









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Anesthesiology Clin 25 (2007) 535–555



Anesthetic Considerations for Awake Craniotomy for Epilepsy Kirstin M. Erickson, MDa,*, Daniel J. Cole, MDb a



Department of Anesthesiology, Mayo Clinic College of Medicine, 200 First Street, SW, Rochester, MN 55901, USA b Department of Anesthesiology, Mayo Clinic Hospital, 5777 East Mayo Boulevard, Phoenix, AZ 85054, USA



Awake craniotomy is the procedure of choice for patients when the area to be resected is immediately adjacent to eloquent cortex, such as that controlling language or motor function, and hence at risk of injury. Although the technique has other indications, including resection of tumors or vascular lesions impacting eloquent cortex, it was used initially to guide epileptogenic focus resection and this remains its primary role today. An awake brain procedure for the patient with epilepsy requires good patient cooperation, anticipation of speciﬁc problems, and clinical vigilance. The neuroanesthesiologist has a wide array of anesthetic options to achieve smooth management and high patient satisfaction. Epilepsy aﬀects approximately 0.55% to 1% of the population worldwide (between 2.3 and 2.7 million Americans), making it one of the most common neurologic diseases [1]. Of those treated with medications in the United States, 30% to 40% continue to have seizures [2]. Epilepsy is considered intractable when severe, frequent seizure activity cannot be adequately controlled by a reasonable trial of medications and prevents normal function or development. Many patients with intractable seizures may be candidates for surgical resection of their seizure focus. When the focus (either tumor or nonlesional focus) lies in or near eloquent brain (primary motor, sensory, memory, vision, and language cortex), an awake craniotomy may be the best intervention. Eloquent brain near the central sulcus is so densely functional that it has proved to be intolerant to precise discrimination of the seizure foci and functional brain. Despite structural imaging and invasive intracranial monitoring,
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devastating deﬁcits may result from millimeter-sized errors during resection under general anesthesia. Such errors may result not only from assumptions about regional brain anatomy but also from the mechanical shifts in brain tissue that occurs during the resection itself [3]. Awake craniotomy with realtime neurocognitive testing is the most reliable method to preserve critical function. Although an awake resection still does not result in seizure freedom in every candidate, the technique has become widely considered the best balance of beneﬁt and risk for patients with epileptic foci in eloquent brain. Operation for elimination of seizures in modern medicine was ﬁrst described by Victor Horsley in 1886. In the ﬁrst half of the 20th century, electroencephalography (EEG) was developed and reﬁned to detect seizures, and yet relatively few patients underwent operative treatment until the 1980s. This rather slow evolution in technique reﬂects both the development of reliable cortical language mapping and advancement in the understanding of epilepsy and its treatment [4–6]. In the late 1980s, a number of manuscripts on seizure resection began to appear in the neurosurgical literature and the procedure gained popularity [7–12]. Since then, advances in structural imaging, functional testing, and improved surgical methods including microsurgery and stereotaxis have allowed resection of lesions previously unidentiﬁed (cryptogenic epilepsy) with improved safety and accuracy [13]. Awake craniotomy with serial neurocognitive examinations to guide resection in eloquent areas is currently considered the gold standard for optimal focus resection.



