure, pulmonary edema, neuro-
muscular hyperexcitability and manifest tetany.
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6.2.4 Epidurography management

C-arm technique

For the sacral approach to the epidural space, navi-
gating the spinal region and performing epidurogra-
phy, C-arm technique is required (B Fig.6.10,6.11).
During fluoroscopy, an image intensifier TV
chain is used to present the radiation exiting the
body - the radiation that has not been absorbed —
as an image or video on a monitor. The diagnostic
image quality primarily depends on the capacity
of the C-arm equipment, the recording technique
and the properties of the image intensifier TV
system. Coordinating the overall image production
system with the recording parameters and resolu-
tion capacity of the image intensifier TV system is
essential for producing adequate image quality and
an acceptable level of radiation exposure. Modern

B Fig.6.11. EDS workstation

digital image intensifiers allow the greatest pos-
sible reduction of radiation dosages by optimally
intensifying the received X-rays. With the C-arm
technique, the examiner can continuously observe
functional processes in the spinal canal on the
monitor. Various options for documentation are
available for recording images. All patient-related
data are also documented. A magneto-optical
drive allows filmless archiving. The C-arm intensi-
fier system is equipped with a video output and a
CD drive with which the images can be exported
in the computer-compatible TIF format.

Performing the C-arm technique

With the C-arm technique, contrast agents for epi-
durography may be administered into the epidu-
ral space via a percutaneous injection technique, a
sacral introducer, an in-dwelling epidural catheter
or the epiduroscope itself. The contrast agent iop-
amidol (Solutrast® 200 M/250 M) contains 408.2 mg
or 510.3 mg iodine/mL respectively. Volumes rang-
ing from 1 mL to 15 mL of the contrast agent are
injected as needed at the cervical, thoracic, lumbar
or sacral level to be evaluated. During the injection
of contrast agent, C-arm fluoroscopy can be used in
the anteroposterior view and must be used in the lat-
eral view for individual images or video recording to
gain valuable information on pathological and ana-
tomical changes in and around the epidural space.

Complications

Although the available contrast agents are wa-
ter soluble and are completely resorbed, adverse
reactions such as headache, neck stiffness, fever,
orthostatic dysregulation, spinal functional disor-
ders, psycho-organic syndromes or »contrast agent
allergy« may occur.

In such cases, the application of contrast agents
should be dispensed with and the sole focus placed
on the endoscopic diagnostics.

In special cases, pretreatment with cortisone
and antihistamines can be carried out in order to
prevent the severe allergic reaction.

Mizuno et al. (2007) described a case in which
encephalopathy and rhabdomyolysis was induced
by the administration of the contrast agent iotrolan
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during epiduroscopy. A dural tear during epidu-
roscopy allowed the contrast agent to enter the
subarachnoid space.

Results

The widely held notion that the spinal dura mater
and the posterior longitudinal ligament are fused
together in the thoracic part of the vertebral ca-
nal such that there is no ventral epidural space in
this area is not supported by our epidurographic
(BFig.6.12a-g) and epiduroscopic findings and
must be rejected.
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In my experience, with the sacral approach it
is indeed possible to reach and examine lumbar,
thoracic or cervical sections of the ventral epidural
space. By checking the position of the epiduro-
scope in the spinal canal with the C-arm technique
in the anteroposterior and lateral view this can be
easily controlled.

Due to the individual morphology of the epi-
dural space, the visualized epidurograms vary
widely. The most frequently reported radiological
irregularities reported among our patients were
long and short gaps in contrast agent spread, nar-
row and wide bands of contrast agent, partial

B Fig.6.12a-g. a Cervical epidurogram. b Ventral epidurogram and epiduroscope
in the dorsal epidural space. ¢ Ventral epidurogram with herniated disc. d Epiduro-
gram indicating complete filling defects. e Spiral-shaped epidurogram. f Epiduro-
gram with visualization of vascular structures. g Thoracic epidurogram for checking
the position of an epidural catheter placed endoscopically with a sacral approach
and visualization of a spinal catheter with its tip at the level of T10
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and complete filling defects. They included the
frequently observed epidurographic image of a
railroad track, which in the literature is generally
interpreted to be a subdural catheter position or
the expression of rhythmic segmental filling of the
contrast medium in the lateral epidural space. For
patients with failed back surgery syndrome, the
injection of contrast agent in the epidural space
frequently provided evidence of scarring in the
epidurogram, generally unilateral in the lateral epi-
dural space extending into the foramen. However,
in fact the changes are due to pain-related pulling
of dural structures that are often not captured by
conventional radiological examination techniques.

Through epidurography, we have frequently
observed that the medication delivered epidur-
ally does not reach the site needed to be effective.
Instead, due to epidural obstacles such as fibrosis,
the medication quickly flows laterally, and in par-
ticular, caudally. A flow of the contrast medium
via the vascular system is occasionally reported
as well.

For quality assurance, the visualization of the
contrast agent in the epidural space should always
be documented in the anteroposterior and the
lateral view.

In general, epidurography is an examining
technique that is simple, safe and quick and pro-
vides a high level of information for the examiner
with low risks to the patient.

6.3 Epidural irrigation

According to Saberski, the application of phys-
iological saline solution can also be considered to
be a therapeutic intervention, because it can flush
out the abundant inflammatory mediators present
in the epidural space. Identified substances include
a number of pro-inflammatory cytokines, such as
Interleukin-8 (IL-8) or phospholipase A2, as well
as neurotrophic hormones such as nerve growth
factor (NGF) or brain-derived neurotrophic fac-
tor (BDNF), which play an important role in the
pathogenesis of chronic pain.

It has been suggested that epidural irrigation
can remove chemical, immunological or inflam-
matory mediators and prevent the induction of
local fibrosis.

If the drip rate of the saline solution is too fast,
especially in the thoracic or cervical segment and
stenosed areas of the spinal canal, this can cause
pain in the patient.

Reducing the drip rate will bring about im-
mediate relief.

Draining the irrigation fluid via a lateral ex-
ternal proximal tube connector of the lock located
in the sacral hiatus is possible to only a limited
extent.

For our epiduroscopies, we use an average of
85 mL sterile physiological saline solution per ex-
amination. This is well below the limit of 200 mL
recommended by the international consensus
(WISE) in 2006.

6.3.2 Epidural pressure

6.3.1 Saline infusion

When performing epiduroscopy, continuous epi-
dural irrigation or adapted epidural infusion with
physiological saline solution via the working chan-
nel of the epiduroscope is required. In our clinic,
sterile saline irrigation solution is used for EDS. In
order to prevent spinal irritation, a fluid warmer
(Medi Temp III, Gaymar, Germany) is used to
warm the saline irrigation solution to 37.5 °C. In
our experience, initially only as much saline irriga-
tion solution at body temperature should be used
as is necessary to render a clear endoscopic field
of view.

A fundamental problem associated with every
epidural pressure measurement is whether the
measurement site truly reflects the site of maxi-
mum pressure. Epidural probes are available for
measuring pressure directly. When using an infu-
sion pump, the mean infusion pressure should
not increase above 60 mm Hg. It is also possible
to install an epidural pressure monitoring sys-
tem for continuous monitoring via an integrated
transducer system. Depending on the volume of
saline solution infused and the particular epidural
pathological and anatomical structures, the epidu-
ral pressure measured in the 50 patients undergo-
ing epiduroscopy in our clinic fluctuated between
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22 mmHg and 85 mmHg. However, a careful
epidural injection can already bring about a pres-
sure of 50 mm Hg to 70 mm Hg, and a quick bolus
application from a 10 mL syringe can create an
epidural pressure up to 300 mm Hg.

In our experience, the impact of controlled
0.9% saline infusion appropriate to the situation
on spinal pressure during epiduroscopy is negli-
gible.

6.4 Segmented epidural examination

A standard examining strategy should be followed
when performing endoscopic examination of the
epidural space. Depending on the anatomical
structure of the spinal canal and a professional
examining technique, epiduroscopy can be per-
formed via the sacral hiatus from a sacral approach
up to the cervical segments of the spine.

The anatomical nomenclature for the position
and direction of spinal structures allows for a
standard description of the topography of spinal
pathological and anatomical changes when per-
forming and documenting epiduroscopy.

Judging by the literature on epiduroscopy, the
majority of examinations of the epidural space
focus on the sacrum or the lumbar segments of the
spinal canal. One of the reasons for this is the fact
that the majority of pathological processes take
place in the lumbar segments. On the other hand,
a number of the surgeons performing EDS use epi-
duroscopes whose technical construction permits
examination only into the lumbar region.

Apart from our own examinations, there are
no reports on thoracic or cervical epiduroscopies.

The anatomical architecture of the spinal canal
and the vulnerability of the spinal structures to
injury, especially in the cervical and thoracic seg-
ments, call for precise, standardized and professional
performance of epiduroscopy (B Fig.6.13-6.15).

Generally, the dorsal section of the epidural
space is reached first after the epiduroscope is
inserted in the epidural space. Finding the ventral
epidural space may pose problems initially. This
requires substantial experience with epiduroscopy
on the part of the examiner. Due to the anatomi-
cal structures of the spinal canal, the tip of the
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epiduroscope has very little room to maneuver in
the epidural space. Carefully rotating the epiduro-
scope externally, or changing the direction of the
epiduroscope tip, which can be deflected upward
up to 120° and downward as far as 170°, enables
the surgeon to optimally change the epidural posi-
tion of the epiduroscope tip.

In my experience, adhesions or fibrotic tissue
may be mobilized or removed using microsurgi-
cal instruments or a laser in order to provide
access to the section to be examined. Adhesions
that are not very pronounced can also be re-
moved with saline injection or with the tip of the
epiduroscope. Any manipulation and interven-
tion with the flexible epiduroscope, including the
use of microsurgical instruments, must always be
carried out under endoscopic control in order to
prevent injury and unnecessary pressure on the
spinal structures.

To reach the epidural target position, the epi-
duroscope must not, under any circumstances, be
advanced blindly or forcibly. Constant, optimal en-
doscope control prevents avoidable complications.
With C-arm fluoroscopy or the picture-in-picture
technique, locating the level of the epiduroscope
in the spinal canal is easy. The Karl Storz epidu-
roscope now has markings at 5-cm intervals to
facilitate location.

In order to reach the proper segments of the
epidural space, I use the flexible epiduroscopes
manufactured by Karl Storz, Germany, with work-
ing lengths of 40, 70 and 90 cm.

6.4.1 Examining sacral segments

After penetrating the sacrococcygeal ligament at
the level of S2-S3, the epidural space becomes vis-
ible via the plastic sheath that has been introduced.
Often, minimal bleeding caused by the guide wire
can be observed; this bleeding is harmless. In
the case of osseous stenoses, navigating the sacral
region is particularly difficult. Simultaneous en-
doscopic and radiological navigation in the lateral
view is very helpful in this situation and protects
the epiduroscope from unnecessary damage. Once
segment S1 has been reached, the proportion of
epidural fat generally increases and the connective



78 Chapter 6 - Performing Epiduroscopy

B Fig.6.13a,b. a Epiduroscope in the sacral canal (Picture-in-
Picture technique). b Epiduroscope in the sacral canal (Pic-
ture-in-Picture technique)

tissue structures come together to form the liga-
mentum flavum. The spinal dura mater is gener-
ally visible in segment S1-L5 (B Fig.6.13).

6.4.2 Examining lumbar segments

Epiduroscopic examinations are most frequently
performed in the lumbar region because
all cranially oriented examinations must be
carried out via the lumbar segment,
most epiduroscopic examinations and therapies
are carried out in the patients’ lumbar region
due to the prevalence of low back pain, and
epiduroscopes available on the market are pri-
marily designed for examining the lumbar re-
gions.

O Fig.6.14a,b. a Lumbar examination (Picture-in-Picture
technique). b Lumbar examination (Picture-in-Picture tech-
nique)

In segment S1-L5, the examiner can decide
whether he or she wishes to use the ventral or dor-
sal approach to the epidural space.

With skillful endoscopic and radiological navi-
gation, it is possible to reach the less easily acces-
sible ventral epidural space. In addition to endo-
scopic visualization of the posterior longitudinal
ligament and the spinal dura mater, using the C-
arm technique to control the position of the epidu-
roscope in the lateral view is highly recommended
(BFig.6.14).

6.4.3 Thoracic examination

There is considerably less volume in the thoracic
segments of the epidural space, making the qual-
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ity of endoscopic images substantially better. In
my experience, in the thoracic section the amount
of saline irrigation fluid may often be consider-
ably reduced as well. Our results with planned
thoracic epiduroscopy show that it is preferable
to perform the epiduroscopic procedure over sev-
eral segments of the spine in order to rule out
so-called incidental findings. Our examinations
show that pain-causing pathological and anatomi-
cal structures are often found at great distances
from the level originally planned for examination
(B Figs. 6.15a,b).

The simultaneous use of C-arm fluoroscopy
and epiduroscopic imaging as a picture-in-picture
technique and control of the volume of saline infu-
sion offer excellent conditions for spinal naviga-
tion and a high level of patient safety.
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A prerequisite for inspecting the thoracic seg-
ment is the use of a flexible epiduroscope with
an adequate length (FLEX-X? epiduroscope, Karl
Storz, Germany) with the necessary microsurgical
accessories for interventions.

6.4.4 Cervical examination

The new flexible epiduroscope with FLEX-X? tech-
nology and a working length of 90 cm also allows
endoscopic inspection into the cervical region
(B Fig.6.16).

To date over 80 epiduroscopies in the cervical
section of the spine have been carried out suc-
cessfully at the Iserlohn Pain Clinic without any
complications.

B Fig. 6.15a,b. a Thoracic epiduroscopic examination (Picture-
in-Picture technique). b Thoracic epiduroscopic examination
(Picture-in-Picture technique)

B Fig.6.16a,b. a Cervical examination with vascular visualiza-
tion (Picture-in-Picture technique). b Catheter in the cervical
epidural space (Picture-in-Picture technique)
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These are the first cervical epiduroscopies car-
ried out in pain patients with the flexible Flex-X?
epiduroscope, Karl Storz, Germany anywhere in
the world.

Examining the cervical segments of the spinal
canal calls for special attention and care. The ana-
tomical circumstances and the excellent technical
conditions allow ventral and dorsal live images
with very good to brilliant quality, often without
requiring irrigation fluid to be substituted. For this
reason, epidural irrigation for enhancing optical
conditions is generally unnecessary.

To perform procedures such as biopsy in the
cervical segments of the spine, special instruments
are required. The accessories of the FLEX-X? epi-
duroscope include flexible graspers or flexible bi-
opsy forceps with a diameter of 1.0 mm and a
working length of 160 mm. At our pain clinic,
biopsies and laser adhesiolyses are initially per-
formed only when absolutely indicated.

In my experience treating a large number of
patients, cervical catheters can generally be placed
via the epiduroscope without any problems. How-
ever, extra-long catheters are required. We use a
0.6x1.0x1800 mm epidural catheter from Vygon,
Aachen, Germany, inserted via a stylet.

Due to the risk of injuring neural and other
structures during epiduroscopy, this endoscopic
examination may only be performed by operators
with substantial experience.

6.5 Concluding epiduroscopy

During epiduroscopy, information including vital
signs such as blood pressure, heart rate, SaO,, EEG
and other monitoring, administration of drugs, en-
try and exit of fluid (epidural saline solution for
irrigation, pressure measurement, infusion therapy),
technology used (e.g. X-ray, laser, ultrasound, etc.),
staff and time is recorded. »In clinical practice at our
clinic the time for EDS should not exceed more than
30 minutes«. Current recommendations of the World
Initiative on Spinal Endoscopy, WISE-Consensus,
are not to exceed 60 minutes procedure time.

Prior to ending the epiduroscopic procedure,
the area must be carefully checked to ensure all
bleeding has stopped. The epiduroscope is then

carefully removed from the epidural space under
constant control. Constant epidural irrigation and
slow retraction of the epiduroscope generally also
allow for the best video images to be recorded.

If the catheter is to remain in the epidural
space, the epiduroscope should be carefully re-
tracted via the in-dwelling catheter with its stylet
under endoscopic vision.

The sacral puncture site can be closed with
an interrupted suture or tissue adhesive (Ethyl-2
Cyanoacrylate, Meyer-Haake Medical Innovations,
Germany). Once the wound has been dressed, the
epiduroscopy is complete, with little to no pain
experienced by the patient.

The results of the epiduroscopy must be re-
corded in a protocol. We recommend saving the
endoscopic images on video film and/or a video
printer or to a CD, memory stick or DVD.

The use of documentation management and
archiving systems such as AIDA allows physicians,
nursing staff and other clinical staff to modify
typical workflows while processing information in
the pain clinic.

Following epiduroscopy, the standard proce-
dures for postoperative patient management for
procedures performed under local anesthesia or
analgosedation should be observed.

Following epiduroscopy, the patient should be
observed by a physician or nursing staff until the
analgosedation has worn off.

At our clinic, out-patients undergoing epidu-
roscopy remain in the recovery room for approx.
1 hour. Once they have met discharge criteria
(stable vital signs, can tolerate food and drink, can
empty their bladder and walk unassisted), they
may leave the clinic if they are accompanied by a
responsible adult.

It is particularly important that the patient have
24-hour access to a physician in case of questions or
emergency. This also applies to patients undergoing
outpatient examination. The patient returns to the
clinic for out-patient follow-up the next day.

6.6 Follow-up epiduroscopy

During the course of epidural analgesic pain ther-
apy, performing endoscopic monitoring is merited
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B Fig. 6.17. Guide to anatomical structures for EDS

in some cases. Using epiduroscopy for follow-up is
also indicated in cases in which epidural-analgesic
therapy or laser adhesiolysis or scar reduction have
not led to clinical improvement.

The endoscopic follow-up can often show the
free epidural passage and if needed, the correct
placement of the catheter or the electrode.

If epiduroscopy or the use of the microsurgical
instruments or laser fiber is not performed care-
fully, perforation of the dura or laser lesions are
likely to occur. Epiduroscopic follow-up after sur-
gical or accidental defects of the dura or epidural
lesions can be helpful.

In individual cases, endoscopic control after
administration of special drugs for adhesiolysis
may be merited to check for effectiveness or for
quality control.

In our experience, the outcomes of interven-
tional treatment in patients undergoing endo-
scopic treatment after the second procedure, 5 to 7
days after the first intervention, could be consider-
ably improved in a number of cases. In addition
to repeating the therapeutic effect of epidural ir-
rigation, the pain-related pathological processes,
which often involve growths or stenoses, could be
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Legend:
Dorsal epidural space - medial
Dorsal epidural space - left lateral DL

Dorsal epidural space - right lateral DR
Ventral epidural space - right lateral

Ventral epidural space - left lateral

Ventral epidural space - medial VM
Epidural space red
Intrathecal space black

further reduced or the catheter position for EAT
could be optimized.

