WHITE PAPER 1

Radiofrequency Energy in Medicine
Peter S. Edelstein, M.D., FACS, FASCRS

Radiofrequency energy (RF) allows for the controlled heating of gross or microscopic tissue targets. Used
clinically for decades in the non-surgical treatment of cardiac arrhythmias, RF now serves as the basis of
numerous medical device systems used to treat a variety of medical disorders.

results in a reduction in the dynamic compliance of

Radiofrequency Energy Tissue Ablation
For Obstructive, Hemorrhagic,
and Metastatic Disorders

luminal wall tissue which results in barrier function

and symptomatic improvement.
RF tissue ablation is a process in which obstructive, Recently, the reduction in dynamic tissue compliance

hemorrhagic, or metastatic tissue is heated on a gross was demonstrated in a prospective, randomized,

scale to temperatures at which tissue necrosis occurs. sham-controlled clinical trial for women suffering from

RF tissue ablation has proven to be a safe and success- SUL. At 12 months, women who had undergone

ful non-surgical modality for the treatment of benign non-surgical, transurethral microscopic RF collagen

prostatic hyperplasia"* (transurethral gross shrinkage denaturation demonstrated an elevation in mean leak

. . . 3
of obstructive prostatic tissue), sleep apnea’ (gross point pressure above pre-treatment level, while

shrinkage of obstructive oropharyngeal), menorrhagia* women who had undergone a virtually identical “sham

(destruction of hemorrhagic endometrial), and hepatic treatment” (without RF delivery) demonstrated a

. . 5
metastatic disease. reduction in mean leak point pressure below baseline

. . . - 9
Microscopic Radiofrequency level (p=0.02).” The treated women demonstrated no

Energy Collagen Denaturation
For Luminal Disorders

evidence of urethral narrowing or obstruction.

Physiology of Microscopic Radiofrequency

Unlike obstructive, hemorrhagic, or metastatic disorders, Energy Collagen Denaturation

conditions such as gastroesophageal reflux disease
(GERD), fecal incontinence (FI), and stress urinary
incontinence (SUI) are characterized by grossly
normal luminal tissues which no longer prevent the
inappropriate passage of intraluminal contents. Such
conditions are referred to as luminal barrier function
disorders. Applying RF tissue ablation techniques to
normal luminal walls would likely result in either
acute perforation or luminal narrowing, stricture, and
obstruction.

RF is, however, successfully used to treat luminal
barrier function disorders through the technique of
microscopic RF collagen denaturation.*™ Microscopic
RF collagen denaturation targets microscopic tissue
sites within the luminal wall at which the temperature
is raised to produce focal areas of microscopic
collagen denaturation while avoiding tissue necrosis.
Thus microscopic RF collagen denaturation avoids
gross tissue shrinkage and luminal narrowing.
Functionally, microscopic RF collagen denaturation

Collagen is the most abundant structural protein in
humans, where it primarily serves a supportive
function within the extracellular matrix."® Collagen
exists in a triple helical form wherein the peptide
chains are stabilized by hydrogen bonds. The thermal
lability of these bonds has been well-established.
“Thermal denaturation and shrinkage of type I collagen
have been well documented. ...When heated above 60
[degrees] C, collagen fibers undergo a phase transition
from a highly organized semicrystalline state to a
melted gel.”"' Temperature-time profiles at which the
maximal gross physical effect of collagen denaturation
(commonly measured as linear shrinkage) occurs have
been developed (Figure 1)./¢''2331 The potential to
achieve maximal collagen denaturation (either gross
or microscopic) is dependent on three variables: (1)
the type of target tissue (based on collagen content,
density, fiber orientation, etc.), (2) the target tempera-
ture, and (3) the target time (duration of treatment).
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Figure 1. “Plot of [gross tissue] shrinkage versus
time for various constant temperatures...”"

As Figure 1 illustrates, once maximal collagen
denaturation has been achieved at any given target
temperature, increasing target time does not result in
further collagen denaturation. Also as depicted in
Figure 1, higher target temperatures do not promote
additional collagen denaturation; rather, higher
temperatures simply achieve maximal collagen
denaturation more rapidly. On the other hand, lower
target temperatures require greater target time in
order to achieve maximal collagen denaturation.

The acute change in collagen structure resulting from
microscopic RF collagen denaturation is illustrated in

Wall et al Thermal Modification of Collagen, 1999

Figure 2, which demonstrates the histological effect
approximately 30 minutes following non-surgical,
transurethral treatment of the porcine proximal
urethral submucosa. Denatured, viable submucosal
collagen stains bright blue (trichrome staining) at
the site of microscopic RF collagen denaturation. The
surrounding tissue, including the overlying mucosa,
deeper submucosa, and deeper muscular layers, are
unaffected. There is no significant tissue necrosis or
vascular thrombosis.