Indications for awake operative resection of seizure focus Although intracranial operation itself carries inherent risks, these risks do not outweigh the ongoing morbidity and mortality of uncontrolled epilepsy. These include accidental self-injury, depression, cognitive decline, social impairment, and sudden unexplained death. At least two retrospective trials and one prospective randomized controlled trial for mesial temporal lobe epilepsy (a common type of resectable epilepsy) showed that the morbidity and mortality associated with resection was less than that associated with the disorder [14–16]. The patient with epilepsy is considered a candidate for resection when two criteria are met: a suﬃcient trial of antiepileptic drugs has failed to attain adequate control, and when there is reasonable likelihood that an operation will beneﬁt the patient. The ﬁrst of these two criteria has evolved over recent years from earlier recommendations that a patient must have tried all combinations of antiepileptic drugs before becoming eligible for surgery. With the large number of available antiepileptic drugs, this process would take decades and it is no longer deemed necessary before considering operative intervention. Judging the adequacy of antiepileptic drug trials for a given patient must be done in the context of the prognosis and severity of
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the speciﬁc epileptic type [17]. In most centers, several members of an interdisciplinary team including neurologists, neurophysiologists, social workers, radiologists, and neurosurgeons contribute expertise to decide whether a patient meets these criteria. Surgical treatment is most beneﬁcial for patients with partial epilepsy caused by discrete structural lesions (benign or neoplastic) and speciﬁc surgically remediable syndromes, including mesial temporal lobe epilepsy, which is described as the most common type of epilepsy and the most refractory to pharmacotherapy [15,18,19]. Lesions or foci are commonly located in the temporal lobe and may be in or near functional cortex, depending on the hemisphere. Eloquent cortex includes Wernicke’s speech area in the dominant temporal lobe, Broca’s speech area in the dominant frontal lobe, and the motor strip. Areas associated with memory, both verbal and visuospatial, have also been mapped to the temporal lobes, although intraoperative testing of these functions has proved complex and time-consuming [20]. When intraoperative brain mapping requires neurologic assessment of speech or other function, an awake procedure is indicated to achieve maximal resection of epileptic cortex with maximal preservation of function. Compared with resection under general anesthesia, beneﬁts of awake craniotomy have been reported to include (1) better preservation of language function [21]; (2) some prediction of seizure-free outcomes, based on corticography [21,22]; (3) shorter hospitalization [23,24], and thereby reduced cost [25]; (4) decreased use of invasive monitors [23,26,27]; and (5) decreased postoperative anesthetic complications including nausea and vomiting [28]. Data have not shown that seizure-free outcomes are any greater with resections done in awake resections with corticography versus those done under general anesthesia. An additional beneﬁt gained from awake intraoperative mapping has been a better understanding of human neuroanatomy and function. Preoperative testing to localize seizure focus A wide array of testing modalities is used to plan neurosurgical intervention accurately. Although these have shown great advancement in recent decades, none has obviated the need for intraoperative, awake patient monitoring when eloquent function near the central sulcus is involved. When language function is potentially at stake, initial testing includes a Wada’s test to determine hemispheric dominance. Unilateral intracarotid injection of a barbiturate (amobarbital) localizes language function by hemisphere and determines whether language neocortex is at risk. Neuroradiologic imaging and electrophysiologic monitoring are the two pillars of seizure focus localization. MRI has largely replaced CT for its superior structural brain imaging and is used routinely. Functional MRI has further improved noninvasive identiﬁcation of functional areas [29,30]. The sensitivity and speciﬁcity of MRI alone, however, is not great enough to
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guide resection in language neocortex accurately. Box 1 includes current diagnostic tests for localization of epileptogenic foci [31,32]. Radiologic adjuncts to MRI include positron emission tomography and single-photon emission CT. Positron emission tomography reﬂects brain glucose metabolism. If the scan is obtained during seizure activity hypermetabolism is found at a seizure focus, whereas interictally, hypometabolism is the typical ﬁnding in the region of a seizure focus. Single-photon emission CT, which demonstrates blood ﬂow in the brain, is done within seconds of seizure initiation and requires immediate radionucleotide availability and intravenous access. A newer, more accurate way of using single-photon emission CT is subtraction ictal-interictal single-photon emission