Radio Frequency Ablation


Radio frequency ablation is a medical procedure in which heat in the form of a high frequency alternating current is delivered through an electrical conduction system to a tumor or other dysfunctional tissue.  The heat produced is used to denature the tissue in order to treat a medical disorder.  Radio frequency ablation, henceforth referred to as RFA, is a form of electrosurgery.  This can be defined as the transfer of energy via electrons from the surgical instrument to the tissue of concern.  The difference between radio frequency current and other forms of electricity is simply the frequency of the energy being delivered.  Typical low frequency alternating current is delivered at 60 Hz and, when conducted through the body, causes polarization and depolarization of the neuromuscular junction, which is demonstrated as twitching of muscle fibers.  High amounts of energy delivered at this frequency would lead to electrocution.  The radio frequency portion of the electromagnetic spectrum ranges from 300 Hz to 10 MHz.  The typical frequency range used during RFA is between 200 kHz and 500 kHz.  Energy delivered in this range does not allow muscle fibers a chance to depolarize but does cause molecular oscillation, which produces the heat needed for the procedure.

The electrode tips used in various RFA procedures are capable of being heated with extreme precision, which gives them the ability to clearly define the ablated volume.  The heat produced by the electrode allows tissue, surrounding blood vessels, and cell membranes to be devitalized without having to be surgically removed.  This, in turn, leads to less bleeding complications, the formation of stronger tissue bonds post-ablation, and less stimulation of surrounding nerve or muscle tissue.  These factors combined most often allow the procedure to be done without the use of general anesthesia.  

The first application of RFA was in cardiology, a field in which radio frequency energy continues to be used to destroy abnormal electrical pathways in heart tissue that are contributing to cardiac arrhythmia.  In these procedures, the energy emitting probe is usually placed through a vein and into the area of the heart that is causing the abnormal electrical signal.  RFA is now the standard treatment for supraventricular tachycardia, typical atrial flutter, and other conditions that lead to cardiac arrhythmia.  

Most frequently RFA is used to treat tumors of the liver.  It can also be used to treat primary or metastatic lung, kidney, breast, and bone tumors.  In these procedures, an umbrella shaped probe is placed inside the tumor using x-ray or ultrasound guidance.  High frequency radio waves are then used to heat the probe, which results in destruction of the tumor.  The RFA treatment of tumors is often used in conjunction with other treatments such as chemotherapy, radiation therapy, and/or surgical intervention.  

Another use for RFA is in the treatment of varicose veins.  RFA is typically used to treat the greater or lesser saphenous veins as an alternative to laser or other traditional stripping methods.  There is less risk of bleeding and clots with RFA compared to these other treatment interventions and the patient typically experiences less pain during and after the procedure.  RFA is also advantageous for medical personnel, as it removes the risk involved with the infrared heat that is used in laser ablation procedures.  The procedure involves inserting the radio frequency probe into the abnormal vein and heating the vessel as the probe is removed.  This technique results in the closure of the involved vein, with relieves the patient’s pain and eliminates the discoloration of the varicose vein.  Studies have shown high success rates for the procedure with little risk of complication.  

Other RFA procedures that are less commonly used but are becoming more viable interventions include vein closure in areas where intrusive surgery is contraindicated by trauma, liver resection to control bleeding and facilitate the transection process, and selective reduction in patients with multiple fetuses.  Another application of RFA know as coblation, or controlled ablation, is a method used by ear, nose, and throat surgeons to perform tonsillectomy, adenoidectomy, and other oral surgery including treatment of snoring and oral lesions.  

The focus of my research has been on a procedure known as rhizotomy, or RFA to the nerve supply of the zygapophyseal joints of the spine, also known as facet joints.  The facet joints lie in the posterior compartment of the spinal column and are formed by the superior and inferior articular processes of successive vertebrae.  There are two facet joints between each pair of vertebrae, one on each side of the spine.  Proper alignment of the facet joints allows freedom of movement in flexion and extension and assists in axial weight bearing.  Normally, the facet joints fit together snugly and glide smoothly without pressure because their surfaces are covered by articular cartilage.  Each segment in the spine has three main points of movement, the intervertebral disc and the two facet joints.  As the disc thins with aging, the space between vertebral bodies shrinks and this causes the facet joints to press together.  As pressure on the joints build, eroding of the cartilage on the joint surfaces occurs.  The body responds to this extra pressure by developing bone spurs.  As the spurs form around the edges of the facet joints, the joints become enlarged and eventually arthritic.  When the articular cartilage of the joints degenerates, there is bone on bone contact causing the joints to become inflamed, swollen, and painful.  Various types of imaging can demonstrate compression fracture of the vertebrae, intervertebral disc degeneration, and they may show if bone spurs have developed near the facet joints.  

The nerve supply of the facet joints is derived from the dorsal ramus of the nerve root.  The medial branch of the dorsal nerve root appears to be most closely associated with the facet joints.  Eventually weaving its way through a bony canal formed by the superior articular process, the transverse process, the accessory process, and the mammillo-accessory ligament, the medial branch nerve becomes embedded in the fibrous tissue surrounding the joint.  The terminal branches of the medial branch nerve continue on to the ligaments and periosteum of the vertebral arches and spinous processes.  

