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VESTIBULAR SCHWANNOMAS Foreword L. DADE LUNSFORD, MD, FACS



Neurosurgery as a field continues to undergo major paradigm shifts. It is how we advance the field, and how we continue to incorporate new technology into our patient treatment armamentarium. Some of our new modalities require scrutiny over many years. This includes new innovations in stereotactic surgery, new microsurgical techniques, skull base approaches, and stereotactic radiosurgery. The proven value of stereotactic radiosurgery for management of acoustic neuromas (vestibular schwannomas) represents a fundamental shift in the management of patients with skull base tumors over the last 15 years. Neurological surgery as a field now focuses on minimally invasive procedures. Now we search for molecular knowledge in order to understand how tissues can be functionally inactivated as opposed to surgically excised. We rely on the multi-disciplinary talents and backgrounds of practitioners in neurological surgery, radiation oncology, medical physics, otolaryngology, bioengineering and molecular biology. The role of stereotactic radiosurgery continues to grow. A short review of the history of the application of stereotactic radiosurgery for acoustic neuromas (vestibular schwannomas) is warranted. The term, stereotactic radiosurgery, was coined by the visionary Professor of Neurosurgery at the Karolinska Institute, Lars Leksell. As a young man who was accustomed to the difficulties and occasional tragedies resulting from surgical techniques of the 1930’s and 1940’s, he was determined to develop alternative minimally invasive techniques. Neurosurgeons needed to reach deep targets in the brain to inactivate critically located tumors. He coined the term stereotactic radiosurgery in 1951. His initial effort combined his first generation stereotactic guiding device with an orthovoltage dental x-ray tube rotated around an arc. This technique, remarkably similar to what is being done with many linear accelerator devices 52 years later, remains one of the seminal develop-



ments in modern neurological surgery. He found proton radiosurgery cumbersome and linear accelerator based techniques as unreliable. His reliance on the Gamma Knife®, which he developed in 1967, was based on years of collaboration with Börje Larsson. Leksell desired a simple and practical tool that can be used within the context of the hospital. environment As a reluctant visionary, he was unwilling to disseminate this technology until many years of conscientious follow-up was performed by his disciples. As a relentless perfectionist, Leksell pursued the application of stereotactic radiosurgery, first in functional cases for pain management, obsessivecompulsive disorders and severe anxiety states refractory to medication. As various disciples studied under his tutelage, migrated to his vision, he endowed them with the opportunity to pursue specific issues. His first and main disciple related to acoustic neuroma was Georg Norén, currently Professor of Neurological Surgery at Brown University. At that time, Georg was beginning his work at the Karolinska Hospital, first as a trainee and then a young faculty member. Leksell was a perfectionist who demanded much of Georg. Georg’s natural Swedish personality allowed him to endure over the course of many trying years. Among the issues to solve were the methodology to image acoustic neuromas, determination of the appropriate dose, and the rudimentary dose planning technologies. The first CT scans became available only in the late 1970’s at the Karolinska Hospital. At that time, the overwhelming need was for diagnostic work. The EMI scanner had a water bag surrounding the head. Therefore, the localization of an acoustic neuroma with a stereotactic guiding device attached was first performed using air encephalography or contrast cisternography injected from the lumbar routes. The stoic Swedish patient tolerated this invasive technique for localization with persistent fortitude. The cases were treated based on
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early generation dose planning principles provided by the then existing Kula® planning system. Medical physics support was provided by the astute physicist, Jurgen Arndt. By 1980, the first open CT scanners arrived, facilitating stereotactic localization. By 1983, however, Leksell was convinced that MRI would replace CT localization techniques. Patients began to be ferried from Stockholm to Erlangen, Germany, where MRI localizations could be performed. The stereotactic frame was revised and re-created in order to be MRI compatible. With the advent of MRI scan, three dimensional high-resolution volumetric imaging could be performed to define the target. Patients were easily diagnosed now, as even smaller intracanicular tumors could be easily recognized early in their disease course. Leksell revolutionized the field and facilitated the gradual transition of acoustic neuroma patients from a microsurgical only option to stereotactic radiosurgery. Experience was gained. The initial doses selected were undoubtedly too high. Our start-up efforts at the University of Pittsburgh (beginning in 1987) employed doses which were then thought to be necessary for tumor control. The early temporary facial paresis was in the 3540% range within six months to one year after the procedure. Of course, recovery was the rule. Gradually, a dose reduction strategy was selected with optimization of treatment planning. The development of high speed rapid dose planning systems facilitated the use of smaller beam diameters, more conformal radiosurgery, and the number of isocenters per tumor increased from an average of three to six to ten. The tumors at the time of treatment were now smaller, as they are increasingly recognized with the availability of MRI scan. The word was out that a patient with unilateral hearing changes, tinnitus, imbalance or unexplained dizziness should have an MRI scan to “rule out an acoustic neuroma”. Many were ruled in, and a minimally invasive treatment option was required. The resistance to the role of radiosurgery has been fierce. It remains, in part, fierce because of the general impact that it may have on the socio-economic effect on surgeons who are trained to perform only delicate and exhausting microsurgery. Many surgeons were reluctant to consider the concept of a minimally invasive procedure, whose goal became tumor control rather than tumor resection. Some surgeons continue to maintain that acoustic neuromas never recur if they took them out. Often, they were subsequently proved wrong in two to five years, especially when enhanced
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facial nerve preservation rates was desired, or more recently when hearing preservation was attempted. The paradigm shift included otologic surgery. Every patient undergoing translabyrinthine surgery in the 1980’s and 1990’s became deaf. This unfortunate outcome was despite the fact that many patients with newly diagnosed acoustic neuromas still had preserved hearing. Another option was necessary to enhance hearing outcomes. As dose refinement and dose delivery improved, with the addition of technologies such as the Robotic C Unit, hearing preservation rates for intracanalicular tumors approached 100%, and preservation rates for hearing in extracanicular tumors exceeded 60-70%. Facial neuropathy rates dropped to less than a 1% risk per patient. Remarkable goals were achieved. The controversy has not dissipated. No doubt this monograph will help to define this controversy and put it into perspective. The risks of death after microsurgical removal of an acoustic neuroma in centers of excellence range from 1:100 to 1:200 at the time of surgery. In contrast, the theoretical risk of a delayed radiation neoplasm after radiosurgery is estimated to be at 1: 1,000 but reality appears to be less in 1:20,000, even for those cases which are fully confirmed. The risk of failure after radiosurgery, that is delayed tumor growth requiring microsurgical intervention, is less than 2%. Tumors are no more difficult to remove if they failed radiosurgery than tumors are difficult to re-operate if they failed microsurgery. In fact, radiosurgery becomes more difficult after failed microsurgery because of the now irregular tumor volumes left behind. The radiosurgical outcomes continue to be published from multiple centers and now extend over 35 years. Since the results are difficult to duplicate using other surgical strategies, the value of radiosurgery for the management of vestibular schwannomas can no longer be contested. It may be protested, but in the end it is our patients who make the decision. They will do so on the basis of comfort with the goal of tumor stabilization rather than tumor removal and cranial nerve preservation rather than cranial nerve deficits. They will be comfortable with the fact that they are able to return to work in 24 hours, resume their regular life, have no significant impact on their activities of daily living or their employment, and be satisfied that they paid much less of a physical, psychological and financial price for the management of their otherwise benign tumor.
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