CT, which is then coregistered to MRI to indicate the cortical area of seizure initiation [31]. In addition to radiologic imaging, surgical candidates usually undergo invasive or noninvasive EEG localization. Diagnostic EEG is used in a variety of ways to localize epileptic activity and to test areas of normal cortical function (see Box 1). Precise surgical planning for seizure focus resection requires greater accuracy than scalp electrocorticography (ECoG) allows. Smaller strip electrodes and can be used to determine laterality of seizure initiation and may be placed by burr holes, whereas more speciﬁc localization of epileptic activity is done by subdural grid electrodes (arrays of recording electrodes more than one column wide), which are placed directly on the brain surface by open craniotomy. Inpatient continuous video-EEG, or outpatient EEG mapping, and intraoperative EEG can then be accomplished and the surgical approach planned. Surgical procedure Not all operations for epilepsy require an awake craniotomy. Temporal lobe operations may involve removal of only the structural lesion and associated epileptogenic cortex, cortical resection alone, excision of the amygdala and hippocampus, or removal of the entire anterior temporal lobe with the extent of posterior resection dependent on dominance. Only when intraoperative speech, motor, or other function (memory, vision) must be identiﬁed is an awake procedure required. Details of neurosurgical technique and decision-making are beyond the scope of this article; however, several general points are of relevance to the anesthesiologist. Although craniotomy, surface, or depth ECoG, and resection may be done in one procedure, it is often performed in two separate operations. In this approach, a craniotomy for placement of subdural grid electrodes is usually done under general anesthesia, although awake craniotomy for grid placement guided by cortical stimulation (to identify the sensorimotor cortex and to reproduce the patient’s aura) has been described [33]. Postoperatively, a period of ictal electrocorticographic recordings and cortical stimulation further delineate the site of seizure onset and
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Box 1. Diagnostic tests used in evaluation for resection of epileptogenic foci Tests of epileptic excitability Noninvasive EEG Video EEG, long-term monitoring Outpatient long-term EEG monitoring Invasive EEG Intraoperative electrocorticography Stereotactic depth-electrode, long-term recording Subdural grid or strip, long-term recording Ictal single-photon emission CT Subtraction ictal single-photon emission CT coregistered to MRI Functional MRI* Interictal and ictal magnetoencephalography* Tests for structural abnormalities X-ray films, CT, and other radiographic studies MRI Magnetic resonance spectroscopy Tests for functional deficit Interictal positron emission tomography Interictal single-photon emission CT Neuropsychologic batteries Intracarotid amobarbital (Wada’s test) Interictal EEG Magnetic resonance spectroscopy Interictal magnetoencephalography* Tests of normal cortical function (cortical mapping) Intraoperative electrocorticography Extraoperative subdural grid recording Intracarotid amobarbital (Wada’s test) Positron emission tomography Functional MRI Magnetoencephalography* Magnetic source imaging, or magnetoencephalography coregistered to MRI* * Considered experimental for this indication. Adapted from Engel J Jr. Surgery for seizures. N Engl J Med 1996;334:647–52.
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functional anatomy. Return to the operating room occurs days to weeks later for grid removal and deﬁnitive resection of the epileptogenic center. This is when the awake technique is most often required. For a temporal lobe lesion, a temporal incision is made, a bone ﬂap elevated, and the dura incised to expose up to 6 to 7 cm of the anterior temporal lobe. Stereotactic techniques correlating exposed brain to three-dimensional MRI may be used. A limited resection of epileptogenic brain is performed with guidance from cortical stimulation (ECoG) (Fig. 1). Function is continuously monitored during resection. When ECoG is used to reproduce a seizure aura, iced saline may be subsequently administered directly on the cortex to stop the epileptic activity. Usually, an operating microscope is used. Closure of the dura, bone ﬂap, and scalp is routine. Surgical complications include injury to the brainstem, third and fourth cranial nerves, and either the middle cerebral or posterior cerebral arteries. Pathologic diagnoses of identiﬁable seizure foci include mesial temporal sclerosis; neoplasm (glioma, ganglioma, hamartoma); and a wide variety of other epileptogenic lesions including glial scar caused by trauma or infarct, neuroﬁbromatosis, tuberous sclerosis, cysts, and arteriovenous malformations. Outcomes are dependent on the type of epileptogenic lesion targeted, but in one large trial in patients with temporal lobe epilepsy, up to 60% were free of seizures 1 year [14]. Patient selection and preoperative evaluation Attention should focus on issues critical for the awake patient, particularly mental maturity and the airway. Candidates for awake craniotomy



