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To my family, mentors, fellows, and residents

As to diseases, make a habit of two things—to help, or at least, to do no harm.

Hippocrates
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Foreword

This edition is special. Professor Hofstetter’s Atlas of Full-Endoscopic Spine Surgery is a contribution that represents the leading edge of spine surgery. Endoscopic spine surgery is incredibly attractive to both surgeons and patients because of the predictably laudable outcomes and an enviable rapid patient recovery window for a spectrum of pathology. In our surgical armamentarium, this volume’s significance is far more than a mere contemporary overview of the burgeoning field of endoscopic spine surgery.

This 26-chapter compendium is written with a remarkable surgical flair. It is thorough, comprehensible, and efficient. It is a step-by-step, concise description written for a broad range of learners, from those fully trained to those still part of the training phase. It is shaped by renowned surgeons who have helped push this evolving endoscopic spine field forward. Most of the chapters are penned by the editor who has an intuitive ability to communicate the most challenging surgical aspects of each operation to even a novice surgeon.

The photographs, drawings, figures, and writing style of this atlas are exceptional in nature, as there is not a single wasted stroke, figure, or chapter. The authors thought of everything from radiation safety to perioperative care. Especially, the surgical techniques chapters, which are simply a cut above many other spine atlas offerings. The atlas offers pearls, practical surgical considerations, and brilliant illustrations of how to deliver an endoscopic surgical solution.

The descriptions are almost mathematical in their emphasis on trajectories, three-dimensional anatomical perspective, and essential psychomotor nuances. The author meticulously describes everything from the position of the surgeon’s hands to the anatomical landmarks, as viewed through the endoscope. This is accomplished with the help of beautiful, crystal-clear endoscopic photographs coupled with perfectly choreographed perspectives of the patient/surgeon interface.

Each chapter of this all-encompassing atlas has been crafted intelligently and logically to successfully guide the surgeon through an endoscopic spine procedure. In essence, the atlas is framed in a style that reflects how we, as surgeons, think, analyze, and execute a surgical plan when treating patients with spine conditions. Professor Hofstetter’s atlas helps elevate the subject matter to the impeccable technical standards of other classic, academic brain and spine surgery-related subject matter. In addition, the book incorporates the AO nomenclature that will be the basis for the AO worldwide teaching curriculum. Finally, it will likely standardize endoscopic techniques to allow surgeons to compare their results, as this field grows exponentially.

This is a “must have” book for surgeons who are committed to mastering this important and evolving endoscopic spine technique in order to improve their patients’ outcomes.

Richard G. Ellenbogen, MD, FACS
Theodore S. Roberts Professor and Chair
Department of Neurological Surgery
University of Washington
Seattle, Washington


Foreword

It is with great pleasure that I accept the invitation to write a foreword to Professor Hofstetter’s wonderfully organized and executed Atlas of Full-Endoscopic Spine Surgery. As surgeons dedicated to the careful diagnosis and treatment of spinal pathology, our ultimate goal is to deliver the highest quality of care in order to achieve the best possible outcomes for our patients.

Unquestionably, the evolution of spinal surgery has rapidly progressed in recent decades.

As a consequence, we as surgeons, are constantly exposed to new technologies and have to ask ourselves difficult questions that sometimes do not have clear answers:

• Is this new technology really going to improve my ability to take care of patients?

• Is this here to stay or is this just a temporary trend that will fail to deliver the results promised and ultimately fade?

• Was this technology born out of a true surgical need or is it pushed for other reasons, such as industry-interest or by surgeons’ egos?

• Finally, am I at a stage in my career where I can/should invest time and resources in learning this skill, and if so, how can I best do this without compromising patient safety and care?

These are certainly the questions I ask myself as I wander through the halls of our many meetings or peruse the spinal journals that land on my deskon a daily basis. I marvel at the display of technical gadgets from navigation and robotic technology, the wonders of biological disc regeneration, minimally invasive surgery, and the latest implant designs that promise higher fusion rates or faster patient recovery. Fortunately, Professor Hofstetter and co-authors finally give us some clear guidance in the area of spinal endoscopy.

Spinal endoscopy, which has transformed in recent years, certainly falls into the category of techniques that fascinate but also intimidate us spine surgeons: Did you ever find yourself watching a video clip of endoscopic spinal surgery at a meeting, or glance at articles and manuscripts describing endoscopic procedures and feeling completely lost, confused, and wondering if your understanding of the spinal anatomy is just not sophisticated enough to follow along? Do you get irritated when you overhear surgeons using many different (usually company coined) terms describing a particular surgery and it turns out they are all referring to the same procedure?