These repeated or expanded invasive pain-
therapy interventions could relieve the patients’
pain situation to the extent that their pain score
during follow-up was reduced by up to 30%. Based
on the Pain Disability Index, the quality of life
of the chronic pain patients treated at our clinic
showed overall improvement.

At our pain clinic, 25% of all epiduroscopies
(263 EDS) performed from June 2006 to June 2007
were follow-up or control epiduroscopies (66 EDS).

In 22 patients, an epiduroscopic follow-up was
performed within 5 to 7 days of the initial epiduro-
scopic procedure due to continued symptoms. Epi-
duroscopic examination or repeated EDS-assisted
therapy (EAT or laser adhesiolysis) was success-
fully repeated in 13 patients after 6 months and in
31 patients after 12 or more months due to recur-
ring pain.

Patients who were unable to benefit from the
epiduroscopically assisted treatment received fur-
ther treatment in line with multidisciplinary mul-
timodal pain-therapy concepts, such as an algo-
rithm for epidural pain therapy.
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Based on our clinical experience,
the following indications are valid for
follow-up or control epiduroscopy:
== Continuing pain symptoms
== Epiduroscopy of a different spinal region
== Continued pronounced pain-related patho-
logical findings that require additional mi-
crosurgical treatment
== Control and monitoring of
a) chronic inflammatory processes (radicu-
litis, epiduritis)
b) pharmacological local effects
c) catheter placement (optimizing place-
ment of epidural catheter and probes)
== Control examinations following epidural
interventions
== |nterruption of the primary EDS due to:
a) Volume of infusion or time factor ex-
ceeded
Epidural bleeding
Dural perforation
Uneasiness on the part of the patient
Technical problems
Technical problems during primary EDS.
Endoscope too short or defective
(no other epiduroscope available)

>0 20T

For our group of patients, the most frequent reason
for performing an additional epiduroscopic proce-
dure within 5 to 7 days of initial epiduroscopy was
for diagnostics and therapy of a different epidural
region than for initial EDS.

In most cases, cervical epiduroscopy, including
therapeutic measures, was performed after initially
performing lumbar EDS.

Catheter techniques for EAT supported by epi-
duroscopy, in addition to epidural adhesiolysis,
are further indications for a second epiduroscopy
to be performed after 6 months to more than one
year after the initial procedure.

The overall therapeutic results are very good.
With the aid of epiduroscopic examination and
treatment techniques, in the majority of cases open
surgical intervention and revision can be avoided
and long and drawn out and expensive treatment
courses prevented.

It is also important to note that if endoscopic
procedures do not lead to the desired result, there
are no disadvantages for later conventional surgi-
cal interventions.

In a random sample of 100 patients who had
undergone epiduroscopy, 12 months after EDS
involving catheter placement for EAT and laser ad-
hesiolysis patients were asked whether they would
undergo the procedure a second time or not. All
of the patients said they would undergo the proce-
dure a second time. None of the patients reported
complaints or adverse effects of EDS.

During the postoperative interval, the rate of
pain relief is 50% for all epiduroscopic invasive
procedures.

Endoscopic follow-up procedures also serve to
provide objective information on the success of the
operation and quality control. From the point of
view of health economics, using epiduroscopy for
diagnosing and treating spinal pain syndromes has
the added benefit of being a low-cost procedure.

Conclusion. Epiduroscopy is a direct imaging
technique which provides the examiner insight
into the pathological and anatomical structures
and the dynamics of the epidural space, as well
as visual understanding of this important topo-
graphic region.

At our clinic, the sacral approach to the epidu-
ral space has proven to be a very practical method
for performing epiduroscopy. The preferred injec-
tion method facilitates and guarantees safe access
to the epidural space. However, due to the wide
variation in anatomical structures of the sacrum,
placing the special introducer for the epiduroscope
in the sacral hiatus can be difficult.

Several very good reusable epiduroscopes with
a working channel are now available for perform-
ing EDS.

With epiduroscopy, it is possible to unequivo-
cally identify both the dorsal and ventral parts of
the lumbar, thoracic and cervical epidural space.

According to the results of a special evaluation
of EDS in 50 patients in our pain clinic who un-
derwent an epiduroscopic procedure in 2007, epi-
duroscopy was described as easy to perform by the
same experienced physician in 78.4% of the cases.
In 19.6% of the epiduroscopies, the procedure was
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described as difficult and in 2% as especially dif-
ficult to perform.

The anatomical architecture or pathological
and anatomical structures of the vertebral canal
and the possibility of damage to the spinal struc-
tures, especially in the cervical and thoracic seg-
ments, require the procedure to be carried out
precisely and professionally, in a standardized
manner.

In our opinion, epiduroscopy considerably in-
creases diagnostic and therapeutic options, espe-
cially for the treatment of chronic pain, without a
great deal of additional effort.

In addition to carrying out interventions under
endoscopic vision, which in itself justifies epidu-
roscopy as a procedure, diagnostics can be en-
hanced and made more precise in a way that no
other method allows. Reports in the literature are
equally positive.

6.7 Ultrasound-assisted epiduroscopy

(SONO-EDS)

Ultrasonography is an integral part of the medical
diagnostic repertoire.

After a slow start, ultrasound diagnostics are
now increasingly being applied in the areas of
anesthesiology and intensive care and emergency
medicine. Sonography is gaining in significance in
the area of pain medicine as well.

6.7.1 Ultrasonography in anesthesia

and pain medicine

To some extent, ultrasound-assisted epidural
blocks are still in the clinical development phase.
Grau examined the lumbar region of 20 healthy
volunteers without relevant spinal disease both
sitting and lying down using ultrasonography and
MRI. With the patient in a sitting position, the
results of the ultrasound using paramedian ac-
cess were comparable or superior to the results of
MRI. The correlation values and precision were
especially good for depth determination of the
individual structures, for example, of the ligamen-
tum flavum and the dura mater. Lower correlation
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values were achieved in determining the diameter
of the spinal canal and the height of the vertebral
bodies. The position-dependent variability of the
structures in the area of the lumbar spine caused
considerable differences in the measurements.

Leipold examined the possibility of visualiz-
ing the epidural space of the thoracic spine via
ultrasound and compared the precision of the
ultrasound measurement with that of MRI. The
thoracic epidural space could be located in all
volunteers with both procedures. The ligamentum
flavum could be visualized equally well with both
procedures and the spinal dura mater could be
visualized well. The author reported a good corre-
lation between the procedures. Leipold considered
MRI and ultrasonography to be of equal value.

Ultrasonography prior to procedures such
as thoracic epidural puncture can provide added
safety to clinical routines. McLeod et al. studied 11
patients scheduled for corrective scoliosis surgery.
The spine was examined ultrasonically using a
portable ultrasound system with a 38-mm linear
probe in two-dimensional B mode. Epidural cath-
eterization was successful in 8 out of 11 patients at
the identified level. In 2 other patients, the space
above was used. The information was described
as helpful in 7 patients. McLeod concluded that
ultrasonography may have a potential role to fa-
cilitate insertion of epidural catheters in patients
with scoliosis.

The advantages of using ultrasonography in
anesthesiology and pain medicine are yielded by
the special properties of the ultrasound. The latest
generation of ultrasound equipment allows visu-
alization of joint facet surfaces, muscles and even
extremely delicate nerve fibers just millimeters in
thickness. For example, it is now possible to use
ultrasonography to visualize the course of local
anesthesia applied in tissue. For pain medicine, ul-
trasonography has also proved helpful in perform-
ing stellate blocks.

In recent years, ultrasound-assisted peripheral
nerve blocks have become increasingly significant.

Despite the difficult conditions for perform-
ing ultrasonography on the spine, concepts for
the clinical use of ultrasound-assisted neuroaxial
blocks are being tested. With ultrasonography, the
spine can be visualized in the transverse and sagit-
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tal planes. The spinous processes of the vertebral
bodies can be visualized well in the sagittal (lon-
gitudinal) and median planes. With the so-called
offline procedure, the epidural space is convention-
ally punctured with the loss of resistance method,
however without ultrasound. Grau et al. carried
out a randomized, prospective study of pregnant
women. They showed that the use of ultrasonogra-
phy for lumbar neuroaxial block reduces the num-
ber of puncture attempts as compared to the use
of the loss of resistance method alone. The success
of the block and patient satisfaction was higher in
these patients. The same was true for anticipated
difficult punctures.

In children between the ages of 6 and 8, os-
sification of the spine is not yet complete. As a re-
sult, acoustic shadows and acoustic attenuation are
much less pronounced in children than in adults.
According to Rapp, the insonation conditions of
the lumbar region in children up to the age of 8
are very good in some cases due to the incom-
plete ossification of the spine. This allows needle
placement, the placement of epidural catheters and
injection of local anesthesia to be monitored with
direct ultrasound visualization.

The primary advantages of ultrasonography
include its low-risk, non-invasive and radiation-
free and painless application, widespread avail-
ability and the quick nature of the procedure. The
use of contrast media (echo-signal amplifiers) in
ultrasonography has further enhanced ultrasound
diagnostics. Ultrasonography with contrast media
allows real-time continuous assessment of the dy-
namic contrast patterns.

In comparison to imaging procedures such as
computed tomography or MRI and epiduroscopy;,
the costs for purchasing and operating ultrasound
equipment is lower. Ultrasound diagnostics are
now used in nearly all medical specialities. By
sharing the equipment, costs can be cut. In addi-
tion, with ultrasonography, there is no need for
radiation protection measures or instruction.

However, producing and interpreting ultrasono-
graphic images requires skill and experience on
the part of the examiner. Ultrasonography provides
lower spatial resolution than EDS, CT and MRI, es-
pecially in deeper tissue. The quality of ultrasound
images is dependent on factors such as the experi-

ence of the examiner with ultrasonography and
anatomy, hand-eye coordination, position of the
patient, handling and software settings.

6.7.2 Epidural sonography

While the steerable epiduroscopes currently avail-
able provide endoscopic guidance, they are of lim-
ited use for establishing the size or assessing the
surface or epidural and neighboring structures, es-
pecially in severely pathological circumstances. In
response to this problem and in order to optimize
endoscopic examining techniques, in 2000 we in-
tegrated a microinvasive intraluminal ultrasound
technique (intravascular ultrasound, IVUS) in the
epiduroscopic technology.

To simplify interpretation of the ultrasound
images, a modern spectral analysis procedure was
incorporated into the epiduroscopic examining
technique in the familiar IVUS technology.

IVUS technology provides the examiner de-
tailed information on the patient’s anatomical
structures. The colorized virtual histology images
show four types of components: fibrous, fibro-
fatty, dense calcium and necrotic core. The virtual
histology images are created using Volcano’s imag-
ing console along with the Eagle Eye Gold IVUS
(VOLCANO Corp. Rancho Cordova, CA, USA)
imaging catheter. The ultrasound images are then
displayed in real time in an EDS catheter lab,
allowing the pain therapist who will be perform-
ing the procedure and his or her surgical team to
evaluate the images easily while the patient is still
on the operating table. This technology provides
automated measurement tools to simplify image
interpretation and employs a predetermined color
key to display the composition of a specific point
of the spinal dura mater or within the epidural
space.

We used a Visions Five 64 catheter F/X TM
IVUS imaging catheter. The 150-cm long intra-
vascular ultrasound imaging catheter (outside di-
ameter, 1.18 mm) is equipped with a transducer at
the tip (tapered tip, outside diameter, 0.022"). The
catheter size is 0.97 mm, with a maximum guide
wire outside diameter of 0.356 mm. The minimum
guide catheter inside diameter is 1.47 mm. The
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distal shaft diameter is 0.037", midshaft diameter,
0.037" and proximal diameter, 0.035". The module
is 1 mm in diameter and less than 3 mm long.
It contains a multiple-element, cylindrical ultra-
sound transducer array. The incorporation of in-
tegrated circuits into the tip of the catheter enables
the maximum degree of miniaturization in both
the array and the microcable. There are no moving
parts necessary to generate 360°, real-time im-
ages. This miniaturized transducer array contains
circularly integrated chips (64 elements) that al-
low a picture format of 360° in a two-dimensional
view. The ultrasound catheter was connected to
the Cathscanner Imaging System of the Endosonic
or Volcano ultrasound equipment, along with the
epiduroscopic equipment.

6.7.3 Our own results

In 2000 we reported on ultrasound-assisted epidu-
roscopic examinations (SONO-EDS) and epidural
catheter placement in patients with failed back
surgery syndrome.

To date, there is no literature on invasive ul-
trasonographic examination of the epidural space.
The ultrasound catheter is placed via the work-
ing channel of the epiduroscope. The ultrasound
transducer array used parallel to the epiduroscopic
optics at the same level created ultrasound images
perpendicular to the axis of the ultrasound cath-
eter with an angle of vision of 360 degrees. The be-
havior of the ultrasonic waves in the epidural space
is responsible for the picture quality (8 Figs. 6.18a,b
and 6.19).

Tissue density and water content of the epidu-
ral space, the beam angle, the shape of the incision
of the anatomical structure in question or the pres-
sure of the ultrasound probe on the tissue all have
an effect on picture quality. However, the examiner
has little control over these impacts on the ultra-
sound image.

During epiduroscopy we use the spinal dura
mater as an optical guide.

The ultrasound image of the spinal dura mater
can be identified particularly well and serves as an
excellent basis for navigation in the epidural space
(BFig.6.20). According intraoperative examina-

85 6

B Fig.6.18a,b. SONO-EDS, Ultrasound transducer (yellow) in
the epidural space: a blood vessel, b nerve root

B Fig.6.19. SONO-EDS in Picture-in-Picture procedure
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B Fig. 6.20. Ultrasonography of the epidural space with the
spinal dura mater

tions carried out by Lerch et al., even in patients
with traumatic or tumor-related myelon compres-
sion, the highly echogenic spinal dura mater re-
mains visible as a separating layer between bones
or tumor tissue and myelon. According to Grau et
al., ultrasound imaging of the spinal dura mater in
the thoracic segments of the spinal canal is quite
feasible.

The established ultrasound nomenclature can
be used to analyze and describe the additional in-
formation simultaneously provided for the epidu-
roscopy. Automatic tracing with rapid calculation
of the ultrasound findings provides reliable diag-
nostic information. The high contrast resolution
permits reliable reproduction of the tissue histology
in the ultrasound cross section. The Cathscanner
technology allows realistic visualization of the spi-
nal tissue localization at all times and reaches an
ultrasound thickness resolution of one millimeter.
Virtual histology is a special process for which
the raw intravascular ultrasound data are used to
classify plaques within the vascular walls in detail.
The radio frequency data sets on which IVUS is
based are subjected to spectral analysis and a com-
puter comparison with existing data sets obtained
through histological in-vitro validation assigns the
individual plaque structures to histological classes.

27.06.2006 13:54:43
0001

B Fig.6.21. Epidural ultrasound with virtual histology (blood
vessels)

However, due to the limited number of exami-
nations carried out so far, we have been unable to
obtain reliable information about the histological
structure (B Fig.6.21).

Advantages of ultrasound-guided epiduros-
copy (SONO-EDS):

The SONO-EDS system prevents accidental

dural injury.

The ultrasound image can provide the exam-

iner with the necessary additional morphologi-

cal information (virtual histology). This is use-
ful even in cases in which epiduroscopic vision
is not restricted.

Endoscopic imaging information can be opti-

mized and anatomical structures outside the en-

doscopic live image may be taken into account.

As a supplementary diagnostic imaging proce-

dure, SONO-EDS enhances epidural imaging

information and improves endoscopic naviga-
tion.

The SONO-EDS method can also be used to in-
corporate spinal structures that cannot be captured
with the epiduroscope for technical reasons or due
to the anatomical circumstances (e.g. CSF or spinal
dura mater) into the overall epidural endoscopic
image.
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6.8 Myeloscopy

There are very few reports on the use of myelos-
copy in the diagnosis and therapy of pain syn-
dromes. Myeloscopy (spinaloscopy, thecaloscopy)
involves endoscopic examination of the intrathecal
space following targeted perforation of the spinal
dura mater. The intrathecal space is the space be-
tween the pia mater and arachnoid mater and con-
tains the spinal cord, spinal nerves and the blood
vessels that supply them. Only isolated reports
on myeloscopy are available in the international
literature.

Hertz et al. (1985) reported on spinaloscopic
examinations carried out on fresh cadavers. Ac-
cording to the authors, targeted examination of
certain sections of the spinal canal both enhances
assessment of the prognosis of trauma patients
with paraplegic spinal injuries and supports diag-
nostics in tumors of the spinal canal, degenerative
spinal cord disease and intraspinal angiodysplasia.

Jerosch et al. used an endoscopy system con-
sisting of a spinaloscope 1.8 mm in diameter with
portals for instruments and irrigation. The instru-
ment portals can be used for surgical lasers, biopsy
forceps or burs. They carried out their evaluations
on fresh human spine specimens. In addition to
the dura mater, ligamentum flavum, posterior lon-
gitudinal ligament and spinal nerves, the authors
identified pieces of disc material and various fi-
brous bands.

In the 1970s, Ooi et al. reported on uneventful
myeloscopic examinations in 86 patients between
13 and 78 years old with back pain. The authors
concluded that treating special spinal diseases with
a myeloscope would be possible in the future with-
out requiring conventional open surgery. As with
epiduroscopy, the instrument used for thecalos-
copy is a flexible endoscope with an integrated
working channel.

Uchiyama et al. (1998) reported that their en-
doscopes consisted of a fiberscope with an outside
diameter of 0.5, 0.9 or 1.4 mm. Starting in 1987,
they had performed myeloscopy on 18 patients be-
tween the ages of 7 and 69 who had pain or other
neurological symptoms of unknown etiology. The
spinal cord, roots, the arachnoid membrane and
small vessels could be observed clearly. The en-
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doscope could be advanced as far as the upper
cervical spine. Cotton-candy-like proliferation of
fibrous tissue was identified by myeloscopy in four
paraparetic patients who had clinical and radio-
logical features similar to those of a spinal cord
herniation The fibrous tissue beat on the spinal
cord with the pulsation of the spinal fluid. Resec-
tion of the fibrous tissue with conventional surgery
led to neurological improvement.