Fig. 1. Open craniotomy showing the cortical surface of a patient with bipolar stimulation using an Ojemann bipolar stimulator while testing appropriate neurologic function in an awake patient. Cortical labels shown include A (arm), F (face), and H (hand). (Courtesy of Fredric B. Meyer, MD.)
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are initially selected by the neurosurgeon for both medical and psychologic readiness. The decision to proceed is then reached after careful preparation by neurologists and by the anesthesiologist and in discussion with the patient. Good rapport between patient and anesthesiologist, and among all members of the operating room team, cannot be overemphasized in making the procedure as safe and smooth as possible. Box 2 highlights considerations for preoperative evaluation. The importance of selecting a motivated, mature patient who is able to cope in a strange and stressful environment for an extended period of time is crucial. It has been said that the only absolute contraindication to the awake technique is an uncooperative patient [34]. Anxiety disorder, low tolerance for pain, or such psychiatric disorders as schizophrenia may preclude candidacy because there is very little pharmacologic rescue that can be oﬀered to the awake patient in pinion who has a psychologic crisis without sacriﬁcing the entire awake technique. Screening may include tests of concentration or personality inventory aimed at discovering traits incompatible with cooperative performance in the operating room. Claustrophobia, if severe, may complicate positioning because usually surgical drapes must hang