Well, this book will help you understand! It hits exactly the right spot; it is short, concise, and comprehensively written in understandable language. It is edited and written by experts in the field who went through a learning curve that we as spine surgeons who were trained in open or more “traditional” MIS surgery (mainly tubular or specular) can understand and potentially replicate. Professor Hofstetter picked up endoscopy as a natural extension after he understood and mastered “tubology.” He came from where most of us are right now. And this is exactly where the strength of this book is.

Did you wonder how endoscopic surgeons create a working space in a tight spinal canal in the presence of severe stenosis? Go to Chapter 9.1 and you find a detailed description that is practical, easy to understand, and well-illustrated! One of the most satisfying procedures in my practice is the unilateral tubular approach for bilateral decompression for lumbar spinal stenosis. Chapter 14 shows a clear and understandable pathway for achieving similar decompression via the endoscope. The “Pearls and Pitfalls” that are integrated into most chapters are my favorites and provide valuable advice.

In short, this is a book that we were looking for. It is time to accept that endoscopic surgery is here to stay and will eventually replace and/or enhance many procedures that we do as open or “traditional” MIS surgeries in our daily practice. There is no doubt that spinal endoscopy will help us come closer to our ultimate goal of delivering the highest possible quality of care and achieving the best possible outcomes for our patients.

Roger Härtl, MD
Professor of Neurological Surgery
Director of Spinal Surgery
Director, Weill Cornell Medicine Center for Comprehensive Spine Care
New York, New York



Preface

Recent advances in spine surgery havebeen nothing short of breathtaking. Full-endoscopic spine surgery is an emerging technique which has had a dramatic impact on the worldwide practice of spine surgery. Despite the rapid evolution of endoscopic spine surgery in past few years, there has been a relative lack of consistency in nomenclature, operative technique, and surgical goals within the global spine community. The resulting differences have stymied true academic discussion on the role full-endoscopic spine surgery plays in the treatment of spinal pathology.

This book is intended to describe the standard surgical technique of full-endoscopic spine surgery and its nuances to residents, fellows, and spine surgeons, who are interested in performing these procedures. This book is designed in the form of an atlas but also serves as a textbook. We consider this layout ideal, since the spine surgeon learns relevant anatomy and endoscope-specific technical vignettes by studying the images. This book also provides insights into the appropriate indications and surgical techniques in a step-by-step fashion, including special cases and strategies to manage intraoperative complications.

The book is organized into the following three sections: basic tenets, step-by-step description of common approaches, and special cases and challenges. Critical surgical concepts required to carry out full-endoscopic spine surgery are discussed in a detailed manner.

The first section highlights relevant spinal anatomy that is needed to efficiently and safely perform full-endoscopic spine surgery. In addition, this section contains a detailed description of endoscopic technology and provides information about special instruments that are used in endoscopic spine surgery. Finally, we include a description of common endoscopic tasks which greatly enhance and promote teaching of these surgical techniques.

The second section describes full-endoscopic spine procedures in a step-by-step fashion and sheds light on the common mistakes and pitfalls to avoid.

In contrast to traditional open spine surgery, the dynamic and small visual field of endoscopic spine surgery requires the spine surgeon to be vigilant regarding small details to help provide full orientation to locational anatomy. A critical element of endoscopic spine surgery is the precision of the approach; the surgeon is required to marry preoperative planning, intraoperative imaging, and controlled dissection to quickly dock onto a well-defined anatomic area. A major part of the learning curve involves mastering this transition. We therefore identified optimal target areas for all endoscopic procedures. The target areas are easily discernable on fluoroscopic imaging, have unambiguous tactile properties, and allow for quick transition to visualization once the endoscope is in place. Importantly, the target areas have anatomical features, making them identifiable within the very limited field of view provided by endoscopic spine surgery. This is necessary since full-endoscopic spine surgery does not afford the luxury of exposing multiple anatomical structures that can be utilized in concert, as is the case during traditional spine surgery. The step-by-step description has been developed during the extensive teaching experience of the editors. This section also introduces the classical surgical concept of principal anatomical landmarks to full-endoscopic spine surgery. Principal anatomical landmarks are highly reliable bony landmarks that allow for safe identification of neural structures. If utilized appropriately, they also allow for visual confirmation of complete neural decompression upon completion of full-endoscopic spine procedures, which has long been a major criticism of these procedures.