Blomberg (1995) reported on spinaloscopies of
the lumbar and thoracic subarachnoid space with
rigid endoscopes in 26 human cadavers. Fibrous
adhesions were found between nerve roots and/or
between nerve roots and the arachnoid membrane
at least at one spinal level in 16 subjects. The ap-
pearance and density of the structures varied and
caused restriction of nerve root mobility in 9 sub-
jects. In 3 cases, the impeded mobility prevented the
nerve root from yielding to the contact and pressure
exerted by the tip of the endoscope or by a spinal
needle. In another 3 cases, a distinct membranous
structure was identified in the posterior midline of
the subarachnoid space in the lower thoracic and
upper lumbar regions. The findings explain the rela-
tionship of anatomical subarachnoid structures and
the development of subarachnoid blocks.

An international thecaloscopy study group
from Zwickau, Germany, reported that if adequate
endoscopic equipment is used, thecaloscopy al-
lows the examiner to inspect and maneuver about
the intrathecal space. Minimally invasive surgi-
cal treatment of intrathecal pathologies is possible
with endoscopic methods.

Our own results

At our pain clinic our experience with elective
myeloscopy has been extremely limited. The indi-
cation to perform intrathecal inspection should be
limited to certain patients. However, an epiduro-
scopic procedure can easily turn into a myeloscopy
if epiduroscopy is not adeptly performed and the
dura is accidently damaged (B Fig.6.22a-d). Acci-
dental dural perforation is an avoidable complica-
tion of epiduroscopy.

In comparison to epiduroscopy, endoscopic
inspection of the intrathecal space (myeloscopy)
is somewhat easier. Because the dural sac is filled
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with cerebrospinal fluid, saline irrigation is op-
tional for myeloscopy.

It should be kept in mind that spinal headache
syndrome can occur after myeloscopy. The reasons
for postspinal headache syndrome are controver-
sial.

Our results have shown that among 25 patients
undergoing myeloscopy, 2 patients experienced
postspinal headache syndrome. However, despite
the relatively large dural injuries (= 2.5 mm) the
headache could be relieved with conventional
treatment methods.

B Fig. 6.22a-d. a Subarachnoid space. b Subarachnoid space. c Subarachnoid space. ¢ Subarachnoid space
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7.1 Context

In the United States, the most common reason
for disability from work or for visiting a doctor is
chronic back pain. In Germany too, spinal pain
syndromes are the leading reason for sick days. Ac-
cording to Schops and Hildebrandt, this pain is the
main reason for hospital admission and accounts
for 17% of all people going on disability and 40% of
all patients undergoing in-patient rehabilitation.

According to other reports in the literature, ap-
prox. 80% of the population suffers from chronic
back pain at some point in their life. In addition,
a substantial number of orthopedic pain patients
suffer from chronic back pain. One out of 10 cases
of chronic back pain is diagnosed as radiculopathy.
According to Junker, a survey of 500 patients in
orthopedic and pain medicine practices conducted
in 2004 showed that 38% of the patients who had
undergone disc surgery complained of neuropathic
pain.

In Germany, around 50,000 disc operations
are performed every year. Despite increasingly so-
phisticated microsurgery techniques, 10% of the
patients develop failed back surgery syndrome.

In the case of chronic spinal pain syndromes,
patients are often dissatisfied with the results of
traditional therapeutic efforts from a wide range
of disciplines.

Pathophysiological background

The pathophysiology of chronic pain makes a
distinction between nociceptive and neuropathic
pain. With nociceptive pain, the peripheral and
central nociceptive neurons remain intact. During
chronic stimulation of the nociceptive structures,
functional and plastic reversible changes to the
nerves occur. A precondition for the occurrence of
neuropathic pain is damage to the peripheral and/
or central structures of the nociceptive system. The
injury to the nerve causes widespread structural
and anatomical changes to the nociceptive system,
some of which are irreversible and which can per-
sist on a long-term basis. Characteristic clinical
findings include permanent burning pain, parox-
ysmal attacks of pain and evoked pain as isolated
phenomena or in combination.

While for teaching purposes, distinguishing
between nociceptive and neuropathic pain makes
sense, doing so does not do justice to the FBSS, be-
cause mixed, i.e. neuropathic and nociceptive pain
already occurs in the early phase.

Due to the wide variety of pathophysiological
mechanisms, in pain medicine the term »mixed-
pain syndrome« has become established for de-
scribing a synthesis of nociceptive, inflammatory
and neuropathic pain components. It is important
to assign equal weight to all components in the
initial pharmacologic treatment strategy in order
to prevent further chronic pain.

Red flags and chronicity

Indications of threatening chronic pain are pro-
vided by so-called red flags, such as age < 20 or
> 55, cancer or HIV, infection (fever > 38 °C),
recent severe trauma, weight loss, night pain, im-
munosuppression, steroid treatment, history of
drug abuse, neurological symptoms, incontinence,
saddle block anesthesia and pareses.

These red flags call for immediate and rapid
diagnosis. The mechanisms that cause pain to be-
come chronic have not been completely identified.
It is known that risk factors, the so-called yellow
flags, exist in a patients history and environment
that may allow these high-risk patients to be de-
tected early on.

Yellow flags include inability to work for more
than 4 months, low social status or low or nonex-
istent job skills, low job satisfaction, previous disc
surgery, emotional and social problems, depressive
disorders, avoidance behavior or exaggerated en-
durance strategies, stressful childhood, absence of
emotional relationships, lack of security, physical
abuse, sexual abuse, frequent quarreling or divorce
by parents.

Chronicity of pain occurs when neurons on
the spinal cord level constantly receive pain stim-
uli from the periphery. This situation gives rise
to a »wind up« phenomenon. This means that
previously subliminal action potentials are sud-
denly transmitted without the corresponding no-
ciceptors in the periphery signalling pain stimuli
or existing peripheral pain stimulus becoming
stronger.
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Permanent pain situations not only lead to
constant stimulation of the nerve cells in the poste-
rior horn of the spinal cord but are also able to in-
duce long-term functional and structural changes
in the nervous system.

The glutamate receptors, especially the N-
methyl D-aspartate (NMDA) receptors which are
permeable for calcium ions, are involved in these
spinal mechanisms. voltage-gated calcium chan-
nels and the ion channel of the NMDA receptor
are opened to a greater extent in the excited state
of the nerve cell, which increases intracellular cal-
cium ion concentration. Calcium ions are a uni-
versal trigger for a number of signal transduction
paths that are necessary for learning processes.

For this reason, according to Mense, chronic
pain is nothing other than the result of an »invol-
untary« learning process.

The increased calcium ion concentration in-
fluences the cell metabolism. Calcium-dependent
phosphorylating enzymes are activated, which
changes the gene transcription. The nerve cells pro-
duce new proteins, as well as receptors, ion channels
and membrane proteins, which means that the cell
is now overexcitable and permanently restructured.

Due to the change in excitability the nerve cells
respond to the same stimulus with a higher firing
activity. Thus, weak pain stimuli trigger a perma-
nently increased stimulus response and the cell fires
high-frequency action potentials. These processes
are the basis for pain chronicity and hyperalgesia.

The molecule BH4 is a crucial factor in the de-
velopment of chronic pain. In a study, an interna-
tional team led by Woolf reported that three genes
showed an increase in expression in the case of
nerve damage. These genes encode enzymes that
are involved in the production and recycling of the
molecule BH4, which is essential for the produc-
tion of serotonin, dopamine and noradrenaline.
These observations led the group to assume that
human genes that are involved in the regulation of
BH4 play a role in the intensity of the response to
pain stimuli. In general, low BH4 levels were as-
sociated with less pain.

Molecular biological studies on the neuroplas-
ticity of the nervous system carried out by Carr et
al. have shown that changes that in principle lead
to pain chronicity can occur in a matter of sec-
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onds, minutes and hours, which means that time
is not an adequate measure for the likelihood of a
patient to develop chronic pain.

7.2 Spinal pain syndromes

Back pain is the most frequent form of pain in the
population. A survey carried out in Germany in
2006 showed that an average of 69% of the popula-
tion there suffers from occasional back pain. Fif-
teen percent of the respondents reported that they
suffered from chronic back pain.

A study carried out in 2002-2003 broke down
back-pain statistics by gender. According to the
study, 65.8% of women were affected by occa-
sional back pain, far more often than men (57.4%).
The incidence of chronic back pain is also higher
among women. 21.6% experience persistent pain.
15.5% of men suffer from chronic back pain.
Back pain can be divided into specific and non-
specific back pain. Specific back pain has an un-
equivocally identifiable somatic cause and includes
herniated disc, spondylolisthesis, spinal canal
stenosis, vertebral body fracture, tumors, infection
or inflammatory disease.

In contrast, unspecific back pain cannot be ex-
plained by specific pathological physical changes. If
unspecific back pain lasts for a long time or recurs
frequently, there is a risk that the pain will become
chronic. Recent research results show that 85% of
all back pain is unspecific, which means that the
reason for the pain remains unclear. For this type of
back pain, treatment generally remains symptom-
related. This means that treatment regimens are
predominantly oriented toward reducing pain, im-
proving mobility and strengthening muscles.

For patients with acute pain, the chances for
quick pain relief are good. In 90% of cases, back
pain improves within 6 weeks. The remaining 10%
are problematic. These patients do not experience
pain relief and their pain may become chronic.

7.2.1 Treating spinal pain syndromes

Although the focus of this book is on endoscopi-
cally assisted invasive therapy, conservative and
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pharmacologic treatment strategies for treating
acute and chronic spinal pain syndromes must be
discussed due to their significance.

The guiding principle of modern therapeutic
and multimodal concepts is based on the hypoth-
esis that chronic back pain can lead to chronic
impairment or disability as a result of the impact
and interaction of biomechanical dysfunction, de-
terioration of physical condition and psychosocial
stress factors. For therapeutic effectiveness, a dis-
tinction must be made between acute and chronic
spinal pain syndromes.

Most of the regularly applied treatments used
are of limited effectiveness for chronic back pain.
The prognosis for acute back pain is relatively good,
however. The term »chronic pain« takes the dura-
tion of pain into account, while the term »chronic-
ity« considers the multidimensionality of the pain.

In order to break the vicious circle of pain -
rest — decline in physical condition - pain, proper
pharmacologic pain treatment is required. Only
targeted pain therapy intervention can prevent
pain memory. Psychotherapy can be extremely
beneficial.

In the acute phase of illness, patients should
also be encouraged to resume their daily activities
as best they can. Patients need to be aware that
they may move despite their pain. Bedrest for a pe-
riod of several days is generally contraindicated.

A wide range of effective ingredients, including
analgesics and anti-inflammatories are available
for pharmacologic pain therapy. Due to the known
adverse effects of non-steroidal anti-inflammatory
drugs (NSAIDs), they should not be prescribed for
long-term therapy.

For pharmacologic therapy, the WHO algo-
rithm for pain therapy may be used as a guideline.
It should be ensured that patients can transition
quickly from one level to the next.

For pharmacologic pain therapy, adjuvant
drug-based intervention for sedation and sleep
promotion (tricyclic antidepressants, antiepilep-
tics) should be integrated.

In many cases, surgical decompression is the
only reasonable therapeutic intervention. As Deyo
et al. concluded, patients with extensive motor
deficits and patients with spinal trauma require
surgery. Surgical procedures can reduce pain and

enhance function. If no larger neurological deficits
exist, patients with herniated disc, degenerative
spondylolisthesis or spinal canal stenosis generally
do not require surgery. However, proper surgical
treatment may bring about acceptable pain relief.
Determining the indications and prudent deci-
sion-making is called for in this situation.

Pain associations currently recommend multi-
modal treatment of chronic back pain, which takes
somatic, emotional and social aspects into account.
The term »multimodal« does not mean that these
individual components are simply collected and
applied separately. According to studies by Pfing-
sten and Hildebrandt, multimodal programs for
treating chronic back pain based on the principle
of »functional restoration« are effective and can
reduce treatment costs considerably. The concept
was already presented by Mayer and Gatschel in the
1980s. It is characterized by its sports-medicine ap-
proach based on behavior-modification principles.

According to Roth-Brons, invasive pain ther-
apy interventions are not methods of first choice.
They should only be considered when conservative
procedures that have been applied in a multimodal
setting do not bring about sufficient pain relief.

This widely shared opinion is no longer up to
date, and needs to be revised, not only due to tech-
nical advances in interventional pain therapy. The
problem of pain chronicity should be addressed
as well.

From the point of view of pain therapy, it is
important to develop an integrative overall concept
for a defined period of 6 to 8 weeks that takes all
factors into account at the same time. In the case of
resistance to therapy or an increase in symptoms,
however, a proper differential diagnosis should be
carried out after no later than 12 weeks. Chronic
pain treatment must be carried out using an inte-
grative approach and is time- and energy-consum-
ing when undertaken in the conventional manner.

Outcomes are considerably better when ther-
apy is started early on, making early intervention
for at-risk patients a very good strategy.

The primary objective involves treating the
origin of pain, generally by a specialist.

For non-threatening acute clinical symptoms,
pragmatic symptom-oriented treatment is often
the best strategy.
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Using an invasive pain therapy procedure to
meet the individual treatment objective can pre-
vent patients from being prescribed long-term and
high-cost WHO Level III opioids.

Algorithm for spinal pain therapy

For patients with chronic pain syndromes, achiev-
ing full recovery in cases such as severe neuro-
pathic pain is very difficult to nearly impossible.
These pain syndromes generally constitute a do-
main of pharmacologic pain therapy using nerve
blocks and neuromodulative procedures that are
offered in out-patient or in-patient pain clinics.

With the exception of acute cauda equina syn-
drome, significant and progressive pareses and
herniated disc with substantial neurological defi-
cits, which require surgery, treating spinal pain
syndromes is done in a multimodal, interdisciplin-
ary conservative manner.

Pharmacologic pain therapy poses particular
demands on the patient and the pain therapist,
because the chances that any drug on its own will
be 100% successful are very low. Therapy should
begin with the administration of the drug with
proper titration, replacing it with another drug if
results are not satisfactory. In our experience, the
use of one substance class is often not sufficient,
and a combination of two or more effective ingre-
dients is required from the very outset.

For pharmacologic therapy of neuropathic
pain, we recommend a basic therapy independent
of etiology. This drug-based therapy consists of
tricyclic antidepressants/dual selective serotonin
noradrenaline reuptake inhibitors (dual SNRIs,
whose effective ingredients include mirtazapine,
nefazodone and venlafaxine), anticonvulsants with
an effect on neuronal calcium channels and anti-
convulsants with membrane-stabilizing effect and
slow-release opioids.

Keeping a pain diary and sharing reports on
results at short intervals is recommended. A wide
range of drugs, including gabapentin and pregaba-
lin are available to treat neuropathic pain. For
selected patients with particular pain conditions
or special situations, it may be necessary to pre-
scribe carbamazepine, amitriptyline, imipramine,
doxepin and phenytoin.
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The use of most other substances is generally
prescribed when individualizing curative therapy.

For patients with a spinal pain syndrome, with
the wide range of options for conservative treat-
ment available, no gold standard for therapy has
been defined.

Based on the internationally accepted recom-
mendations of the Scottish Intercollegiate Guide-
lines Network (SIGN), the letters A to D are used
to assess scientific evidence. Evidence-based guide-
lines for treating spinal pain syndromes exist.

The letter D has been assigned to pain relief
treatments. This means that there are no well-
founded studies in this area. Statements on
effectiveness are supported by case reports and
expert opinions.
For pharmacologic therapy, for example with
analgesics and steroidal and non-steroidal anti-
inflammatories, a body of evidence is available
assigned the letter A. This means that the state-
ment on effectiveness is supported by several
adequate valid clinical studies or by at least one
valid meta-analysis or systematic review.

The main principle is to bring about pain relief
in order to subsequently achieve functional nor-
malization. Advising bedrest for patients with low
back pain or telling them to »take it easy« is not
recommended, because there is no proven thera-
peutic effect for these measures.

Patients with radicular pain syndromes, too,
are recommended to undergo physical therapy and
resume activities no later than 4 days after the
acute event. More than 4 days of bedrest is dis-
couraged.

For conservative treatment, within a period of
6 to 8 weeks there should be a marked reduction
of pain and an increased capacity on the part of
the patient. If this is not the case, treatment modi-
fication or invasive diagnostics (epiduroscopy) or
surgical intervention should be considered, be-
cause continuing conservative treatment may lead
to pain chronicity.

Based on clinical results and the practical work
of pain therapists who perform invasive proce-
dures, the following algorithm was developed in
cooperation with the task force for interventional
pain therapy of the German Pain Association
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(DGS). The algorithm needs to be adapted to the

particular case in question.
Level I: Series of epidural analgesias in the
single-shot technique with 0.125% to 1.75%
bupivacaine. Once it has taken effect, targeted
physical therapy is started. If therapy is success-
ful, no further invasive measures are needed.
Level II: If the measures in Level I of the al-
gorithm are only partially successful or not
at all, an additional epidural application of a
glucocorticoid is delivered. The course of com-
bined invasive and physical therapy remains
unchanged. For partial responders, epiduros-
copy is indicated, specifically, targeted endo-
scopically assisted epidural-analgesic therapy.
Level llI: Epidural analgesias with local anes-
thesia and/or application of adequate dosage
of opioid analgesics (WHO Level III) that lead
to long-term pain reduction or freedom from
pain in the case of peripheral or spinal source
of pain. At this level of the algorithm, in the
case of non-opioid-sensitive pain diagnoses
that ruled out a spinal cause, indication for
surgery, somatoform pain disorder or central
pain sensitization need to be reviewed. If these
reasons have been ruled out, after reviewing
the stringent selection criteria, therapy with
spinal cord stimulation (SCS) is indicated. If
the test is positive, either the epidural therapy
via epidural catheter is continued in the form
of epidural analgetic therapy (EAT) over a lim-
ited period of 2 to 4 weeks or there is a direct
transition to oral opioid therapy.
Level IV: In the case of intolerable opioid-re-
lated adverse effects and/or insufficient analge-
sia, the transition is made to continuous spinal
(intrathecal) opioid analgesia via spinal catheter
and a drug pump. It must be kept in mind that
the new algorithm approved by the Polyanalge-
sic Consensus Panel (PCP) on January 20, 2007
in Miami, Florida, now includes ziconotide as
an alternative to first-line opioids, morphine
and hydromorphine. Fentanyl was moved from
a fourth-line treatment option to a second-line
option and clonidine was recommended for
neuropathic pain as a second-line single agent
option. The 2007 PCP continues to recommend
that ziconotide can be combined with other line

three treatment options (morphine, hydromor-
phone, bupivacaine and clonidine).

Level V: Coordinated supportive therapy is in-
dispensable for oral opioid long-term medica-
tion, as well as for spinal opioid analgesia or
ziconotide therapy. Pain therapists have a wide
range of epiduroscopically assisted invasive
techniques at their disposal, including cath-
eter management, epidural analgetic therapy,
epidural laser adhesiolysis, SCS implantation,
pulsed radio frequency therapy and surgical
and neurolytic procedures, in order to meet the
treatment objective or the individual treatment
objective of the patient.