Box 2. Considerations for preoperative anesthetic evaluation of the awake craniotomy patient Patient cooperation Age and maturity Anxiety, claustrophobia, emotional stability Psychiatric disorders Airway Intubation history Airway patency (obesity, obstructive sleep apnea, asthma or other pulmonary disease) Airway examination (ease of ability to mask ventilate, insert laryngeal mask airway, intubate) Gastroesophageal reflux Epilepsy Form Frequency Treatment (medications taken) Intracranial pressure Nausea and vomiting Hemodynamic stability Adapted from Bonhomme V, Born JD, Hans P. Prise en charge anesthesique des craniotomies en e´tat vigile. Ann Fr Anesth Reanim 2004;23:391.
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very near the immobilized face and can cause a sense of smothering. Careful draping with a more open access to a patient’s face, or perhaps the intermittent use of cool air blown over the face, may minimize this fearful sensation [35]. Movement disorders may also compromise a motionless surgical ﬁeld, although one case report describes the use of regional blocks to eliminate involuntary extremity movements in a patient with unilateral spontaneous movements [36]. The airway and comorbidities aﬀecting the airway must also be carefully considered. Ease of mask airway, Mallampati score, and other predictors of diﬃculty with laryngoscopy, and intubation history should be assessed with an eye to the potential for obstruction, wheezing, or other compromise. The anesthesiologist must plan for emergent laryngoscopy, perhaps in a diﬃcult position because of surgical drapes or pinion, and ensure all necessary equipment is immediately at hand. Obstructive sleep apnea has been suggested as an absolute exclusion criterion [37]. Obesity, gastroesophageal reﬂux, and chronic cough or wheezing may be relative contraindications depending on severity. Intracranial pressure must be adequately controlled because brain relaxation by hyperventilation is not attainable in a sedated, spontaneously breathing patient. Type and frequency of seizures, medication regimen, and serum levels, if applicable, may limit candidacy. Other factors including size of tumor, hemorrhagic risk, and hemodynamic stability are considered in conjunction with the surgeon. As with any type of anesthetic, anticipation of speciﬁc diﬃculties is a mainstay of care in the awake craniotomy. Peripheral access sites should be assessed during the preoperative examination and the need for arterial cannulation and urinary catheter placement discussed with the patient if these are to be used.



Patient preparation Patient preparation is usually extensive. The neurosurgeon ﬁrst describes the procedure and explains the rationale for awake testing. As described by Jaskelainen and Randell [25], although awake brain surgery initially sounds frightening to a patient, once its purpose is carefully explained and reassurance given, the response is usually one of acceptance or even relief [34,38, 39]. After initial preparation with the surgeon, neurologists, neurophysiologists, and speech pathologists review speciﬁc language testing (naming, reading, repeating, responding) or motor testing (facial and extremity movement) that are done in the operating room. Reports of language mapping in bilingual patients suggest that with adequate preparation, testing both languages of ﬂuency can be accomplished in a time-eﬃcient way intraoperatively [40,41]. Likewise, children as young as 9 years are reported to tolerate awake craniotomy with good screening and preparation [42]. A developmentally delayed 16-year-old patient described as ‘‘very
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cooperative’’ also underwent an uneventful awake craniotomy for intractable seizure disorder [43] highlighting the importance of a motivated, cooperative patient. In some centers a test run of patient positioning and language testing in the operating room is done the day before surgery [37].