The third section describes the common modifications required and special tasks performed to manage special cases or complications, including dural lacerations or intraoperative bleeding.

The mission of this book is to provide a framework of the endoscopic surgical technique and also help contextualize the role of full-endoscopic spine surgery in the treatment of spinal pathology. We utilize the recently introduced world-wide AOSpine nomenclature, and a similar step-by-step curriculum of these procedures will be utilized in practical courses. Eventually, standardization will allow for more productive exchanges of ideas, further evolution of surgical techniques, and will hopefully lay the groundwork for a combined effort to better investigate patient outcomes following these procedures.

We believe that full-endoscopic spine surgery will prove to be a great asset in the light of current clinical challenges, including an aging patient population, increased medical comorbidities, and elevated expectations regarding post-operative pain and recovery. However, while we strongly believe that full-endoscopic spine surgery constitutes a crucial part of the armamentarium for the complex spine surgeon, it cannot replace traditional spine surgery. Severe spinal deformity, mechanical instability, and trauma have well established surgical remedies which cannot, currently, be replaced by full-endoscopic spine surgery. While we expect the borders between traditional, minimally invasive, and full-endoscopic techniques to be in flux, a complex spine surgeon should have insight into all of these procedures in order to choose the most sensitive option for a given pathology in each individual patient. It is paramount for the global spine surgery community to participate in an academic dialogue to elucidate the proper indications for full-endoscopic spine surgery.

Following the framework of this book and the structured step-by-step instructions will therefore necessarily be a great asset to any spine surgeon who wishes to leverage technological advancements to elevate the quality of care they provide to their patients. We have witnessed an unprecedented enthusiasm among many spine surgeons, both novice and seasoned, once they experienced the impact that this novel technology has on patient care. We hope that this book will serve as a foundation to establish, develop, and teach full-endoscopic spine surgery to the next generation of spine surgeons.

Christoph P. Hofstetter, MD, PhD, FACS
Sebastian Ruetten, MD
Yue Zhou, MD, PhD
Michael Y. Wang, MD, FACS
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1 Anesthesia and Rapid Recovery

G. Gamian Brusko and Michael Y. Wang

1.1 Introduction

Full-endoscopic spine surgery is an ultraminimally invasive surgical technique that affords the spine surgeon an opportunity to utilize anesthetic methods other than general anesthesia. Because endoscopic surgery focuses on minimizing surgical morbidity, anesthetic protocols that reduce the associated risks of sedation should be employed to complement the endoscopic surgical approach. This chapter will provide a brief introduction to the aims of rapid recovery, discuss the important principles as they apply to spine surgery, and outline anesthetic protocols for use during endoscopic procedures.

1.2 General Principles of Rapid Recovery

Rapid recovery or “fast-track” surgery protocols are designed to reduce the morbidity associated with surgery and shorten the length of hospital stay following a surgical procedure. Also referred to as enhanced recovery after surgery (ERAS), such pathways focus on optimizing patients for surgery preoperatively, reducing surgical stress intraoperatively, and improving pain control postoperatively. Henrik Kehlet, a Danish colorectal surgeon, was the first to describe these principles of enhanced recovery in an organized fashion, which focus on minimizing the surgical stress response and preventing complications related to anesthesia, surgical technique, and postoperative hospitalization. 1 Importantly, Kehlet described ERAS as a multidisciplinary approach for enhancing patient care. Thus, anesthetic principles play an important role perioperatively in rapid recovery.

1.3 Key Components

Of the many important perioperative interventions in an ERAS protocol, there are four key elements in which anesthesia should play a critical role: (1) preoperative medication optimization, (2) intraoperative conscious sedation, (3) local injectable anesthetics, and (4) postoperative multimodal analgesic regimens. Each of these interventions will be briefly discussed to create a foundation in rapid recovery techniques for the endoscopic spine surgeon and are summarized in  ▶ Table 1.1.