Setting a suitable early time for endoscopic diagnos-
tics and therapy of spinal pain syndromes is crucial
for counteracting potential pain chronicity.

7.3  Epiduroscopic interventions

For epidural diagnostics and therapy of pain syn-
dromes, endoscopy of the epidural space - epidu-
roscopy (EDS) - is a new imaging procedure that
supplements conventional procedures and can also
be used to perform invasive procedures.

For epiduroscopically assisted interventions,
such as biopsy, adhesiolysis, resection of scar tis-
sue, removal of irrigation fluid or lipoma removal,
cauterization, extirpation of foreign bodies and ab-
scess drainage, flexible surgical instruments, surgi-
cal lasers and catheters are available for use via the
working channel of the epiduroscope.

Invasive epidural pain therapy is usually in-
dicated in patients with a clearly unresolved pain
problem.

Spinal pain syndromes, including those with
indications of radicular involvement, can be di-
vided into those with nociceptive, neuropathic or
mixed pain components. Microendoscopic discec-
tomy (MED) as described by Perez-Cruet et al. is
another neuroendoscopic intervention of the spine
involving the posterior or posteromedial endo-
scopic approach via the interlaminar window for
treating herniated disc and spinal canal stenosis.
According to Hellwig et al,, it is unclear whether
neuroendoscopic surgical procedures have better
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long-term results than microsurgical procedures in
the spinal region.

For further diagnostics and therapy it is impor-
tant to classify the different pain components as part
of a thorough clinical neurological examination. For
the therapy of patients with chronic pain, anesthesi-
ological procedures such as nerve blocks, neurolysis
and radio frequency therapy continue to be used.

Neurogenic pain can be maintained by the sym-
pathetic nervous system, especially in the acute stage
of the pain syndrome. This is referred to as sympa-
thetically mediated pain (SMP). Sympathetic gan-
glion blocks with local anesthesia and/or with ad-
ditional opioids generally have a long-term analgesic
effect. However, if the sympathetic block does not
have an analgesic effect, sympathetically indepen-
dent pain (SIP) is involved. In this case, mixed nerve
blocks are used, in some cases with a catheter proce-
dure, to attempt to establish long-term analgesia.

As reported above, even without prior disc
surgery, painful epidural adhesions can be induced
after leakage of proteoglycans from the annulus fi-
brosus into the epidural space. It should be kept in
mind that chronic processes can begin shortly after
a painful irritation and within a matter of days
can trigger morphological and functional changes.
This may result in pain memory with plastic neu-
ral changes and considerable enlargement of the
central receptive sensory fields. As the situation
progresses, even unspecific stimuli can lead to sub-
jectively specific pain perception in these patients.
As the clinical results show, access to these pro-
cesses through causal therapy is nearly impossible.

To date, ineffective pharmacologic pain ther-
apy, intolerable adverse effects of drugs or the fail-
ure of non-invasive pain therapies, as well as surgi-
cal interventions that are unlikely to bring about
pain relief have all been indications for therapeutic
epidural interventions.

In my opinion, this widely held notion is neither
effective nor up to date. A paradigm shift is needed.
Based on our vast clinical experience with interven-
tional pain management, an algorithm must be laid
down for indications for performing EDS.

In my view, epiduroscopy must be integrated
in the diagnostics and/or therapy of spinal pain
syndromes early on in an intelligent, interdisci-
plinary overall pain therapy concept. In addition,
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epiduroscopy should be classified as a first-line
alternative for diagnostics and therapy in the area
of pain management, alongside CT and MRI.
The methodology for epiduroscopic interven-
tions offers the following advantages:
Resection and reconstruction of healthy organs
is minimized or avoided.
The stress on the patient caused by surgery-
related pain can be greatly reduced and the
length of rehabilitation and hospital stays is
substantially shortened.

The problems associated with epiduroscopic surgi-
cal procedures are:
Assessing the area to be operated on by palpi-
tation is not possible.
The surgical instruments cannot be used in the
usual shape and manner.

Performing interventional procedures under epi-
duroscopic control requires intensive training. As
with all new procedures, the surgical techniques
are still in the developmental stage, they must be
refined on many levels.

In a study carried out in 2000, Saberski com-
pared two groups of patients, one with 22 patients
treated with epiduroscopy and a second group
with 13 patients who underwent laminectomy. Af-
ter spinal canal endoscopy, 31.8% of Group 1 (epi-
duroscopy) patients were on opioid medication,
whereas, 92.3% of Group 2 (laminectomy) patients
were continued on opioid medication after lamin-
ectomy. The fact that 72% from the spinal canal
endoscopy group and only 28% from the laminec-
tomy group returned to work is striking. Based on
112 epidural endoscopies, Manchikanti et al. (2000)
reported that epidural endoscopy with adhesiolysis
is a relatively safe and cost-effective technique for
the management of chronic back pain. According
to the authors, epidural endoscopy management
is less cost-intensive than conventional surgical
treatment of chronic back pain. The U.S. expert
group (authors: Boswell MV, Trescot AM, Datta S,
Schultz DM, Hansen HC, Abdi S, Sehgal N, Shah
RV, Singh V, Benyamin RM, Patel VB, Buenaven-
tura RM, Colson JD, Cordner HJ, Epter RS, Jasper
JE Dunbar EE, Atluri SL, Bowman RC, Deer TR,
Swicegood JR, Staats PS, Smith HS, Burton AW,
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Kloth DS, Giordano J, Manchikanti L) published
evidence-based practice guidelines in the manage-
ment of chronic spinal pain.

For spinal endoscopic adhesiolysis, the evi-
dence is strong (Level II) for short-term relief and
moderate (Level III) for long-term relief.

These U.S. guidelines are not mandatory recom-
mendations for treatment or a standard for exami-
nation and are not representative for the standard
of care.

7.3.1 Epiduroscopic catheter

management

In the context of anesthesiology and therapy of
chronic pain syndromes, placement of epidural
catheters for delivering local anesthetics, opioids
or other drugs is an adequate, safe procedure.

Racz has developed epidural neuroplasty, as
well as a special epidural catheter for pain therapy.
Eligibility criteria for Racz epidural spinal catheter
therapy include progressive sensory disorders, pain
syndrome persisting longer than 4 weeks, disc pro-
trusion/herniation with radicular pain symptoms
without motor deficits and postoperative scarring.

Schneiderhan studied the effectiveness of the
special Racz epidural catheter technique during the
first postoperative year in 63 patients. The patients
were surveyed after 4 weeks, 3 months and 1 year
regarding their subjective satisfaction, use of pain re-
lievers, postoperative pain development, continued
pain and symptoms, new symptoms, ability to work,
sports activities, relapse, surgical revisions and com-
plications. 84.3% of the 63 patients surveyed by Sch-
neiderhan reported good to very good results after
1 year, with 8.3% reporting satisfactory results and
4.4% unsatisfactory results. 4.7% of the patients re-
ported a relapse. Complications were not reported.

Veihelmann et al. studied 128 patients with re-
gard to the effectiveness of Racz epidural catheter
therapy in a prospective, randomized study as com-
pared to conservative therapy with physical rehabili-
tation. The authors concluded that if indications are
equivocal, epidural catheter therapy is a worthwhile
therapeutic option. They pointed out that after 3
months, Racz epidural catheter therapy is superior
to conservative therapy with physical therapy.

Gerdesmeyer et al. (2003) studied the impact
of Racz minimally invasive percutaneous neuroly-
sis on low back pain syndrome in 25 patients
with chronic lumbar back pain and radiculopathy
in failed back surgery syndrome or lumbar disc
protrusion/herniation. The authors concluded that
the Racz procedure has fewer adverse effects and
appears to be applicable for chronic low back pain
syndrome.

Despite relatively widespread use of the Racz
method, little comparative reliable scientific lit-
erature has been devoted to the procedure. Based
on the internationally accepted recommendations
of the Scottish Intercollegiate Guidelines Network
(SIGN), the letters A to D are used to assess sci-
entific evidence. There is evidence for treatment
attempts with epidural local anesthetic infiltra-
tion and/or steroids delivered via a catheter over
a period of several days, and these therapeutic
measures for pain relief are assigned the letter D.
This means that no reliable results of studies are
available and that statements on effectiveness are
supported by case studies and expert opinions.

For surgeons with practice in this procedure,
placing an epidural catheter is generally effortless
and uncomplicated if anatomical circumstances
are normal. However, in patients with skeletal and/
or soft tissue changes of the supporting ligaments
of the spine, this is much more difficult and often
results in complications (@ Fig. 7.1a-f).

According to various publications, the rate at
which the desired target position of the placed
catheter is achieved is 12% for the lumbar region,
7% from the lumbar to the thoracic region and
18% for the thoracic target position.

7.3.2 Indications

Epidural catheter placement for procedures such
as epidural analgesic therapy for chronic pain is
frequently indicated when sufficient analgesia can-
not be brought about despite the use of systemic
analgesics or if adverse effects occur that are intol-
erable for the patient.

It appears that catheter placement for epidu-
ral adhesiolysis has become the most frequent
indication.
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B Fig.7.1. a Catheter in epidural space with normal anatomical structures. b Epidural catheter between the spinal dura mater
and fatty tissue. c Epidural catheter in the epidural space in the fibrotic tissue. d Catheter in the area of the nerve root. e Cervical
catheter implantation (Picture-inPicture-technique). f Placement of a cervical epidural catheter

Therapeutic indications for epiduroscopy in- In the case of pathological alterations, it can be
clude catheter placement for problematic passage particularly difficult to unequivocally identify the
or if placement is not possible or the risk to the pa-  epidural space, and this increases the risk of mis-
tient during radiological procedures is too great. placed punctures, erroneous catheter placement
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O Fig.7.2a-d. a,b Catheter tunneling technique. c Catheter
exit site. d Dressing technique

and technical problems with catheters. Catheter
placement under direct endoscopic vision, permit-
ted by epiduroscopy, is generally well-suited for
solving this dilemma.

Endoscopic catheter placement is the only
method that permits treatments such as targeted
therapy of the affected nerve roots or of the painful
epidural region.

7.3.3 Technique

Epidural catheters can be placed safely and un-
equivocally under endoscopic vision via the work-
ing channel of the epiduroscope. Endoscopically
assisted dorsal or ventral catheter positioning can
be carried out in all regions, including the sacral,
lumbar, thoracic and even cervical segments.

Conventional catheters, as well as catheters in-
troduced with stylets, are available for endoscopic
implantation of epidural catheters.

We use an epidural catheter with a stylet (Vy-
gon, Aachen, Germany), 0.6x1.0Xx900 mm or
1800 mm, open distal end, catheter markings at
the distal end at 1-cm increments from 5 cm to
15 cm, as well as at 20 cm.

Once the epidural catheter has been success-
fully placed, the epiduroscope can be removed
from the epidural space via the catheter with the
stylet under continuous observation. The stylet
can then be removed.

For hygienic reasons, once local anesthesia
has been ensured, we recommend creating an
approx. 8-cm subcutaneous tract and then pro-
ducing a craniolateral exit direction. The catheter
can then be sutured at the percutaneous exit site
(B Figs. 7.2a-d).

7.3.4 Complications

Endoscopic catheter placement is sometimes as-
sociated with technical or neurological complica-
tions, which are dependent on a variety of factors.
These include the experience of the surgeon, the
anatomical circumstances of the patient, the type
of material, the clarity of endoscopic vision, as well
as the duration of catheter placement.
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Neurological complications arising from epi-
dural catheter procedures manifest as paresthe-
sia or postspinal headache (intrathecal migration
of the catheter) lasting several days. Neurological
deficits may be caused by bleeding or infection.
The symptoms can include irritation of individual
nerve roots, cauda equina syndrome and even
complete spinal cord injury. Neurological compli-
cations after epidural catheter placement are rare.
Kindler et al. reported an interval of between 1
and 60 days from the placement of a catheter to
the onset of neurological symptoms. In the lit-
erature, the incidence of life-threatening compli-
cations with perioperative therapy with epidural
catheters is reported to range from 1:900 to 1:3000.
For long-term catheter therapies, an increase in
the incidence of complications can be assumed due
to catheter-related infections, displacement of the
catheter after initial correct placement and incor-
rect treatment/mistakes.

Even if the epidural catheter has initially been
placed correctly, it is possible for the catheter tip to
become displaced toward the subarachnoidal space
or penetrate a venous epidural blood vessel. This
can lead to accidental intraspinal, subarachnoid or
intravenous drug delivery. According to Scherer,
neither careful aspiration prior to drug delivery,
nor the application of a local anesthetic containing
adrenaline as a test dose can provide absolute pro-
tection from incorrect injection. However, accord-
ing to Wheatley and Schug, the incidence of such
events is low, at 0.15% to 0.18%, for both intrathe-
cal and intravenous displacement.

Gerdesmeyer et al. reported on complications
following placement of a catheter for Racz epi-
dural neurolysis. Twenty-one of the 61 patients
developed slight transitory neurological deficits in
the area of the lysed nerve root immediately fol-
lowing the procedure. According to the authors,
the deficits were purely sensory in 14 cases. On
the third postoperative day all patients experi-
enced complete recovery. In two patients, during
placement of an epidural catheter a perforation of
the spinal dura mater occurred during treatment,
which was discovered via epidurography prior to
intended injection of the drugs. In two other pa-
tients, during placement of the epidural catheter
and during further positioning attempts, partial
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shearing of the catheter occurred. In one case,
epidural infection occurred 7 days after catheter
removal. It was detected on the basis of clinical
symptoms, lab tests and MRI and treated success-
fully with antibiotics. Reihsaus et al. undertook
a meta-analysis of 915 patients with a epidural
abscess described in the international literature
and compiled initial symptoms that were highly
indicative of epidural abscess (back pain, local
hypersensitivity, signs of meningitis, parameters
of acute inflammation). These symptoms neces-
sitate emergency diagnostics (MRI) and therapy
(laminectomy, antibiotics) to prevent permanent
injury resulting from pronounced. neurological
deficits.

7.3.5 Our own experience

In our experience, when catheters are not placed
with endoscopic assistance, injections may inad-
vertently end up near a nerve root, in a vein or in
a ligament. Epidural injection of a non-isotonic,
cold or neurotoxic solution or an injection tech-
nique that is too fast may cause the patient to
experience pain during epidural injection. With
catheter procedures, however, epidural injection
pain may also occur in the further course of the
pain therapy.

In our clinical experience, the pain that some-
times occurs after or during epidural injection
does not occur after direct epiduroscopic catheter
placement.

This gives credence to the notion that by en-
doscopically imbedding the catheter tip in a non-
vulnerable epidural region, such as fatty tissue
(BFig.7.1a), pain from injection or contact can be
prevented.

Compared to single-holed catheters, multi-
holed catheters ensure more even distribution
of the drug in the epidural space. Intravascular
positions are also reported to be more reliably
identified with multi-holed catheters. With some
openings, a catheter placed without epiduroscopic
assistance may be correctly located in the epidu-
ral space. However, with the same catheter, other
openings may end up in a vessel or even in the
intrathecal space.
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We use the 19-G epidural catheter with a stylet
(Vygon, Aachen, Germany). Its guide wire pro-
vides the required stability as needed by the poly-
urethane catheter. The bright color of the catheter
and the markings facilitate handling during epidu-
roscopy.

EPIMED (EPIMED International, Inc., Glov-
ersville, New York) has developed its Caud-A-Kath
epidural catheter for percutaneous caudal catheter
placement. Some models of epidural catheters are
available that are equipped with a stylet, which is
important for performing EDS. In our experience,
special catheters such as a Racz catheter are not
necessary.

In our patients, under endoscopic monitor-
ing, in addition to normal catheter positioning,
we could also observe the formation of loops and
knots in the catheter, as well as bending of the
catheter tip. By placing a catheter introduced by
a stylet under epiduroscopic vision, it is nearly
impossible for the catheter to roll up or for kinks
or loops to form.

During endoscopic implantation of over 800
catheters, in 2% of the cases minor epidural bleed-
ing occurred, the procedure was either interrupted
until bleeding had stopped (with the endoscope in
place) or was treated by laser coagulation.

In 12% of our patients, we had to microsurgi-
cally detach epidural adhesions or fibrotic tissue in
order for the catheter to access the epidural target
region. In 16% of our patients, we observed epidu-
ral stenoses that were too narrow for the catheter
to pass and which restricted catheter placement in
this region.

In 2007, Lang reported on the initial results of
our German-Austrian cooperation with epiduro-
scopic and conventional positioning of epidural
catheters for analgesia in pulmonary surgery. The
author showed that the sacral approach under
epiduroscopic vision is suitable for implanting epi-
dural catheters prior to lung surgery, as well as for
perioperative analgesia. The thoracic region was
reached through epiduroscopy in all of the patients
undergoing pulmonary surgery.

We are convinced that complications aris-
ing during catheter implantation can be avoided
through preventive measures such as EDS. The
use of epiduroscopy for catheter placement is a

preventive measure due to the fact that endoscopy
prevents the complications that arise during the
conventional procedure.

As with all invasive procedures, however, com-
plications can arise. In this case, it is imperative
to diagnose the problem immediately and begin
treatment as soon as possible.

In summary, the sacral approach technique to
the epidural space under epiduroscopic vision is
an excellent means of placing catheters for pain
therapy, preoperative measures and for analgesia.
It is safe and prevents the shearing that occurs with
conventional approaches.

We consider the endoscopic approach to the
epidural space, including epiduroscopically as-
sisted catheter placement to be superior to the
conventional lumbar, thoracic and cervical cath-
eter technique for epidural analgesia and anesthe-
sia in the following aspects: handling, accuracy of
placement, speed of placement, primary success
of analgesia, secondary displacement, patient sat-
isfaction, satisfaction of pain therapists, surgeons
and users.

The endoscopic technique can be easily inte-
grated into the perioperative clinical routine.

Clinical experience with epiduroscopic
catheter placement:

== The sacral approach technique and the
identification of the epidural space with
epiduroscopy are generally uncompli-
cated.

== Epiduroscopic management is very well
suited for positioning catheters (lumbar,
thoracic, cervical) safely and unequivo-
cally for anesthesia, postoperative anal-
gesia or pain therapy (e.g. EAT).

== Epiduroscopic management is superior
to conventional lumbar, thoracic and cer-
vical catheter technique with regard to
handling, accuracy of catheter placement,
speed of placement, primary success of
analgesia, secondary displacement, pa-
tient satisfaction and user satisfaction.

== Epidural management is easy to integrate
in clinical routines.