Positioning Positioning of the awake patient is paramount. The anatomy of interest to all involved (anesthesiologist, surgeon, neurologist, and neurophysiologist) is the patient’s head, and access to the surgical ﬁeld, airway, speech, sight, and facial expression must all be made possible without causing the patient to feel smothered. The patient must remain in rigid pinion ﬁxation, or at a minimum, lie motionless on an operating table for several hours. If pinion or epidural skull clamp ﬁxation is not used (necessary for stereotactic techniques), the patient’s head may rest in a donut-shaped gel pad or other conformed pillow, but must nonetheless remain immobile for several hours [44]. Both the supine and lateral positions are described, without report of diﬃculty. When the supine position is used, the head is turned to expose the temporal lobe and to allow gravity to aid frontal lobe retraction (Fig. 2). A reasonably soft mattress, padding of the extremities, and avoidance of extreme head rotation allow the patient to remain still, and provides protection from injuries of stretch and pressure. A wide open geometry of



Fig. 2. A patient is positioned in pinion and Mayﬁeld head holder with his head turned. The skin incision is marked and local inﬁltration of the scalp is in progress while patient is sedated. Nasal cannula for oxygen is taped to the face. The electrocorticography technician is in the background. (Courtesy of Fredric B. Meyer, MD.)



544



ERICKSON & COLE



surgical drapes helps to minimize claustrophobia, whereas suﬃcient blanket coverage and forced air warming blanket maintains modesty and body temperature (Fig. 3). This arrangement also allows eye contact with the patient and provides a clear view for the patient to name objects or pictures. If motor testing is to be done, a clear view of the patient’s arm, hand, and face is important. In some centers a microphone is placed near the patient’s head or a video camera records the patient’s face for viewing by the surgical team [45,46].



Monitoring Little more than routine monitoring is often necessary. Because neither laboratory assessment nor beat-to-beat blood pressure monitoring is usually indicated intraoperatively, the presence of medical comorbidities should guide this determination. Certainly, end-expired carbon dioxide (CO2) monitoring is essential both to airway vigilance and prevention of cerebral edema and increased brain volume. End-expired CO2 is monitored during the awake portion if a nasal cannula with a CO2 aspiration channel or face mask is used. When exhaled gas recordings are unreliable or diﬃcult to measure, the arterial catheter may provide an ability to monitor blood gas CO2 intermittently. Processed EEG monitoring, such as bispectral index, is reported as a guide for infusion anesthesia or total intravenous anesthesia [47–49], although the potential advantage seems rather minimal because it is only useful during the brief periods during general anesthesia when subdural grid recordings are not in use. A urinary catheter, if used, may be placed under sedation and prevents discomfort caused by bladder distention.



Fig. 3. A patient is positioned in pinion and surgical drapes awake and is undergoing motor testing of the left upper extremity. (Courtesy of Fredric B. Meyer, MD.)
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Expanded role of the anesthesiologist With any awake patient, and perhaps especially during an awake craniotomy, the role of the anesthesiologist broadens from clinician and physiologist to encompass the roles of coach, conﬁdant, and interpreter. Unlike other cases in which the patient is awake or in which a wake-up test is used, the duration of required alertness is long (usually less than 1 hour but may be up to several hours); the head immobilized; the drapes large; and the options for managing unplanned events limited. The anesthesiologist must pay close attention to details of patient well-being. Beyond making frequent inquiries of the patient, the anesthesiologist must remain vigilant of the patient’s rate and depth of breathing, skin color, and facial expression. The anesthesiologist may need to facilitate patient communication with the surgeon and give encouragement to ensure the patient continues to cope well emotionally. This type of anesthetic care is perhaps reminiscent of an earlier time in anesthetic history, but shifting emphasis to such bedside skills is exceptionally eﬀective in managing the awake craniotomy.