Table 1.1 Key anesthesia-related interventions in a rapid recovery pathway for endoscopic spine surgery 






	

Preoperative






	

	
Medication optimization



	
Preparation of the patient






	
Use of gabapentinoids and/or preemptive multimodal analgesic regimens

Educational programs and prehabilitation with physical therapy





	

Intraoperative






	

	
Conscious sedation






	
Intravenous ketamine and propofol to maintain light to moderate sedation





	

	
Local injectable anesthetics






	
Long-acting local anesthetics at the very limited areas of soft-tissue trauma





	

Postoperative






	

	
Multimodal analgesia



	
Rapid mobilization






	
Use of opioid-sparing medications to limit narcotic consumption and its side effects

Prevention of complications from prolonged bed rest and rapid discharge to home







Prior to any surgical procedure, several steps are taken to optimize patients for surgery. Managing comorbidities, promoting regular exercise, and improving nutritional status preoperatively are well known to improve outcomes. In addition to these recommendations, rapid recovery pathways also optimize medications before surgery, focusing primarily on pain medications, which is of importance in patients undergoing spine surgery. As some patients suffer from chronic pain related to their spinal disease, understanding the role of non-narcotic pharmacotherapy options is critical. This may limit the amount of narcotic medications consumed, which has been shown to improve outcomes for spine patients. Most notably, the preoperative administration of gabapentinoids (pregabalin or gabapentin) reduces postoperative pain, total morphine consumption, and morphine-related complications such as nausea following spine surgery. 2 Additionally, preemptive multimodal analgesic regimens that include celecoxib, pregabalin, extended-release oxycodone, and acetaminophen prior to surgery have been successfully employed in spine surgery for decreasing postoperative pain. 3 For patients undergoing decompressive surgery, anti-inflammatory medications are a useful adjuvant. There is also an emerging body of evidence that for short segment fusions the use of these medications is unlikely to reduce the arthrodesis rate. Managing patients’ narcotic usage prior to surgery may temper their opioid requirements after surgery and facilitate both decreased pain and a shorter hospital stay.

Full-endoscopic spine surgery also provides a unique opportunity to utilize conscious sedation within a rapid recovery pathway. While commonly employed for minor surgical procedures, conscious sedation with ketamine and propofol has recently been used for endoscopic spine surgery. 4 Importantly, the addition of ketamine to the sedation protocol decreases the postoperative opioid requirement in spine patients. Furthermore, the use of total intravenous (IV) anesthesia has also been shown to reduce the incidence of postoperative nausea and vomiting as part of a conscious sedation protocol. 5 Obviating the need for general anesthesia promotes a faster recovery from sedation and therefore enables early mobilization within a few hours after surgery.

A further advantage of conscious sedation is the neurological feedback from the patient. Endoscopic spine surgery is frequently performed in an outpatient setting where electrophysiologic neuromonitoring may be impractical from a resource or economic perspective. As such, the ability of the patient to report nerve irritation can be helpful for preventing intraoperative complications. The sensitivity of the dorsal root ganglion (DRG) to trauma has also led some endoscopic surgeons to be wary of false-negative reports from intraoperative monitoring. In that setting, a sedated but responsive patient is more likely to detect proximity, traction, or trauma to the DRG.

The third key intraoperative component of enhanced recovery is wound infiltration with local anesthetics, which improves analgesia and lessens the need for narcotic medications after surgery. Bupivacaine has traditionally been used for this purpose. Ropivacaine has a similarly long half-life and has the added advantage of reduced cardiotoxicity. However, a newer formulation that increases the analgesic period has demonstrated even greater efficacy in spine surgery. Liposomal bupivacaine provides up to 72 hours of local analgesic relief and can be injected directly along the pedicle screw tracts when placing percutaneous screws in endoscopic spine surgery. For minimally invasive fusions, use of liposomal bupivacaine has demonstrated reductions in length of stay, pain scores, and narcotic consumption. 6 Although more costly than standard bupivacaine, incorporation of liposomal bupivacaine into a rapid recovery surgical pathway has reduced acute care costs by several thousand dollars per patient, greatly exceeding the medication expense. 7 

The goals of anesthesia in the postoperative period are similar for any procedure, but also allow a large percentage of patients to be treated in the outpatient setting. Measures to provide adequate pain relief and to limit common complications and side effects such as respiratory depression or nausea and vomiting should be employed. To achieve these aims in a rapid recovery pathway, however, a multimodal analgesic regimen is often utilized. Combinations of various opioid-sparing medications including acetaminophen, nonsteroidal anti-inflammatory diseases (NSAIDs), gabapentin, S-ketamine, dexamethasone, and ondansetron have shown a benefit in reducing pain and nausea postoperatively. 8 The use of locally injected anesthetics discussed earlier, as well as immediate postoperative infusion of 1 g of IV acetaminophen may also be used within a multimodal regimen.
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