101 7

7.4 - Endoscopically assisted epidural analgesic therapy (EAT)

7.4 Endoscopically assisted epidural
analgesic therapy (EAT) - spinal

endoscopic adhesiolysis

In our clinical experience, the use of epiduroscopy
allows directed and targeted spinal dorsal and ven-
tral epidural pharmacologic treatment and epidu-
ral analgesic therapy (EAT).

Exact endoscopic positioning of the catheter
tip in the area of the pathological process is an
important precondition for carrying out epidural
analgesic therapy.

As part of epidural analgesic therapy, as we
have referred to the special epidural pharmacologic
therapy for years, substances such as local anesthet-
ics, glucocorticoids and saline are delivered epidur-
ally, individually or in various combinations.

Epidural drug delivery under endoscopic vision
can prevent the use of unnecessarily high local con-
centrations and avoid intrathecal applications.

With the use of our epiduroscopy management,
the epidural analgesic therapy can substantially
contribute to optimizing the treatment strategy for
problems such as failed back surgery syndromes,
epidural fibroses and lumbar radiculopathy.

A group of experts (Boswell MV, Trescot AM,
Datta S, Schultz DM, Hansen HC, Abdi S, Sehgal
N, Shah RV, Singh V, Benyamin RM, Patel VB,

Buenaventura RM, Colson JD, Cordner HJ, Epter
RS, Jasper JE Dunbar EE, Atluri SL, Bowman
RC, Deer TR, Swicegood JR, Staats PS, Smith HS,
Burton AW, Kloth DS, Giordano J, Manchikanti L)
confirmed that spinal endoscopic adhesiolysis def-
initely brought about short-term pain relief (Level
II), while long-term relief had only moderate suc-
cess (Level III) (BTable 7.1). The methodological
quality criteria for assessing pain relief included
the criteria of the Agency for Healthcare research
and Quality (AHRQ), the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS) and the
Cochrane review. The individual stages for as-
sessing pain relief were labeled as follows: Level I
(conclusive relief), Level II (strong relief), Level
III (moderate relief), Level IV (limited relief) and
Level V (indeterminate relief).

Therapeutic epiduroscopically assisted inter-
ventions, combined with special exercise programs
managed by a specialist, can have a positive effect
on nerve root irritation syndromes or even coun-
teract pain chronicity, among other problems.

Epidural analgesic therapy can be optimized
through competent physical therapy. The rela-
tive protection of the local analgesic effect can
help the patient to tolerate the therapy much bet-
ter. This concept accelerates concrete progress in
therapy and mobilization. Decoupling movement

B Table 7.1. Designation of levels of evidence (Boswell et al. 2007)

Level | Research-based evidence with multiple relevant and high-quality scientific studies or consis-
Conclusive: tent reviews of metaanalyses.
Level Il Research-based evidence from at least 1 properly designed randomized, controlled trial; or
Strong: research-based evidence from multiple properly designed studies of smaller size; or multiple
low quality trials.
Level Ill a) Evidence obtained from well-designed pseudorandomized controlled trials (alternate
Moderate: allocation or some other method);
b) Evidence obtained from comparative studies with concurrent controls and allocation not
randomized (cohort studies, case-controlled studies, or interrupted time series with a
control group);
c) Evidence obtained from comparative studies with historical control, two or more single-
arm studies, or interrupted time series without a parallel control group.
Level IV Evidence from well-designed nonexperimental studies from more than 1 center or research
Limited: group; or conflicting evidence with inconsistent findings in multiple trials.
Level V Opinions of respected authorities, based on clinical evidence descriptive studies, or reports

Interdeterminate: of expert committees.
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and pain in the patient’s experience creates a high
level of motivation for carrying out our treatment
strategy.

To prevent and break pain chronicity, multi-
modal care strategies are needed. For instance, in
addition to prompt epidural adhesiolysis and spe-
cial pharmacologic therapy, such as EAT, provid-
ing in-depth information to the patient, having the
patient avoid strain or incorrect posture, physical
therapy, back school and behavior modification
therapy should be included in the multimodal
concept.

7.4.1 Indications

According to the task force for interventional pain
therapy of the German Pain Association (DGS)
the conference of experts held from February 10
to 12, 2000 in Innsbruck, Austria, confirmed that
indications for epidural pharmacologic therapy
are topical pain syndromes such as vertebrogenic,
discogenic and radicular pain, as well as complex
regional pain syndrome (CRPS).

The epidural pharmacologic therapy admin-
istered with the single-shot-technique or with a
catheter is a safe and effective treatment for topical
pain syndromes.

The effectiveness of epidural analgesic therapy
is primarily controlled by the application of corti-
costeroids and local anesthetics in radicular pain
syndromes.

The results of corticosteroids delivered epidur-
ally and epiradicularly for radicular pain are hotly
debated in controlled studies. The primary prob-
lem with these methods is accurate placement of
the corticoid at the affected root.

Accurate delivery of the right drug for the
particular symptom is the most important prereq-
uisite for effective epidural analgesic therapy. Cor-
rect delivery via caudal injection is rarely possible
under CT X-ray control, whereas lumbar epidural
injection and periradicular injection work well
under CT X-ray control.

Epiduroscopically assisted pharmacologic ther-
apy is the only way to guarantee early epidural
analgesic therapy for preventing pain from becom-
ing chronic.

In 2005, the American Society of Interven-
tional Pain Physicians published evidence-based
treatment guidelines for the management of
chronic spinal pain symptoms (epidural adhesioly-
sis, percutaneous adhesiolysis). The evidence was
strong (Level II) for spinal endoscopy for manag-
ing chronic low back pain and lower extremity
pain for short-term pain relief (up to 3 months)
and moderate (Level III) for long-term pain relief
(up to 6 months).

In the evidence-based guidelines for the United
States, Abdi et al. (2007) pointed out that in the
case of epidural scarring, percutaneous spinal en-
doscopic adhesiolysis was an important pain man-
agement instrument for the therapy of chronic
refractory low back pain. They thus recommended
assigning it Level II status.

It should be borne in mind that epidural phar-
macologic therapy is not suitable for long-term
therapy. In this case, intrathecal application is pref-
erable.

7.4.2 Drugs used in epidural analgesic
therapy

Glucocorticoids

Several reviews have reported on the effectiveness
of epidural application of corticosteroids for pain
syndromes due to spinal nerve compression and/
or chronic inflammatory processes. The outcomes
of these reviews are varied.

Due to new insights on the excretion of inflam-
matory mediators such as cytokines and prosta-
glandins from the disc tissue, this form of therapy
is now once again in use. While it is a well-founded
therapy from a pathophysiological point of view,
more recent studies vary widely with regard to their
injection technique, indications, choice of drugs,
dosage and injection volumes. The main problem
with these studies is their quality, particularly with
regard to the technique of epidural applications,
which is problematic in a number of areas.

While the effect of epidurally delivered corti-
costeroids appears to be relatively brief, it should
be borne in mind that radicular pain tends to go
away on its own anyway. In other publications,
the authors concluded from the same studies that
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epidural injections with corticoids are effective.
The main problems associated with epidural injec-
tions with corticoids are indication and technical
implementation.

The corticoid effect is more effective when the
corticoid is applied as close as possible to the af-
fected region. The effect is delayed by an interval
of one day to up to one week. The actual injection
target point of corticoid steroids for radicular pain
syndromes, herniated disc or stenoses is often the
ventral part of the epidural space, which is more
difficult to access.

Epidurally delivered cortisone inhibits the for-
mation of inflammatory cytokines such as Inter-
leukin-1, Interleukin-6 and tumor necrosis factor
(TNF), as well as that of interferon gamma, which
activates macrophages formed by T-lymphocytes
and the formation of leukotrienes and prostaglan-
dins that are of relevance for the genesis of the
painful inflammatory process.

The advantages compared to systemic applica-
tion are derived from the fact that drug is deposited
in the affected epidural segment, which with epidu-
roscopy is easy and can be verified unequivocally.

After an endoscopically targeted application
of dexamethasone, a reduction in swelling that
relieves pain and nerve decompression can be
brought about through the anti-inflammatory ef-
fect of the cortisone.

According to Brune, the glucocorticoids are
especially valuable for pain therapy for three rea-
sons:

Glucocorticoids reduce the expression (induc-

tion) of cyclo-oxygenase-2 in the inflamed tis-

sue. This allows them to reduce the heightened
sensitivity of the nociceptors due to prosta-
glandin.

Glucocorticoids reduce the production of the

proinflammatory cytokines (TNF-a, IL-1, IL-6).

Glucocorticoids also reduce the expression of

the cytokine-dependent cyclo-oxygenase-2 and

the inflammatory responses mediated inde-
pendent of prostaglandin production.

Glucocorticoids also elicit central nervous effects.
They cause an optimistic, occasionally even eu-
phoric, mood and can thus help the patient cope
with pain. On the other hand, when high doses

of glucocorticoids are administered or when they
are administered on a chronic basis, they can lead
to massive adverse effects. When using corticoids,
care should be taken to select suitable types, such
as methylprednisolone, triamcinolone or dex-
amethasone. Due to its purely glucocorticoid ef-
fect, dexamethasone is the preferred corticoid.
Hydrocortisone and prednisolone are unsuitable
because of their higher mineralocorticoid effects.
In 2007, the renowned expert group led by
Boswell published evidence-based practice guide-
lines for interventional techniques for managing
chronic spinal pain. The following information is
provided for classifying EAT:
The evidence for caudal epidural steroid injec-
tions is strong for short-term relief (Level II)
and moderate for long-term relief in man-
aging chronic low back and radicular pain
(Level III).
The evidence was limited in managing pain of
postlumbar laminectomy syndrome (Level IV).
The evidence for interlaminar epidural ste-
roid injections is strong for short-term relief
(Level II) and limited for long-term relief
(Level IV) in managing lumbar radiculopathy.
The evidence is moderate for cervical nerve
root pain (Level III).
The evidence for transforaminal epidural ste-
roid injections is strong (Level II) for short-
term and moderate (Level III) for long-term
improvement in managing lumbar nerve root
pain, whereas, it is moderate (Level III) for
cervical nerve root pain.
The evidence for transforaminal injections is
limited (Level IV) in managing pain secondary
to lumbar post laminectomy syndrome and
spinal stenosis.

Local anesthetics

Local anesthetics block the influx of sodium ions
into the nerve cell. The sodium channel block pre-
vents depolarization and the threshold required to
stimulate an action potential is no longer reached.
The local anesthetic effect leads to targeted pain
suppression and reduction of sensitivity to me-
chanical irritation in the case of nociceptors and
nociceptive axons.
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In the context of anesthesiology and pain ther-
apy, the amino amide local anesthetic bupivacaine
has been used for years for repetitive and con-
tinuous application. The S(-) isomer of the propyl
analog of bupivacaine, ropivacaine, is also widely
used in pain therapy. Ropivacaine is less lipophilic
than bupivacaine and mediates a better differential
block of sensory and motor fibers. In addition,
ropivacaine appears to have only a slight vasocon-
strictive effect, at least after epidural application.
Ropivacaines low cardio- and neurotoxicity are
also advantageous. This allows the use of local
anesthetic solutions at higher concentrations of
0.75% or 1.0%, leading to shorter onset times and
better analgesic quality. Blockage of the individual
pain-transmitting fibers occurs depending on the
thickness of the myelinized A delta fibers (1-4 pm)
and C fibers (0.4-1.2 pm).

In pain therapy, a basic distinction is made
between diagnostic, prognostic, preventive and
therapeutic blocks.

The therapeutic blocks in the form of EAT are
used for causal and symptomatic therapy of the
underlying condition.

We use local anesthetics for epidural analgesic
therapy, always tailoring it to the individual endo-
scopic and clinical conditions. To do so, we admin-
ister anesthetics, for example, 5 to 15 mg bupiva-
caine, via the endoscopically placed catheter.

We generally use a perfusor system to infuse
the bupivacaine. In the case of adverse effects, a
distinction should be made between allergic reac-
tions, technically-related incidents and local or
systematic toxicity of the local anesthetics.

Sodium chloride

In order to perform epidural analgesic therapy
(EAT), we use a 0.9% physiological saline solution
with or without corticoids or local anesthetics.
When we introduced percutaneous epiduros-
copy with flexible endoscopes at our clinic back in
1990, we first used a lumbar approach with a »flex-
ible catheter-secured epiduroscopic unit« (outside
diameter 0.9 mm). We used 0.9% saline irrigation
solution to achieve adequate endoscopic images.
After our first epiduroscopic examinations,
which were only for diagnostic purposes, we

observed that after the procedure, our patients
reported significantly less pain. Apparently the
epidural flushing effect with 0.9% saline solution
brought about pronounced, long-lasting pain re-
duction in the patients.

We then considered what the cause of analgesia
could be. Were pain mediators such as cytokinins
or substance P being flushed out during epidural
irrigation? Later on, I followed the advice of James
E. Heavner of Lubbock, Texas, to use 10.0% saline
solution for epidural analgesic therapy or percuta-
neous neuroplasty. The 10.0% saline solution was
purported to shrink the epidural scar tissue.

However, with our patients, we observed early
on that results with the higher-percentage saline
solution were no better than those achieved with
physiological saline solution.

This coincides with the recent results of Abdi
and Saberski and other users as well. These au-
thors reported that corticosteroids, hyaluronidase
and hypertonic saline solution were applied from
a caudal approach for adhesiolysis and to treat
inflammatory processes in their patients. They
observed that this combined pharmacologic pro-
cedure had no major advantages over exclusively
epidural application of corticoids.

The neurotoxic effects of the 10.0% saline can
have severe consequences for the patient. In addi-
tion to very severe pain, reactions include muscle
cramps, hypertension, arrhythmia, pulmonary
edema, localized pareses lasting several hours, per-
sistent paresthesia lasting several weeks, persistent
loss of control over sphincter tone and sacral an-
esthesia.

For epidural procedures, we use only physi-
ological saline solution, because we do not see any
advantages to using hypertonic saline solution,
which is associated with high risks.

7.4.3 Pharmacologic options

Opioid analgesics

The consequence of epidural opioid application,
such as morphine, fentanyl or sufentanil is an
inhibition of excitatory transmission from the no-
ciceptive afferent nerves to the next neurons. The
diffusion of the epidurally administered opioid
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analgesics from the epidural space to the intrathe-
cal space is responsible for the opioid analgesic
effect through binding, especially to opioid recep-
tors, which are located in the posterior horn of the
spinal cord at high concentrations. Depending on
the lipophilia of the opioid analgesic, dosage-de-
pendent supraspinal opioid effects are also brought
about by the diffusion of the analgesic into the
bloodstream. In addition, a certain percentage of
the opioid analgesic is stored in the fatty tissue of
the epidural space through diffusion, which brings
about a long-term effect.

The higher the lipophilia of an opioid, the bet-
ter its analgesic effectiveness. After epidural opioid
application, the opioid analgesic morphine begins
to take effect after 20 to 30 minutes and lasts 8 to
12 hours.

We primarily use morphine, the WHO ref-
erence opioid, for epidural analgesic therapy. In
isolated cases, we also use sufentanil, a thio analog
of fentanyl with 10-fold effectiveness, for epidural
analgesic therapy. Rapid onset and good controlla-
bility are further advantages of the opioid analgesic
sufentanil in epidural application.

Hyaluronidase

The mechanism of the enzyme hyaluronidase in-
volves the breakdown of the intercellular cement
by hydrolyzing hyaluronic acid, mucoitin acid and
chondroitic sulfuric acid and in turn, increasing
the permeability of the connective tissue. This
mechanism causes accelerated resorption after
subcutaneous and intramuscular injections.

The resorption of local anesthetics is improved
by hyaluronidase. In a study on dogs, as well as a
study on humans, hyaluronidase achieved a sig-
nificantly lower formation of epidural fibrosis after
spinal cord surgery or epidural procedures.

The neuroplasty concept recommended by
Racz calls for the use of corticoids, local anesthet-
ics, hypertonic saline solution and the application
of 1500 units of preservative-free hyaluronidase
delivered via a special epidural catheter in the area
of scarring. According to Racz et al., this mixture
of substances brings about a local neurolytic and
adhesiolytic decompression of the nerve root with
an associated anti-inflammatory and anti-edema-

tous effect. The injection is repeated on the second
and third day. The repeated doses have a prolong-
ing effect. According to the authors, this procedure
is worthwhile as long as the nerve root responsible
for the pain is actually reached.

We do not routinely administer hyaluronidase
epidurally, because in the past no local changes or
better clinical outcomes could be achieved under
epiduroscopic control.

Clonidine

Alpha-2 adrenoreceptor agonists have numerous
properties that are of interest for both anesthesia
and for pain therapy and intensive care medicine,
especially sympathicolysis, sedation, anxiolysis and
analgesia. Clonidine is delivered in combination
with opioid analgesics or local anesthetics.

Clonidine has an antinociceptive effect on the
spinal level. This can prolong the effect of local
anesthetics and enhance the effect of the opi-
oids. Clonidine, a WHO reference substance, is
the Alpha-2 adrenoreceptor agonist used most fre-
quently intraoperatively and the one that has been
best researched.

The theoretical basis for the epidural effect of
clonidine in combination with opioids and local
anesthetics is its interaction with Alpha-2 adreno-
receptors in the spinal cord. In the posterior horn
of the spinal cord, stimulation of Alpha-2 adreno-
receptors modulates the central transmission of
the nociceptive afferent nerves via A Delta and C
fibers.

Alpha-2 adrenoreceptor agonists reduce the re-
lease of substance P while simultaneously strength-
ening the K+ conductance, which increases the
membrane polarization.

When clonidine is applied epidurally, it causes
analgesia. The duration of analgesia depends on
the dose. The substance takes effect after approx.
20 minutes and, depending on dosage, lasts from
1 to 5 hours. Because of the short duration of ef-
fect of clonidine, continuous epidural delivery is
recommended.

Results with routine application of clonidine in
the context of epiduroscopically assisted epidural
analgesic therapy at our clinic are limited, since it
has been used only in isolated cases to date.
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Ketamine

Ketamine blocks the N-methyl D-aspartate
(NMDA) receptors in the central nervous system,
which are involved in the origin of central sensiti-
zation. In addition to blocking the NMDA recep-
tors, ketamine causes dissociative anesthesia.

The effects of epidural application of ketamine
are hotly debated. Studies with the NMDA antago-
nist ketamine in patients with postzoster neural-
gia and other neuropathic pain show substantial
reduction of pain. Various authors also described
successful outcomes when adding ketamine (pre-
servative-free) to bupivacaine for spinal analgesia
or caudal anesthesia.