Back pain affects 80% of Americans at some point in their lives and over $80 billion is spent annually to treat chronic back pain.  Invasive treatments and surgery account for a high proportion of morbidity among patients with chronic low back pain.  Rhizotomy, also known as facet joint denervation, offers a minimally invasive alternative to surgery with much lower risk of complications.  It is important to note that not all patients with back pain are candidates for rhizotomy and that patient selection is one of the most important considerations for successful facet joint denervation.  Other contraindications include identifiable pathology such as disc herniation, spondylolisthesis, and spinal stenosis. A preliminary diagnostic procedure known as a medial branch block is performed by injecting a small amount of anesthetic into the nerves surrounding the zygapophyseal joints under fluoroscopic guidance.  The zygapophyseal joints are considered to be the source of pain if diagnostic blocks reduce the pain by at least 70% or eliminate it for a short time.  If diagnostic blocks are successful and the patient is identified as a strong candidate for the procedure, a rhizotomy can be performed at any level in the spine including the sacroiliac joints.  

Prior to the rhizotomy procedure the patient and the room must be prepared.  An intra venous line is started for the administration of relaxation and pain medication.  The patient lies prone on a C-arm accessible table and a sterile drape is placed over the patient exposing only the area needed for the procedure.  All patients are monitored with EKG, blood pressure cuff, and pulse oximetry.  After cleaning the patient’s skin with aseptic technique, the rhizotomy procedure may begin.  

The procedure begins with the injection of a numbing agent to the skin and then, using fluoroscopic guidance, the introducer cannula is advanced to the area of the medial branch nerve.  It is important to note here that proper cannula placement has been indicated in various studies to be a major contributor to the successful medial branch denervation.  The optimal technique for the procedure involves the placement of the electrode parallel to the medial branch nerve so that the largest electrode contact occurs with the side of the electrode, rather than the point, against the nerve.  If only the point of the electrode is in contact with the target, the nerve may escape coagulation or be only partially coagulated.  Once the cannula position appears correct, the radio frequency electrode is introduced.  To test for exact electrode placement, a stimulation process is carried out in which a frequency of 50 Hz and a current of 1 mA are administered for sensory detection and 2 Hz and 3-5 mA is applied for motor stimulation.  A positive stimulation is that which reproduces the patient’s pain, without producing other sensory or motor findings in the lower extremity or buttocks.  Negative stimulation may be signified by a failure to produce the patient’s pain or, the obvious stimulation of motor and sensory structures arising from the spinal nerve.  In such cases, denervation should not be performed, and the cannula should be repositioned in order for the stimulation to be repeated.  Prior to ablation, the medial branch nerve is numbed and judicious use of sedation may be necessary.  When the stimulation pattern is acceptable, a lesion is created by passing a radio frequency in the range of 400 kHz (400,000 cycles per second) through the electrode for 60-90 seconds.  This causes the tissue temperature to rise to 60-80 degrees Centigrade (140-176 degrees Fahrenheit).  The tissue temperature is monitored and controlled to remain below boiling point, thereby helping to prevent neuromas and the formation of scar tissue.  Once the lesion is formed, successive facet joint levels may be completed in a similar fashion.  The entire process usually takes around 30-90 minutes.  

Complications from rhizotomy are few if the procedure is performed correctly.  The most common side effect is significant muscular pain for several days after the procedure.  There is a rare chance (less than 2%) of increased nerve pain following the procedure that may last 1-3 months.  This is generally due to nerve irritability resulting from partial, rather than complete cauterization of the nerve.  Another clinical issue encountered in some patients is that of post-denervation neuritis, which typically presents as a sunburn-like feeling in the area around the procedure.  It is usually more of an annoyance than painful and resolves spontaneously in all cases within six to eight weeks.  As with any invasive procedure, there is a risk of infection and sterile conditions should be maintained throughout the procedure.  

If completed successfully, the rhizotomy prevents the sensory transmission of electrical signals from reaching the brain, thus blocking the sensation of pain.  The medial branch nerves do not control any muscles or sensations in the arms or legs; they only allow feeling in the facet joints and control the short, small multifidus muscle in the area of the procedure.  Unfortunately, regeneration of the medial branch nerve may occur following rhizotomy.  Various research has shown that pain relief may last anywhere between 3 and 36 months and, in fewer than half of patients pain never returns.  In a prospective Canadian trial (Gofeld, 2007) of 174 completed patients, it was shown that 68.4% had good results lasting from 6 to 24 months.  Other data has indicated success rates up to 80%.  In appropriate candidates, the rhizotomy may be repeated when the pain returns.  A stabilization program that includes general aerobic conditioning will help to strengthen and support the musculature of the spine and reduce the load placed on the facet joints and intervertebral discs as much as possible.  

Radio frequency ablation is used for a multitude of reasons and purposes in the medical field.  Various applications of RFA have been briefly mentioned and one specific procedure, rhizotomy, has been discussed in detail.  As technology and innovation continue to advance, treatment options using RFA will become increasingly viable alternatives to more invasive procedures.
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