Following thermal denaturation, treated tissues
demonstrate “tightening effects... [including] collagen
contraction, focal wound healing, remodeling, and
tissue compliance reduction.””" The histological effect
of microscopic RF collagen denaturation following
healing is illustrated in Figure 3, demonstrating the
porcine proximal urethra eight weeks following
treatment. The treated site is identified as a 150-200p
nodule of contracted, healed collagen within the
submucosa (the tissue within the white circle in Figure
3), with unremarkable overlying mucosa, surrounding
submucosa, and deeper muscular layers. While no
gross anatomic luminal changes are produced, the
creation of such focal, microscopic treatment sites
circumferentially within the luminal wall results in
reduced dynamic tissue compliance, the mechanism of
action for microscopic RF collagen denaturation in the
treatment of GERD,® FI,"** and SUI®.
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Summary

RF is a useful modality for the heating of tissue. Target
tissue, temperature achieved, and duration (time) of
heating all impact the result of treatment. In
addition, whether treatment is applied on a gross or
microscopic scale has significant implications for the
therapeutic role of RF. RF tissue ablation is useful
when gross tissue destruction is the goal of treatment.
Microscopic RF collagen denaturation is a useful
technique as a non-surgical approach to luminal

disorders such as stress urinary incontinence.

References

1

10

11

12

13

14

15

Larson TR. Rationale and assessment of minimally invasive
approaches to benign prostatic hyperplasia therapy. Urology
59:12-16, 2002.

Minardi D, Garofalo F, Yehia M, et al. Pressure-flow studies in men
with benign prostatic hypertrophy before and after treatment
with transurethral needle ablation. Urol Int 66:89-93, 2001.

Shochat T and Pillar G. Sleep apnoea in the older adult:
pathophysiology, epidemiology, consequences and management.
Drugs Aging 20:551-560, 2003.

Cooper J, Gimpelson RJ. Summary of safety and effectiveness
data from FDA: a valuable source of information on the
performance of global endometrial ablation devices. J Reprod
Med 49:267-273, 2004.

Lencioni R, Crocetti L, Cioni D, et al. Percutaneous radiofrequency
ablation of hepatic colorectal metastases: technique, indications,
results, and new promises. Invest Radiol 39:689-697, 2004.

Fanelli RD, Gersin KS, and Bakhsh A. The Stretta procedure:
effective endoluminal therapy for GERD. Surg Technol Int 11:129-
134, 2003.

Effron JE, Corman ML, Fleshman J, et al. Safety and effectiveness
of temperature-controlled radiofrequency energy delivery to
the anal canal (Secca procedure) for the treatment of fecal
incontinence. Dis Colon Rectum 46:1606-1618, 2003.

Sotomayor M, Feria-Bernal G. 12 month results of non-surgical
radiofrequency energy tissue micro-remodeling for stress
incontinence. Int Urogynecol J Pelvic Floor Dysfunct (publication
pending, 2004).

Wells WG and Kanellos A. Impact of menopausal status on leak
point pressure following non-surgical radiofrequency energy
tissue micro-remodeling in women suffering from stress urinary
incontinence. International Continence Society Annual Meeting
(abstract), 2004.

Theodossiou T, Rapti GS, Hovhannisyan V, et al. Thermally
induced irreversible conformational changes in collagen probed
by optical second harmonic generation and laser-induced
fluorescence. Lasers Med Sci 1:34-41, 2002.

Naseef GS, Foster TE, Tranuner K, et al. The thermal properties
of bovine joint capsule. The basic science of laser- and radiofre-
quency-induced capsular shrinkage. Am J Sports Med 5:670-674,
1997.

Viidik A, Denielson CC, and Oxlund H. On fundamental and
phenomenological models, structure and mechanical properties
of collagen, elastin and glycosaminoglycan complexes.
Bioreheology 3:437-451, 1982.

Wall MS, Deng SH, Torzilli PA, et al. Thermal modification of
collagen. J Shoulder Elbow Surg 4:339-344, 1999.

Arnoczky SP and Aksan A. Thermal modification of connective
tissues: basic science considerations and clinical implications.
J Am Acad Orthop Surg 5:305-313, 2000.

Takeshi, T, Garcia-Osogobio S, Valdovinos MA, et al. Radio-
frequency energy delivery to the anal canal for the treatment of
fecal incontinence. Dis Colon Rectum

Novasys Medical, Inc. ® www.novasysmedical.com
39684 Eureka Drive ® Newark, CA 94560

(510) 226-4060 * Fax (510) 353-0524

Toll Free: 866-784-4777

(V) Novasys Medical’

PMO014E 07-05
Page 3 of 3