The safety of epidural ketamine application was
questioned in an animal experiment that pointed
to potential neuronal damage. After repetitive in-
trathecal application of preservative-free S(+) ket-
amine, histopathological lesions can occur. For this
reason, the scientific working group on pediatric
anesthesia of the German Society for Anesthesi-
ology and Intensive Care Medicine (DGAI) rec-
ommends that in children, S(+) ketamine should
generally not be used as a supplement for caudal
anesthesia.

To date, our own experience with epidural
application of ketamine has been limited to very
specific isolated cases.

B Table 7.2. Catheter-assisted epidural analgesic therapy

7.4.4 Performing epidural analgesic
therapy (EAT)

The basic prerequisite for performing neuroplasty
or epidural analgesic therapy (EAT) involves pre-
cisely reaching the affected nerve root or other epi-
dural regions in order to deliver the drug (local an-
esthetic, corticoid, saline solution) directly in the
immediate proximity of the pathological process.
In contrast to the catheter techniques described in
the literature, the only way to carry out direct and
accurate dorsal and ventral epidural pharmaco-
logic therapy is with epiduroscopy management.

After targeted endoscopic placement of the
epidural catheter, while still in the operating room
or in the recovery room the patient receives an
epidural injection or infusion that is tailored to his
or her particular case via a perfusor, depending on
the endoscopic diagnosis.

In line with the endoscopic findings, we infuse
a 0.9% saline solution, corticosteroids (dexametha-
sone) or local anesthetics (bupivacaine) via the
epidural catheter at a dosage that is appropriate for
the situation.

The perfusor rate is adjusted according to the
placement of the catheter (cervical, thoracic, lum-
bar or sacral), the epiduroscopic diagnosis and
course of therapy.

Catheter position Drugs
Clinical application (Day 1 to Day 4)

Dexamethasone Bupivacaine 0.5% Saline 0.9%
Cervical 4mg 25mg=0.5mL 5mL
Thoracic 4mg 5mg=1mL 7.5mL
Lumbar 4mg 75mg=15mL 10 mL
Clinical application (after Day 4)

Dexamethasone Bupivacaine 0.5% Saline 0.9%
Cervical 2 25mg=0.5mL 5mL
Thoracic 2 5mg=1mL 7.5 mL
Lumbar 2 75mg=15mL 10 mL
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The drugs prescribed by us for continuous
epidural analgesic therapy, for instance, 4 mg dex-
amethasone and 5-10 mL saline solution, are ad-
ministered epidurally with a drug pump via the
endoscopically placed catheter twice a day within
60 minutes (B Table 7.2).

If pain symptoms are severe, the patient re-
ceives an additional 5 to 15 mg of bupivacaine epi-
durally, administered continuously or as a bolus.

We perform epidural analgesic therapy as a
»walking epiduralg, i.e., epidural analgesia with a
low dose of local anesthetic that allows the patient
to get up and walk around. These conditions al-
low the patient to participate in the accompanying
exercise and mobility regimens. This procedure
supports a multimodal therapy regimen for mobi-
lizing the pain patient.

7.4.5 Results

The above-described method of managing epidu-
ral analgesic therapy has been generalized. How-
ever, epidural analgesic therapy must be continu-
ously clinically monitored and adapted. Taking the
individual pathological and anatomical features
into account can substantially enhance success of
therapy in the individual patient.

The assessment of pain intensity is generally
done with a numeric rating scale (NRS) or similar
instrument. In studies of patients with chronic
back pain, Farrar and Hégg described a reduction
in pain intensity of 18/100 and 2/10, respectively,
as clinically important. In contrast, Bodian et al.
considered even minor changes in pain intensity
to be significant for areas such as postoperative
pain. According to Mesrian et al., a drop of 25/100
points on the visual analog scale is a clinically rel-
evant improvement in pain.

In 2005, the American Society of Interven-
tional Pain Physicians published evidence-based
treatment guidelines and parameters for spinal
endoscopy. They recommend that the procedures
be limited to a maximum of two a year, provided
that pain relief was over 50% for more than four
months.

The study also provided convincing evidence
for percutaneous epidural adhesiolysis. Spinal en-

doscopic adhesiolysis was assigned a Level II-rec-
ommendation for short-term relief and Level III
for long-term relief.

Current guidelines for managing radicular
back pain from a variety of disciplines point to the
therapeutic effectiveness of epidural application,
especially of corticosteroids.

In many cases, targeted epidural local an-
esthesiological therapy showed that the effect
of the anesthetic lasted up to three months. In
contrast, Dashfield et al. (2005) observed that
targeted placement of epidural steroids on the
inflamed nerve root did not significantly reduce
the pain intensity, anxiety and depression as com-
pared with untargeted caudal epidural steroid
injection.

Koes et al. studied the effectiveness of epidu-
ral steroid injection for back pain and sciatica.
They used four categories to assess 12 random-
ized clinical trials evaluating epidural steroid in-
jections. The data were assessed for quality of
the methods, using the following four categories:
study population, interventions, effect manage-
ment, and data presentation and analysis. The au-
thors concluded that of the four best studies, two
reported positive outcomes of epidural steroid
injection and two reported negative results. In to-
tal, six studies indicated that the epidural steroid
injection was more effective than the reference
treatment. The other six studies showed that the
injections were no better or worse than the refer-
ence treatment.

Geurts et al. (2002) reported that 19 of 20
patients examined through epiduroscopy showed
adhesions. In eight patients, six of whom had
never undergone surgery, the adhesions were not
detected with earlier magnetic resonance imaging.
Six patients showed concomitant signs of active
root inflammation. Of 20 patients treated with a
targeted epidural injection (120 mg methylpredni-
solone acetate, 600 IU hyaluronidase, 150 pg clo-
nidine), 11 patients (55%) experienced significant
pain relief at 3 months. This was maintained at 6,
9, and 12 months for 8 (40%) of the patients. Mean
VAS at 3 months was significantly reduced (n = 20;
DeltaVAS = 3.55; p < 0.0001), and this persisted at
12 months (DeltaVAS = 1.99, p = 0.0073). Accord-
ing to the authors, epiduroscopy is of particular
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value for the diagnosis of spinal root pathology. In
sciatica, adhesions not detected by MRI could be
identified. Targeted epidural medication results in
prolonged pain relief

In 2004, Manchikanti et al. published a study
on a one-day treatment of chronic back pain
with lumbar epidural adhesiolysis and neurolysis
with hypertonic saline solution. Seventy-two per-
cent of patients in group III (catheter placement,
adhesiolysis, local injection of local anesthetics,
hypertonic saline solution and steroids) and 60%
of patients in group II (catheter placement, ad-
hesiolysis, injection of local anesthetics, physi-
ological saline solution and steroids), compared
to 0% in group I (control catheter placement
without adhesiolysis, injection of local anesthetics,
physiological saline solution and steroids) showed
significant improvement after 12 months. Very
few patients in group III, who had been given an
injection with hypertonic saline solution, required
repeat treatment as compared to the patients in
group II.

Manchikanti concluded that percutaneous ad-
hesiolysis with or without hypertonic saline neu-
rolysis is a safe and effective treatment for chronic
refractory back pain.

Manchikanti (2005) et al. also reported on 83
spinal endoscopic adhesiolyses with local anesthet-
ics and steroids and concluded that a significant
number (80% of the cases after 3 months, 56%
after 6 months and 48% after 12 months) of his
patients had experienced long-lasting significant
pain reduction and improved function and psy-
chological status.

Sakai et al. (2005) reported on 9 patients who
had low back pain associated with spinal canal
stenosis. To treat epidural adhesions detected via
epiduroscopy, the patients received steroid and lo-
cal anesthetics during epiduroscopy. In addition to
pain relief, the function of the 9 patients improved
as well.

The current perception threshold (CPT) val-
ues also improved. The current perception thresh-
old is the only neurodiagnostic measurement that
allows assessment of hypesthesia and measures
nerve regeneration in all three subpopulations
of nerve fibers. The CPT values in the ipsilateral
legs 1 and 3 months after epiduroscopy were

significantly less than that before epiduroscopy
at 2000 Hz (p < 0.05), while CPT values at 250 or
5 Hz did not reveal any change throughout the
study period.

In 2003 we reported on 50 patients with
failed back surgery syndrome who underwent
epidural analgesic therapy under standardized
conditions at our pain clinic. Catheter place-
ment was carried out in endoscopically selected
epidural areas.

For epidural analgesic therapy, we applied 4 mg
dexamethasone, 0.9% saline solution and 2.5-15 mg
bupivacaine via an endoscopically placed catheter
twice a day using a perfusor over a period of five
days (BTable 7.2). For the patients undergoing
epiduroscopy, the epidural analgesic therapy was
integrated in a pain management algorithm as part
of a multidisciplinary concept. Immediately after
the epidural analgesic therapy, our patients expe-
rienced a clinically measurable lower pain score
(NRS), as well as a marked improvement in qual-
ity of life (Pain Disability Index). The continuing
positive therapeutic effect (pain score reduction
of 60%) was observed in 65% of the patients in
the 6-month observation period. For 24% of the
patients the pain score reduction of 45% lasted for
over one year. The pain score (NRS) of the 50 pa-
tients in the study could be lowered by an average
of 40% across the year.

In sum, the reports on targeted pharmacologic
epidural therapy indicate that the procedure is
effective. Controlled comparative clinical studies
on which recommendations on the frequency and
duration of epidural pharmacologic therapy can
be based, are rare. Based on the existing data, it
appears that this method offers clear clinically
relevant advantages over other procedures. Our
conviction and our clinical experience, as well as
patient data allow us to conclude that the only way
to enhance the efficacy of EAT is by using epidu-
roscopy.

7.5 Epidural laser adhesiolysis

The use of laser (LASER = light amplification by
stimulated emission of radiation) technology ex-
pands the options for epiduroscopic surgery. The
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bundled light has a number of medical applica-
tions, such as coagulation for bleeding, rechan-
neling stenoses caused by tumors and destroying
plaques in vessel walls.

A sufficient number of medical pilot stud-
ies, prospective studies and prospective random-
ized studies have been carried out on the use of
the 1064-nm Nd: YAG, 1320-nm Nd: YAG and
940-nm diode lasers.

Ruetten et al. (2002) reported on a study in
which 47 patients in whom epidural adhesions
had been detected by epiduroscopy were treated
with a Holmium:YAG laser. The follow-up stud-
ies showed no deterioration in the symptoms of
any of the patients. There was no occurrence of
laser-related edema or adhesions. According to the
authors, there are no negative effects associated
with laser application with a (2100-nm) Holmium:
YAG laser in the epidural space if the procedure is
performed properly.

In addition to the Holmium:YAG laser, a
980-nm diode laser’s physical properties in water
also make it suitable for use in the region of the
highly sensitive spinal structures. A diode laser is
a modular device. Its laser beam can be applied di-
rectly for medical purposes. The diode laser can be
used for all indications for which the Nd:YAG laser
is used, primarily for coagulation and vaporization
of tissue.

We have used a diode laser for epidural ad-
hesiolysis, scar resection and coagulation since
2003. The light conductor, 320 um bare fiber, is
introduced into the epidural space via the work-
ing channel of the epiduroscope under epiduro-
scopic vision. The wavelength of the diode laser
is 980 nm. The power can be adjusted from 1 to
25 watts. The penetration depth of the laser in
the tissue is dependent on the wavelength and
is primarily dependent on the water content of
the tissue in the infrared area. The diode laser
beam penetrates the tissue and is not significantly
absorbed by hemoglobin, melanin or water. The
penetration depth of the diode laser is several
millimeters.

The diode laser can be used only if there is
excellent visual control. Fine navigation of the
relatively rigid laser fiber is only possible via the
flexible tip of the endoscope. The laser should not
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be activated until visual control is ensured and
saline infusion has been started. With the help of
the laser target beam, ablation can be pinpointed
without bleeding.

In our experience, a laser power range of 5.0
to 8.0 watts is sufficient. Using a diode laser for
purposes such as coagulation, and stenosis therapy
is feasible.

Depending on the particular pathological and
anatomical circumstances, there are limited pos-
sibilities for endoscopically assisted resection of
epidural scar tissue. Endoscopic laser application
permits adhesiolysis in both the dorsal and ventral
part of the epidural space (B Fig. 7.4a-c).

B Fig.7.3a,b. a Laser fiber with target beam in the epidural
space. b Laser fiber with target beam on a blood vessel in the
epidural space
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O Fig. 7.4a-c. a Slide depicting laser adhesiolysis, scar resec-
tion with a diode laser. b Laser fiber in the epidural space.
c Laser fiber in the epidural space

It is important to note that we use the laser
only to treat painful epidural structures or to stop
bleeding in the endoscopic target area.

Adhesions near the nerve root should be
avoided. If paresthesia occurs, the procedure must
be stopped immediately. Painful adhesions in the

area of the nerve root that cannot be mobilized by
moving the tip of the epiduroscope back and forth
can be easily removed with the laser. Our experi-
ence with epiduroscopic laser therapy to date has
been good, and this coincides with the positive
results reported by Ruetten.

Complications arising during epidural laser
therapy may include accidental injury of spinal
structures, bleeding, restenosis caused by extensive
fibrin plaques, instruments and endoscopes catch-
ing on fire, combustion of gases or toxic fumes.
Major precautionary measures for preventing la-
ser complications include maintaining excellent
endoscopic vision and providing OR staff with
comprehensive information and training. National
accident prevention regulations and user guide-
lines must be observed.

7.6  Epiduroscopically assisted

electrode implantation

Reports in the current literature and our own experi-
ence clearly show that neuromodulatory procedures
are an adequate and effective treatment option for a
selected patient population if indicated and if strict
criteria for patient selection are observed.

Unfortunately, neuromodulation is not in-
cluded in the pain management algorithm until
after Level III of the World Health Organization
algorithm has been implemented without suc-
cess.

However, the invasive procedure should be in-
tegrated in the multidisciplinary and multimodal
pain management strategy early on as a key module
in order to counteract potential chronicity mecha-
nisms.

For the major invasive pain management
interventions, especially for neuromodulation,
strict diagnostic and selection criteria are in place
that allow the pain therapist to indicate a special
pain therapy more precisely than is the case for
pharmacologic therapy and other treatment op-
tions.

The neuromodulatory procedure epidural spi-
nal cord stimulation (SCS) is not a destructive
procedure, but rather reversibly influences the
neuronal transmission of afferent and efferent fi-
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bers of the central and peripheral nervous system.
Through the electrical stimulation of the GABAer-
gic interneurons, neurostimulation prevents a dis-
proportionately high increase in the sensory in-
formation. Neurostimulation is possible at various
levels of the nervous system. It is carried out in
the area of peripheral nerves, the spinal cord, the
thalamus, the trigeminal ganglion and the motor
cortex.

Epidural spinal cord stimulation is one of the
most frequently performed therapeutic interven-
tions. The guidelines of the Working Group on
Neuromodulation of the German Association for
the Study of Pain (DGSS) for the standardization
of invasive neuromodulatory procedures (AWMF
(Association of Scientific Medial Societies) guide-
line no. 041/002) stipulate the following indica-
tions for the implantation of a spinal cord stimula-
tion system for neuromodulation:

Neuropathic pain: radiculopathy, incomplete
plexus lesions, spinal cord lesions, phantom
pain, stump pain, zoster and postzoster neural-
gia, metabolic (poly)neuropathies, back-lower
extremity pain syndrome (postoperative-post-
traumatic)

Sympathetically maintained pain: CRPS I (Su-

deck’s disease), CRPS II (causalgia)

Ischemic pain: peripheral artery occlusive dis-

ease (Stage II b and III, Fontaine), refractory

angina pectoris (CCS class III-IV).

The success rates for spinal cord stimulation re-
ported in the literature vary. It should be kept in
mind, however, that candidates for the procedure
are difficult to treat with established, multimodal
pain management methods.

Boswell et al. (2005) reported that the evidence
for spinal cord stimulation for failed back surgery
syndrome and complex regional pain syndrome
was strong (Level II) for short-term relief and
moderate (Level III) for long-term relief.

In a still unpublished four-country study which
our clinic was represented, the cost-effectiveness
of spinal cord stimulation for failed back surgery
syndrome was assessed (Taylor R.S. et al.). The
results of the study show that in both the short
term and over the lifetime of the patient, spinal
cord stimulation is a cost-effective option when
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compared to conventional non-surgical medical
therapy alone in selected failed back surgery syn-
drome patients.

The current SCS electrode implantation tech-
nique generally begins with the use of special
(Tuohy) needles to locate the epidural space per-
cutaneously with the loss of resistance method.
With C-arm TV fluoroscopy, the SCS electrode is
advanced through a special Tuohy needle into the
epidural target area. Introducing the electrode epi-
udurally in the spinal canal allows the surgeon to
reach the area relevant for pain therapy. With con-
ventional surgical electrode implantation, moni-
toring is only possible with C-arm diagnostics. The
use of this »blind« technique can lead to a number
of serious problems that complicate SCS electrode
implantation or even render it impossible.

In patients in whom spinal structures and/or
injuries cannot be easily located or in the case of
pronounced epidural fibrosis, stenosis or scarring,
implanting the SCS electrode can prove to be dif-
ficult and risky or may even fail.

In the literature, the danger of damaging spinal
structures with the puncture needle or electrode is
mentioned. Puncture injuries, accidental dural in-
juries, CSF cysts and fistulas, meningitis, epidural
venous punctures, epidural bleeding, hematoma,
spinal cord injury, nerve root injuries and other
spinal cord lesions have been reported.

In 1997 we reported on patients who under-
went epiduroscopally assisted SCS electrode im-
plantation for neuromodulation for the first time
to treat their failed back surgery syndrome.

After our extensive clinical experience with
the neuromodulatory procedure, we can report
that the indications for epiduroscopically assisted
SCS electrode implantation are first and foremost:
difficult pathological spinal circumstances, severe
pathological lesions in the epidural region (pro-
nounced epidural adhesions, fibrosis or severe
scarring) as well as ensuring accurate placement of
the electrode(s) in the epidural space.

Epiduroscopically assisted electrode implanta-
tion lowers the risk of injury to the spinal dura
mater, epidural bleeding, spinal trauma and intra-
operative pain.

In addition, unnecessary stimulation tests
for displaced electrodes can be avoided and po-
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tential high-risk situations recognized early on
(BFig.7.5a-e). This is essential for this very special
patient population.

Increased scarring or fibrous growths that en-
velop the tip of an SCS electrode can cause the
stimulation to become ineffective over time.

B Fig.7.5a-e. a Tip of an SCS electrode in the epidural space.
b-d Implanted SCS electrode. e Implanted SCS electrode in
the epidural space

Epiduroscopy also allows this extraneous fi-
brous tissue or scarring near the implanted SCS
electrode tip to be removed through microsurgery,
in order to restore the efficacy of neuromodulation
after long-term use without having to replace the
electrode (B Fig.7.6a,b).
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B Fig.7.6a,b. Implanted SCS electrode in the epidural space
after 2 years in patient S.G,, whose SCS stimulation was no
longer effective due to epidural fibrosis near the tip of the

In our experience with epiduroscopically as-
sisted SCS electrode implantation and adhesiolysis
of the electrode tip, we have the impression that
using endoscopy substantially lowers the risks as-
sociated with SCS pain management.

The advantages of epiduroscopically assisted
SCS electrode implantation and adhesiolysis can
be summarized as follows:

Safe epidural approach

Exact placement of the electrode(s)

Avoidance of pathological and anatomical ob-

stacles

Use of microsurgical adhesiolysis to eliminate

the need to replace the electrode(s)

Reduction of X-ray exposure.

The outcome of neuromodulatory therapy is sig-
nificantly impacted by the quality of the diagnos-
tics, strict patient selection criteria, a positive SCS
result and as usual, the skill and experience of the
surgeon carrying out pain management at the pain
clinic.

7.7  Epiduroscopic (pulsed) radio

frequency therapy

Radio frequency therapy (RFT) is a further inva-
sive option for relieving chronic back pain. The
original method of radio frequency thermolesion
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SCS electrode. Microsurgery with epiduroscopic assistance was
used to lyse scar tissue that had surrounded the implanted SCS
electrode, which improved the results of neuromodulation

heated up the surrounding tissue to high tempera-
tures during the application of electrical current.
While this brought about pain relief, it sometimes
also resulted in permanent damage to the indi-
vidual pain fibers.

To prevent additional inadvertent damage in
the patient, in the late 1990s pulsed RFT was de-
veloped, which does not cause the tissue to heat
up.

With pulsed radio frequency therapy, an elec-
trical field acts upon the affected nerve with very
short impulses and consequently causes perma-
nent interruption of pain transmission.

The indications for pulsed frequency stimu-
lation with a multifunction electrode include all
kinds of spinal pain, regardless of cause, includ-
ing radicular pain and neuropathic pain syn-
dromes.

The recommended standard approach for
pulsed RFT for lumbar and sacral pain, as well
as pelvic and lower extremity pain, is paramedian
access to the L3-L4 interspace from the contral-
ateral side. Special (Tuohy) needles are used for
epidural puncture. These needles are also used
for introducing SCS electrodes. For dorsolateral
epidural electrode placement, we recommend a
flexible multifunction electrode (OMT, Rottweil-
Neufra, Germany). With this electrode, nerve
stimulation can be carried out at the desired
frequency.
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B Fig. 7.7. Epiduroscope (R. Wolf, Germany) with multifunctio-
nal catheter in the working channel

In order to accurately target the right electrical
field, we have placed the multifunction electrode
precisely in the epidural space under endoscopic
conditions.

The electrode was advanced to the epidural
target point via the working channel of an R. Wolf
epiduroscope (Germany) with an outside diameter
of 3.5 mm (BFig.7.7). For epidural pulsed radio
frequency therapy, a short active 500,000-Hz elec-
trical pulse of just 20 msec is applied under endo-
scopic vision, followed by a 480-msec pause. The
maximum temperature allowed by the computer-
controlled therapy device (Stryker Neuro-N 50,
0.1-0.7 watts) is 42 °C. Each nerve root is stimu-
lated for approx. four minutes. Because the conduc-
tivity of electricity in the epidural fat body is 0.04
Q/m-L compared to 1.4 QO/m-L of the CSF, experts
recommend injecting small amounts of isotonic sa-
line solution epidurally, which is no problem with
EDS. Sensory stimulation of the dorsal roots was
carried out at 80 Hz under endoscopic vision and
the position of the electrode tip was varied so that
the patients could feel the stimulation at the lowest
voltage. Voltages of under approx. 0.8 V could be
registered by the patients.

Raffaeli und Righetti reported on 14 patients
who underwent epiduroscopic fibrolysis using a
radio-frequency device named »R-ResAblator Epi-
duroscopy.« RFT reduced pain by 90% in 8 pa-

tients, by 60% to 70% in 5, and by less than 30%
in 1. The authors concluded that RF epiduroscopy
offers greater therapeutic benefit than traditional
epiduroscopy or other surgical techniques.

Our first results with 25 patients who under-
went epiduroscopically assisted pulsed radio fre-
quency generally coincide with the initial results
reported by other users.

In my personal communication with various
radio frequency centers, significant pain reduc-
tion has been achieved in up to 65% of patients.
The first results of studies involving a small num-
ber of patients who have undergone pulsed ra-
dio frequency therapy for pain management are
promising; however, they are not statistically reli-
able.

7.8  Neurolysis

The indication for epidural destructive neurolysis,
particularly for spinal pain syndromes, is largely
dependent on whether the pain is considered to be
primarily organic or not.

For tumor-related pain, which used to be a
classic application for neurodestructive procedures,
the indications have dropped dramatically due to
advances in oncological treatment and modern
oral opioid therapy, as well as options for revers-
ible neuromodulation. Considering the complexity
of the peripheral and central nociceptive system
and its plasticity, the use of many neurodestructive
procedures is often questionable.

Indicating neurolysis, especially in the case of
spinal pain syndromes, should be done prudently
due to potential severe acute complications such as
bladder and rectal disorders, paraparesis and late
complications such as neuropathic pain. Neurode-
structive procedures may only be performed by
very experienced therapists.

Intrathecal neurolysis is possible for segmental
thoracic pain between T3 and T12 and for perianal
and peroneal pain.

Endoscopic application of neurolytics for the
management of terminal pain is a recognized in-
dication for neurolysis. Delivery of a neurolytic in
the epidural space is rarely performed, however.
A special form of the procedure involves epidural
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neurolysis via the sacral approach and subdural
neurolysis.

For subdural neurolysis, 0.5 to 2.5 mL of phe-
nol-glycerol are administered between the spinal
dura mater and the arachnoid mater in order to
treat both tumor-related and non-tumor-related
pain. After a positive test block with a local an-
esthetic, up to 1.2 mL 7.5% phenol solution is
injected epidurally for definitive epidural neuroly-
sis. This method is very effective for pain such as
perianal tumor pain. The neurolysis, which can be
repeated, generally lasts only approx. 2-3 weeks.

Our own experience with epiduroscopically as-
sisted epidural application of neurolytics has been
limited to very special isolated cases in the context
of palliative medicine in the past.
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In addition to complications related to the proce-
dure itself, complications may also include those
arising from the drugs used in pharmacologic
therapy or from other drugs the patient receives
for other indications or associated diseases.

As with regional anesthesia procedures, com-
plications associated with EDS may be divided into
acute, medium-term and late complications.

Acute complications include toxic reactions or
hypersensitivity to the delivered drugs.

Medium-term complications include motor
paralysis and urinary retention. With regional an-
esthesia, late complications such as nerve damage
are among the most feared complications. Poten-
tial nerve damage following epidural analgesia in-
cludes anterior spinal artery syndrome, adhesive
arachnoiditis and space-occupying masses (hema-
toma or abscess).

Complications that may arise during epidu-
ral anesthesia procedures are generally caused by
puncture trauma, accidental dural injury, puncture
of an epidural blood vessel or epidural bleeding.
The symptoms associated with these complications
may include headache, general back complaints,
vomiting, meningitis, radicular radiating pain,
bladder and rectal disorders and even confusion.

Epidural injuries may be caused by the epidu-
roscope itself or by microsurgical instruments or
a catheter, for instance, when optimal endoscopic
vision is not ensured during surgical procedures.
In order to achieve the epidural target position, the
epiduroscope may not be advanced blindly or with
brute force. Permanent optimal endoscopic vision
prevents avoidable complications!

Epidural pressure increase

A potential complication of EDS is increased pres-
sure in the epidural space due to the epidural
infusion.

With the exception of two instances of macular
bleeding, no permanent injuries or complications
arising from epiduroscopic procedures have been
reported in the international literature.

In 2000 the journal Archives of Ophthalmology
published a report on an acute incident of bilateral
blindness associated with preretinal, retinal and
subretinal hemorrhages following epiduroscopy.

The hemorrhages were attributed to an excessive
infusion volume or pressurized epidural irriga-
tion with saline solution. In order to obtain high-
quality images from the epidural space, Raffaeli et
al. reported volumes of saline solution of between
300 and 1200 mL!

Gill and Heavner reported that retinal hemor-
rhage following epidural injection during epiduro-
scopy was apparently related to cerebrospinal fluid
pressure. A sudden increase in epidural pressure
is transmitted to the optic nerve via the subarach-
noidal space. This causes compression of the optic
nerve and compression of the vessels that leads to a
rupture and in turn to retinal hemorrhage.

In our experience, if saline irrigation fluid is
infused too quickly, this can cause pain, especially
in stenosed epidural areas and in the thoracic and
cervical areas of the spinal canal under examina-
tion. The acute pain situation can be stopped by
reducing or terminating the saline infusion.

At our pain clinic, we have used 0.9% saline
infusion at body temperature at a limited pressure
and volume. However, the examiner must have the
speed and volume of the infusion under control at
all times during EDS. During epiduroscopy per-
formed at our clinic, we use an average of 85 mL
of sterile physiological saline solution per exami-
nation. This amount is well below the maximum
infusion volume of 200 mL per epiduroscopic ex-
amination recommended by the international con-
sensus in Graz 2006 (WISE).

In our experience, the effects of using 0.9%
saline infusion at body temperature adapted to the
situation and controlled during the procedure on
the pressure in the spine during epiduroscopy ap-
pear to be risk-free.

Dural injuries

During regional anesthesia, headache may occur
as a result of perforation of the spinal dura mater
during spinal anesthesia or from accidental per-
foration of the dura when attempting to carry out
epidural anesthesia. The dural perforation itself is
not necessarily a complication. It does not become
a complication unless the accidental dural perfora-
tion is not recognized and is not responded to, for
instance, by applying local anesthetics (B Fig.8.1).
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Post dural puncture headache (PDPH) is at-
tributed to a rapid loss of cerebrospinal fluid,
as well as the size of the dural leak. Pulling on
pain-sensitive structures of the spinal dura mater
is also considered to be responsible for post dural
puncture headache, as is the possibility that the
pressure gradient between the lumbar and intrac-
erebral space causes reflectory vasodilatation and
an increase in the intracerebral blood flow with a
rise in intracranial pressure

It is astounding that in the case of accidental
epiduroscopic dural perforations we have not ob-
served adverse reactions such as PDPH, which are
reported relatively frequently during spinal anes-
thesia, even with fine needles (29 G).

In 25 cases in which elective myeloscopy was
performed at our clinic, PDPH occurred in two
patients. Conventional treatment methods pro-
vided quick relief despite the relatively large dural
perforation > 2.5 mm).

In my experience, depending on the particular
case, an epiduroscopic procedure does not neces-
sarily have to be terminated if there is a dural
injury.

If the operator is able to skillfully change the
position of the epiduroscope back into the epidural
space, in our experience the epiduroscopic ex-
amination or surgical procedure can be continued
without any risk to the patient. This may require
high-level professional navigating skills.

We have also observed spontaneous closure of
the perforated site under endoscopic vision.

However, if intense, persistent postspinal head-
ache (PDPH) develops, we recommend applying
an epidural blood patch under endoscopic vision
in order to seal the dural puncture.

Epidural blood patches are a reliable way to
treat dural perforation. Grau et al. reported on
the visualization of dural perforations and blood
patches with ultrasonography, which was used
for the preparation or for monitoring of epidural
punctures. In the clinical study, epidural blood
patches were applied in four pregnant women who
experienced PDPH after peridural anesthesia for
childbirth. The authors reported that in three out
of four cases during the preliminary examina-
tion, a continuity loss could be visualized in the
dura mater at the leave of the previous puncture
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that was identical to the diameter of the Tuohy
needle. In one patient, the defect in the membrane
was considerably larger than in the preliminary
investigations (2-3 mm). The ultrasonography of
the epidural space was performed in the parame-
dian view. The blood patches were applied with
the conventional loss of resistance technique and
online ultrasound support. Approx. 20 mL of ve-
nous blood was withdrawn from the patients and
an average of 17 mL injected in the epidural space.
According to Grau et al., within 10 to 40 seconds
after the injection a rearrangement of the dural
fibers could be observed and the discontinuity of
the dura doppel layer signal was no longer prov-
able. Within a short time after the blood patch was
applied, they could detect an increase in cerebro-
spinal fluid and the patients’ headache was treated
successfully.

Suggestions for treatment include bedrest, the
administration of caffeine or 3x 250 mg oral theo-
phylline, as well as epidural saline infusions and
dextran. However, infusing fluid does not guaran-
tee positive results.

In order to treat dural perforation during epi-
duroscopy we applied a blood patch in three of
our patients (B Fig. 8.1). Via the working channel
of the epiduroscopic a catheter was placed in a
targeted fashion at each puncture site under en-
doscopic vision. 10 mL of the patient’s blood was
carefully injected under endoscopic control via
a catheter that had been placed at the transition
area between the epidural and intrathecal space.
The endoscope was left in place while coagulation
took place. In this small number of cases at our
clinic, the procedure could be completed suc-
cessfully after the dural perforation was sealed
through coagulation. In each case a full recovery
could be achieved.

Epidural bleeding

Epidural bleeding and epidural hematoma during
or after epiduroscopy constitute extremely rare and
extremely dangerous complications. This space-
occupying bleeding may lead to direct myelonic
compression and reduction of blood flow in the
spinal cord and in the further course can lead to
irreversible damage at the level of the spinal cord.
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B Fig. 8.1a-f. a Accidental myelogram. b Dural injury. c Dural perforation with a view of the intrathecal space. d Catheter in the
area of the perforation. e Blood patch sealing the spinal dura mater. f View of the patient’s intrathecal space
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B Fig. 8.1g-i. g Sealing the puncture with a blood patch. h Epi-
dural bleeding coagulation. i Bleeding stopped by laser
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In our patient population, epidural bleeding
occurred in very few cases and was minimal. The
bleeding stopped spontaneously with the endo-
scope in place. Minor venous and arterial bleeding
occurred during tissue biopsy, as well as during the
removal of painful fibrotic material or implanta-
tion of epidural catheters. However, with laser
coagulation, they could be treated quickly without
complications (B Fig.8.1).

Other complications

Mizuno et al. (2007) reported on encephalopathy
and rhabdomyolysis due to iotrolan during epidu-
roscopy. Naseri et al. described Terson’s syndrome
caused by epidural saline irrigation.

In the more than 1600 epiduroscopies carried
out at our clinic we did not observe a single case of
sudden headache following epiduroscopy similar
to that reported by the Korean group Oh et al.

The epiduroscopies performed at our clinic
have either been completely painless or involved
only minimal pain. No clinically relevant compli-
cations occurred during epiduroscopy. However,
with every medical procedure in the spinal re-
gion, there is always a potential risk of inadvertent
injury, even when it is performed properly and
conscientiously. For this reason, it is imperative to
keep these adverse events to a minimum.

In order to prevent adverse events and com-
plications when performing epiduroscopy, safety
standards need to be defined that must be adhered
to by the individual pain clinics.

Using proper epiduroscopic equipment and
ensuring optimal vision, as well as acquiring suf-
ficient experience in using the epiduroscopic
technique can prevent complications to a great
extent.
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The European pain association EFIC reports that
one in five Europeans suffers from chronic back-
ache or headache, at an annual cost of € 34 billion
to the economy. Some 500 million working days
per year are lost due to chronic pain. According
to EFIC, 75 million Europeans suffer from perma-
nent pain. The study by Breivik et al. reports that
nearly half of those affected are under 50.

According to epidemiological estimates by
Pfingsten and Hildebrandt, approx. 85% of the
population in the western industrialized countries
will suffer from back pain at least once in their
lifetime. The point prevalence is up to 40%. In
some 10% of the cases, the pain is chronic and 5%
are problem cases. Luehmann et al. reported that
in some 5% of all patients with acute back pain,
herniated disc was assumed to be the reason for
the symptoms. In the course of conventional open
disc operations, failed back surgery syndrome was
observed in up to 30% of the patients after the
initial procedures. In the case of microsurgery for
herniated disc, considered to be the gold standard
today, this share is only 12%.

The recent reluctance to indicate surgery is
primarily due to the observation that the proce-
dure does not lead to the desired result in all pa-
tients. Failed back surgery syndrome, in which the
symptoms persist or are even exacerbated after the
operation constitutes a worst case scenario. One of
the major problems involves the high tendency for
relapse with potential chronicity of the symptoms.
The result is that 10% of the cases generate 80%
of the costs and 5% of the cases 60% of the costs.
The economic impact of back pain in the western
industrialized nations is huge. Statistics for Ger-
many compiled by Schwartz et al. indicated that
sick days due to back pain generate far greater ex-
penses than the treatment itself. In Germany, back
pain is the second most frequent cause of sick days
(75 million lost working days among 3.7 million
cases of employment disability). The treatment
costs in Germany amount to € 25 billion each year.
Secondary measures, such as rehabilitation and
sick days cost the economy another € 15 billion
annually.

So far, diagnosing and treating spinal pain
syndromes have been considered to be expensive.
Epiduroscopy is less cost-intensive and invasive

than conventional surgical treatment, although it
is still considered to be a costly form of treatment
by healthcare providers and health insurance pro-
viders.

As early as 2000, Manchikanti et al., already
showed the effectiveness of this new spinal endo-
scopic examination and treatment. Based on their
clinical experience with 112 epidural endoscopies,
they reported that epiduroscopy with adhesiolysis
was a relatively safe and cost-effective technique
for managing chronic back pain. The special ad-
vantage of epiduroscopy is the fact that it is both
an excellent diagnostic method and at the same
time, allows effective pain treatment to be carried
out.

From the point of view of expenses, it is im-
portant to mention that the costs arising from the
method should be weighed against the benefits to
the patient, e.g. with regard to lowering the pain
score and improving quality of life and reintegrat-
ing the patient into the work process.

In their retrospective study, Manchikanti et al.
examined 85 patients who underwent 112 epidu-
roscopies between 1997 and 1998 as part of a pain
management program. All the patients initially ex-
perienced significant pain relief, which decreased
over a 12-month period. At 1 to 2 months, pain
relief decreased to 94%, at 2 to 3 months to 77%,
at 3 to 6 months to 52%, at 6 to 12 months to 21%
and after the 12 months to 7%.

The costs per endoscopically assisted pain treat-
ment procedure amounted to US$ 2,961 and the
significant pain relief for one week cost US$ 156.
Manchikanti et al. extrapolated these costs to one
year in which improvement in quality of life was
achieved and came up with a figure of US$ 8,217.
However, the cost effectiveness presented in the
study did not include the patient’s return to work
or other benefits. Nor did Manchikanti et al’s study
take costs for drugs or other treatment methods
into account in the analysis.

On the other hand, their study showed that on
average, pain management assisted by spinal en-
doscopy could improve quality of life for one year
and that costs amounted to US$ 8,127. The costs
for in-patient treatment can amount to US$ 17,000
to US$ 25,000, and out-patient treatment programs
can cost between US$ 7,000 and US$ 10,000.
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Boswell et al. studied the cost effectiveness of
spinal endoscopy and adhesiolysis in two separate
groups of patients. The overall costs for spinal
endoscopy for intractable cases with conserva-
tive treatment, including percutaneous lysis with
a spring-guided catheter, amounted to US$ 7,020
to US$ 8,127. Other studies show that an uncom-
plicated discectomy can lead to relief for a period
of five months and costs US$ 12,000 and life-time
pain relief costs US$ 29,200. In contrast, coronary
artery bypass grafting for angina costs an average
of US$ 73,000 per year, pharmacologic treatment
for hypertension costs an average of US$ 38,000
and primary therapy to manage depression costs an
average of between US$ 11,766 and US$ 24,403.

Manchikanti et al. proved the cost-effective-
ness of adhesiolysis as an epiduroscopically as-
sisted treatment option, especially in patients in
whom other therapeutic procedures had failed.
Weaknesses of the study include its retrospective
approach, the absence of a second reviewer and
the absence of parameters such as return to work,
which is a major criterion for judging success. The
analysis of the cost effectiveness presented in Man-
chikanti et al’s study is considered to be up to date
by other authors, because current cost factors for
the patients were taken into account.

Another important result of the study is that
epiduroscopy with adhesiolysis and targeted corti-
costeroid pharmacologic therapy is a relatively safe
and cost-effective treatment measure for relieving
chronic pain if it cannot be treated with other
methods.

Our own results. In Germany the diagnosis-re-
lated group (DRG) system was expanded to a case
group system in 2003. Since then it has been used
to reimburse the individual hospital cases.

In the DRG system, patients are classified into
case groups on the basis of their diagnoses and
the treatment and are classified and evaluated ac-
cording to the economic efforts required for treat-
ment. The results are used to reimburse in-patient
services.

The DRGs are used in various countries to
finance hospital treatment. The sum of all vari-
ous types of patients treated during a given period
constitutes the case mix, and the average cost
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weight per treatment case constitutes the case-mix
index. In 2003 and 2004, each hospital was as-
signed an individual base rate. A hospital budget is
calculated on the basis of the case-mix index, the
base rate and the number of cases.

Taking the example of multimodal pain ther-
apy, including epiduroscopy according to ICPM
1-698.1 and the primary diagnoses (ICD-10
M54.5, M48.06, M51.2, M50.1, M96.1), the costs
for an average hospital stay of 11 days amount to
an average of € 3,714 (US$ 4,976.76, exchange rate
of US$ 1.34 to € 1) (DRG 153 Z, base rate: € 1,412,
DRG 2007). The economic efficiency of an inva-
sive pain management intervention including epi-
duroscopic diagnostics of spinal pain syndromes
can only be assessed on the basis of a comprehen-
sive, individual economic cost-benefit analysis that
takes the hospital's own profile into account in
addition to the expenses for operations, person-
nel, infrastructure and administration. According
to our results, the major economic advantages of
endoscopic diagnosis and treatment of spinal pain
syndromes are constituted by the positive post-
interventional results on a patient-by-patient basis.
The major disadvantages involve the higher costs
for surgery.

Currently, the DRG system allows for a reim-
bursement for material of 14% to 17%, which does
not cover the actual costs of epiduroscopy. In the
future, reimbursement in the DRG system should
be broken down to reflect these costs.
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In recent years, considerable progress has been
made in the area of endoscopic diagnosis and
treatment of spinal pain syndromes. To pub-
licize and encourage the use of spinal endos-
copy, the World Initiative on Spinal Endoscopy
(WISE), an international training institution for
epiduroscopic diagnostics and therapy of spi-
nal pain syndromes, was established in Iserlohn,
Germany.

The initiative’s objective is to teach interested
physicians the skills required for epiduroscopy
and allow them to practice and hone them. The
courses and workshops offered by WISE have been
specially developed for physicians already work-
ing in pain management with a focus on back
pain who wish to learn about state-of-the-art tech-
niques and procedures in this area. Our pain clinic
offers a learning program and exclusive workshops
for this purpose with a focus on hands-on learning
of EDS.

Case studies are presented live in the OR or
on video and are individually discussed in small
groups and procedures are practiced (B Fig. 10.1a).
Our experience with a number of workshops pre-
sented in Dortmund, Cologne and Iserlohn, Ger-
many, and Innsbruck, Graz and Vienna, Austria,
has shown that procedures such as puncture of the
sacral hiatus under radiological control is both an
indispensable and ideal introduction to epiduro-
scopically assisted spinal diagnostics. Due to the
extraordinarily wide range of variations in the
anatomy of the sacral canal, each workshop for
learning and practicing the sacral approach tech-
nique in the epidural space is suitable as an intro-
duction to epiduroscopy (8 Fig. 10.1b-d).

The ability and skills required to perform the
procedure also serve as a foundation, because they
facilitate endoscopic work in the spinal canal and
enhance the way the user understands the di-
agnosis and his or her picture of the anatomical
structures.

After a practice phase in which learners are
intimately acquainted with the anatomical ar-
chitecture and learn to make diagnoses, they are
ready to learn to perform the endoscopically con-
trolled intervention. Simultaneous assessment of
findings via epiduroscopy combined with radio-
logically controlled navigation is practiced. The

use of epiduroscopy to examine and treat the
thoracic section of the spine, and especially the
cervical section, must be taught and practiced
separately.

In addition to making diagnoses via epidu-
roscopy, the courses focus on practicing correct
handling of the epiduroscopic equipment.

We recommend that once learners have had an
in-depth introduction to the endoscopic technique
and its special features, they practice the vari-
ous epiduroscopically assisted applications several
times under supervision.

The manual skills acquired through regular
practice facilitate learning of the techniques that
are the focus of the next part of the course, in-
cluding correct diagnosis, epiduroscopically con-
trolled epidural adhesiolysis, accurate use of the
laser with epiduroscopic assistance, correct cath-
eter placement, biopsies and targeted drug deliv-
ery. In addition to the theoretical foundations,
which are essential for performing epiduroscopy
and which can be learned fairly easily, hands-on
learning and practicing of epiduroscopy should
be taught in a very structured and graduated
manner.

In cooperation with WISE, we established the
online project Theoretical Basis Course on Spi-
nal Endoscopy, which comprises 14 lectures. The
goal of this training course is to teach students
the indications, contraindications, adverse effects
and complications of treatment with EDS. The
participants learn about the basic concept of epi-
duroscopy, and this enables them to identify the
anatomical structures of the spinal canal.

Once the participants have passed the first
level »proficiency test on epiduroscopy« and pass
a test on theory, they receive a certificate entitling
them to take part in a practical cadaver course. If
they meet the requirements posed by the super-
vising experts, they then receive the second level
»proficiency certificate.«

In our experience, teaching is most effective
if learners are in groups of no more than three or
four participants and practical training at the pain
clinic and operating room is individually tailored
to the group. We consider this clinical component
of advanced training to be an indispensable part of
EDS training.
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B Fig. 10.1. a Live demonstration of epiduroscopy in the operating room. b Puncture of the dummy’s sacral canal. ¢ Epiduro-
scope in the spatium epidurale of a dummy with the C-arm technique. d Epiduroscopy in the cadaver workshop

In sum, a structured approach to acquiring EDS
skills must include the following components:

Teaching the theory of diagnosing and treating

spinal pain syndromes

Correct imaging and presentation of applica-

tions and diagnostic options provided by the

epiduroscopic examination

Epiduroscopic visualization of anatomical and

pathological structures

Coordinating and navigating epiduroscopic

equipment

Epiduroscopically controlled intervention (e.g.

catheter implantation, adhesiolysis, biopsy)

In addition to learning epiduroscopic manage-

ment, practicing correct use of the epiduroscopic

equipment should be the main focus of training.
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The following recommendations are based on our
years of clinical experience with epiduroscopy:

is negative, a guidewire should be introduced
into the sacral hiatus via the puncture needle

To guarantee an efficient epiduroscopic proce-
dure and ensure patient safety, the pain therapist
performing the invasive intervention must be
experienced in using the examination technique
and have a well-founded theoretical background
and a certain amount of manual dexterity.

The procedure requires an epiduroscope or
epiduroscopic equipment that meets the re-
quirements for epiduroscopy.

In addition to precise pain diagnostics and
professional technical management, the suc-
cess of an epiduroscopically assisted invasive
pain management intervention depends on the
selection of suitable patients.

Basic prerequisites for performing the invasive
epiduroscopic procedure are a thorough clini-
cal and functional examination and imaging
diagnostics.

For quality assurance purposes, the basic in-
formation included in the informed consent
discussion with the patient regarding epidu-
ral diagnostics and pain management must be
documented.

Regardless of the hospital structure, epiduros-
copy should be performed only on cooperative
patients with adequate continuous monitoring
of vital signs (anesthesiological stand-by) in a
suitable operating room.

The anatomical architecture of the vertebral
canal and the vulnerability of the spinal struc-
tures, especially in the cervical and thoracic
segments, require epiduroscopy to be per-
formed in a precise, standardized manner.

We recommend that prior to each epiduros-
copy, epidurography be performed with con-
trast media either via the needle introduced
with a sacral approach or via the introducer.
The use of a flexible, steerable epiduroscope re-
quires a sacral approach to the epidural space.
The sacral approach technique calls for the
patient to be placed in a prone position on the
operating table.

Epiduroscopy should be performed under local
anesthesia or analgosedation.

Once the sacral hiatus has been punctured,
an aspiration test should be performed. If it

over a short distance using the Seldinger tech-
nique.

Using a C-arm can be helpful for identifying
the guidewire and locating the position and
level of the epiduroscope in the vertebral ca-
nal.

The dilatator and sheath are advanced a short
distance in the sacral canal via the introduced
guidewire.

Continuous epidural irrigation with physi-
ological saline solution at body temperature
adapted as needed is absolutely mandatory for
epiduroscopy. The aspects pressure-infusion
volume limits, and if necessary, epidural pres-
sure monitoring and drainage of the epidural
irrigation fluid, must be taken into account.
The epiduroscope may only be navigated if
good vision (saline irrigation) is ensured. In-
terventions should be carried out only if endo-
scopic vision is good.

For safety reasons, a laser should be on hand if
coagulation is needed to stop bleeding.

Prior to the procedure, instruments to be in-
troduced into the working channel of the en-
doscope must be checked to ensure they are in
good operating condition.

The epiduroscopy must be recorded in a pro-
tocol. Endoscopic imaging should be docu-
mented on a video film, a memory stick, a
CD-ROM or DVD.

With suitable epiduroscopic equipment, ensur-
ing optimal vision and by gaining experience
with the epiduroscopic technique, complica-
tions can be kept to a minimum.
Epiduroscopy is superior to imaging proce-
dures, failed conservative treatment and open
surgical techniques, especially with regard to
the high rate of patient satisfaction and the
remarkably low number of complications.



The Future of Epiduroscopy

12



134 Chapter 12 - The Future of Epiduroscopy

Since the invention of the first real endoscope by
physician Adolf Kussmaul (1822-1902), now, at
the beginning of the third millennium, endoscopy
has become an integral part of modern medical
diagnostics and treatment. Today, the spectrum
of minimally invasive surgery includes frequently
performed procedures such as inguinal and femo-
ral hernia repair, endoscopically assisted joint sur-
gery, laparoscopic appendectomy, laparoscopic gall
bladder and colon surgery, staging laparoscopy, di-
agnostic laparoscopy, laparoscopic reflux surgery,
minimally invasive surgery for benign diseases of
the liver and transanal endoscopic microsurgery
of the rectum.

These minimally invasive surgical techniques
are also widely used in a number of other medical
specialities, including gastroenterology, gynecol-
ogy, orthopedics, neurosurgery, ophthalmology,
ear, nose and throat medicine, urology, cardiology,
oncology and vascular surgery.

The continuous refinement of special surgi-
cal techniques has made a major contribution to
advances in pain medicine, especially for spinal
endoscopy (epiduroscopy).

The development of epiduroscopy is connected
to the international technological state of the art.
In recent years, it has had an increasing influence
on clinical and practical research and development
work. This development is also reflected in the
increasing significance of invasive intervention in
pain medicine.

In order to enhance treatment and cut costs
in the health care sector, in the future, endoscopi-
cally assisted invasive pain medicine interventions
should take the following aspects into account:

Interventional procedures should be developed

that have the greatest possible therapeutic ef-

fect while causing the least possible traumatic
impact on the patient.

The pain therapist should be supported in

planning and carrying out interventions with

regard to safety, precision and quality.

Workflows for patient care, intervention plan-

ning and performing interventional diagnos-

tics and therapy should be streamlined.

Effective and efficient follow-up and rehabilita-

tion for pain patients should be organized and

achieved.

Other future developments in the area of epidural
endoscopy include the realization of new treat-
ment options in which the advantages of diag-
nostic procedures (epiduroscopy, epidurography,
ultrasonography) are used for pain management
by sensibly combining instruments from the field
of microsystems technology.

Considering the ongoing miniaturization of
surgical instruments and the integration of dif-
ferent technologies in systems to comprise new
functional modules with surgical components, the
field of microsystems technology is a key factor in
long-term development trends for EDS.

The constant improvement in visualization
through the highest possible picture resolution of
1920 x 1080 pixels and the 16:9 aspect and high
definition television (HDTV) platform mean that
in the future working at the monitor for hours at a
time will be practically effortless.

The advantages of HDTV, which in turn en-
tails progress in visualization, involve the five-
fold greater input resolution of the camera, which
achieves greater detail and depth of field. The 16:9
format enlarges the viewing field and enhances
ergonomic viewing. In the future, optimizing the
color brilliance will also facilitate assessment of the
epiduroscopic findings.

Future aspects of invasive pain management
interventions will include robotic surgery and
telemedicine. The constant refinement of surgical
techniques has also had a considerable impact on
advances in modern invasive treatment interven-
tions in pain medicine, especially for epiduros-
copy. For instance, telemedical units, endoscopic
equipment and documentation facilities can be
combined into a mobile system.

The major telemedical capabilities required
for everyday clinical application of EDS are im-
age transmission, videoconferencing and tele-
phone capabilities. With plug and play technol-
ogy, they can be used as needed throughout the
clinic.

Further progress in the area of epiduroscopy
was marked by the first in-depth introduction to
epiduroscopy in G. Schiitze’s book Epiduroscopy: A
practice-oriented guide to epiduroscopic diagnostics
and treatment of spinal pain syndromes, written in
German.
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The growing international interest and increas-
ing use of epiduroscopy at pain clinics throughout
the world attest to the bright future of the proce-
dure. This is also reflected by the increasing number
of publications on EDS, the number of colleagues
from outside Germany who come to our pain clinic
and other venues to observe epiduroscopy in use,
the growing number of participants in national
and international workshops and the burgeoning
number of visits to our website. In order to offer in-
terested practitioners hands-on basic and advanced
training and opportunities for medical clerkships,
we will also be holding epiduroscopy workshops
and other types of training in the future.

The establishment of the World Initiative on
Spinal Endoscopy (WISE) in March 2006 is an-
other sign of the trend toward international coop-
eration.

The market launch of the FLEX-X? epiduro-
scope by Karl Storz (Germany) marked a huge
advance for epidural endoscopy. The convincing
technical features of this innovation in epiduros-
copy take endoscopy to a new dimension.

The FLEX-X? is the world’s first epiduroscope to
allow spinal endoscopy with the established sacral
approach technique even up to the cervical segments
of the spine. The FLEX-X? epiduroscope meets to-
day’s clinical requirements for epiduroscopy.

Our vast clinical experience, positive results
and a high level of patient satisfaction all indicate
that epidural endoscopic diagnostics and the as-
sociated possibilities for surgery constitute a safe,
efficient, and especially future-oriented procedure
for use in the management of pain.

Dealing with equivocal symptoms is part of the
pain therapist’s daily routine. Classifying chronic
spinal pain is particularly difficult. Diagnostic pro-
cedures to date have not provided sufficient expla-
nations for this type of pain. EDS expands possi-
bilities for pain therapists to visualize pathological
and anatomical changes and provides treatment
options in the spinal canal. Endoscopic examina-
tion of the epidural space can also serve to bridge
the gaps when discrepancies arise in results of vari-
ous imaging procedures.

Future trends also include the epidural pain
provocation test (EPPT) as an important profes-
sional instrument for differential diagnosis in pain
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assessment, as well as for expert opinions. Based on
our experience, EPPT should be used as a standard-
ized procedure for more accurate pain assessment.

At our clinic, epiduroscopy has become an
integral component for diagnosing and treating
spinal pain syndromes. As I see it, pain clinics
should use the procedure as a first line treatment.
In order to counteract automatic chronicity of the
pain process early on, choosing a suitable time to
perform epiduroscopy or carry out an epidural
intervention can be a major decision for the pa-
tient. Continuing conservative treatment measures
without questioning their effectiveness has a great
potential for pain becoming chronic.

For the treatment of spinal pain syndromes in
particular, epiduroscopy opens up new treatment
paths for the patient that are effective well before
chronicity sets in. In the few publications on epi-
duroscopy, the advantages of the procedure are
described in a similarly positive manner.

As with other new techniques, the epidural
endoscopic examining technique must be used
prudently and judiciously.

To date, international experience with epiduro-
scopy has been relatively limited. Further clinical
studies involving larger patient populations are
required that would shed more light on endoscopic
anatomy and pathological morphology and allow
better assessment of the value and effectiveness of
invasive epiduroscopic interventions in the area of
pain medicine.

A consistent dialogue between scientific re-
search and clinical practice promises further prog-
ress in the area of epiduroscopy. In the future too,
advances in epiduroscopy management can refine
and expand diagnostic and therapeutic possibilities
in the treatment of spinal pain syndromes without
causing additional strain on the patient.

The aim of this book has been to present the
background and method of spinal endoscopy and
future developments for the procedure, as well
our results with the method to date. Even more,
however, it aims to advance the use of this new,
intelligent form of diagnosing and treating spinal
pain syndromes — epiduroscopy - as part of a mul-
timodal strategy for modern, future-oriented and
intelligent pain management to benefit the chronic
pain patient.
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