Anesthetic management A variety of anesthetic techniques have been described to safeguard the airway and to provide good operative conditions in an awake state during the critical portion of eloquent brain mapping. Currently, the two main themes in the literature are a technique known as ‘‘asleep-awake-asleep’’ (AAA) and monitored anesthetic care with conscious to moderate sedation. Although no generally accepted guidelines for managing such cases exist at this time, it has been suggested that monitored anesthetic care should be the standard approach [3]. Neuroleptic analgesia is also described but is no longer widely used for awake craniotomy, because the technique is associated with excessive sedation and a higher incidence of pain and seizures [26]. Newer medications, such as dexmedetomidine, propofol, and remifentanil, are shorter-acting, provide better pain control, result in fewer adverse eﬀects, and aﬀect neurocognitive testing comparatively little versus such drugs as droperidol [26,50–52]. Premedication The goal of premedication is most often to achieve anxiolysis without oversedation. Other goals may include prevention of nausea, seizure, reﬂux, pain, hemodynamic instability, or other adverse eﬀects. Oral clonidine, midazolam, alprazolam, and droperidol have all been used to provide anxiolysis and some amnesia of initial events, although oversedation may be a risk with even small doses of any of these. Clonidine, an a2-agonist, provides blood pressure control and is less likely to induce cognitive impairment. Midazolam may help prevent nausea [53,54]. Benzodiazepines may
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occasionally produce paradoxical agitation. For this reason, and not to risk oversedation and compromise of the neurologic examination, most anesthesiologists do not routinely administer any sedative premedication [55,56]. Metoclopramide, ondansetron, ranitidine, and sodium bicitrate, or similar medications in these classes, may be administered for prevention of nausea, reﬂux, or aspiration pneumonia. Depending on the frequency of seizures, a patient may receive an oral loading dose of phenytoin or other antiepileptic drugs. Dexamethasone may be administered for elevated intracranial pressure or prevention of nausea [57]. Acetaminophen was administered routinely in one trial for mild analgesia [38]. If dexmedetomidine, a selective a2-agonist, is chosen for intraoperative use and a loading dose is planned, glycopyrrolate may be helpful as a premedication to prevent bradycardia and hypotension. Further premedication should be tailored to a patient’s comorbidities. Local anesthetics With any anesthetic technique for awake craniotomy, adequate local anesthesia is critical to minimizing opioid and sedative requirements and avoiding airway compromise. The neurosurgeon often depends on consultation with the anesthesiologist to determine maximal dose limits for the local anesthetic. Bupivacaine, levobupivacaine, and ropivacaine are chosen for their long duration, lasting approximately 6 to 8 hours. Levobupivacaine and ropivacaine are reported to have less cardiac and neurotoxicity in animals [58]. The maximum dose of bupivacaine should not exceed 3 mg/kg with or without epinephrine. Analgesia is used at the pinion sites (if threepoint rigid pinion ﬁxation is used); scalp; and dura. Reinﬁltration at closure, although several hours later, is usually not necessary because of the duration of local anesthetic and institution of moderate sedation and analgesia or general anesthesia. An alternative to local ﬁeld block by the surgeon is the use of regional nerve block of the scalp. Girvin [59] described performing scalp blocks for awake craniotomy by targeting the six nerves supplying the scalp bilaterally at their most proximal points on the head. These include the greater and lesser occipital nerves, the greater auricular nerve, the auriculotemporal nerve, the zygomaticotemporal nerve, the supratrochlear nerve, and the supraorbital nerve. Recent reports of successful scalp blocks performed in this method for awake seizure focus resection describe the use of bupivacaine 0.25% [38,60], levobupivacaine 0.5%, and ropivacaine 0.75%, all with epinephrine [61,62]. In the descriptions of levobupivacaine and ropivacaine, volumes of 30 to 35 mL were used with additional inﬁltration of small volumes of the local anesthetic at the pinion sites, and at skin incision, 40 to 60 minutes after scalp block. Peak plasma concentration of these agents occurred at 15 minutes and no seizures or other signs of toxicity were reported [61,62].
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Asleep-awake-asleep technique The AAA technique calls for general anesthesia, with or without the use of an airway, during the opening and closing portions and emergence of the patient in the interim. This has also been described as a prolonged wake-up test with removal and replacement of an airway device. Most often the patient is induced with propofol and a short-acting opioid, pulses of fentanyl or a remifentanil infusion, and in some centers target-controlled infusions are used. Propofol infusion rates range from 75 to 250 mg/kg/min in reports. Sufentanil and alfentanil are cited less frequently, but are also easily managed opioids because of their short duration of action. Nitrous oxide may be added. A volatile anesthetic has been used by some for the initial craniotomy opening, although volatile anesthetic should be eliminated by the time ECoG testing is initiated. The rates of anesthetic infusion are adjusted to provide deep general anesthesia at beginning and end of the case, and a sleepy but responsive patient during testing. Propofol is turned oﬀ 15 minutes before ECoG recordings, because propofol has a predominantly suppressive eﬀect at sedative doses and interferes with ECoG interpretation [51]. Rates as low as 10 mg/kg/min, however, are reported not to interfere with EcoG [63]. More often, only a low infusion of opioid is continued during the awake portion, such as remifentanil, 0.01 to 0.05 mg/kg/min [37,63]. The rate of opioid infusion can be adjusted independently of propofol to improve patient comfort or alter the rate of the patient’s breathing during spontaneous ventilation. A laryngeal mask airway is the airway device most often used for the asleep portions because of its ease of insertion, removal, and reinsertion without changing the position of a patient’s head (and disruption of the surgical ﬁeld). Controversy as to whether the laryngeal mask airway represents a secure airway is by no means settled, but in this arena, case reports and chart reviews report low complication rates for using the laryngeal mask airway as an airway device in the spontaneously breathing patient, and a backup for airway control in case of respiratory crisis [34]. One report describes the use of muscle relaxant (atracurium) and mechanical positive pressure ventilation by the laryngeal mask airway for cranial and dural opening following which the patient is allowed to breathe spontaneously [43]. Although this provides good patient comfort and satisfaction, even complete amnesia for the procedure, signiﬁcant sedation can interfere with intraoperative testing. In earlier reports, placement of a cuﬀed endotracheal tube is described, including the technique of extubation and reintubation over a tube exchanger [64], although this may interfere with language testing or, at a minimum, with patient comfort. Fiberoptic intubation is an option for replacement of a cuﬀed endotracheal tube in pinion ﬁxation. Monitored anesthesia care The more commonly advocated technique (over AAA) is monitored anesthesia care, also called conscious sedation, for the opening and closing
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portions of the procedure. Pulses or infusions of many of the same medications (propofol, and fentanyl and its analogs) are used as for the AAA technique but at lower doses. Recently, the a2-agonist dexmedetomidine has also become a popular choice for monitored anesthesia care during awake craniotomy. Monitored anesthesia care perhaps better achieves the goal of providing a smooth transition to alertness, and obviates the diﬃculties of airway intervention. Oxygen by nasal cannula or face mask is used. The airway is not manipulated, although a nasal trumpet or oral airway can be helpful for the patient with obstructive breathing [27]. Target-controlled infusions or patient-controlled administration methods have been used [47,52]. Midazolam is a frequently reported adjunct. Suggested doses of remifentanil range from 0.03 to 0.09 mg/kg/min [39,63,65]. Propofol doses are often between 30 and 180 mg/kg/min [39,42,43,63,65]. When the dura is opened, some authors advocate continuing a low-dose infusion of remifentanil or dexmedetomidine throughout the awake portion to achieve a state in which the patient is relaxed but fully arousable to perform testing and respond to questions. Doses in the range of 0.005 to 0.01 mg/kg/min for remifentanil or 0.02 to 0.5 mg/kg/h for dexmedetomidine are described for use in manner [34,41,48,49,55,60,63,66,67]. This does not often interfere with cognitive testing or cortical mapping. Many anesthesiologists prefer to not administer any sedation during the period of testing, however, to prevent the possibility of any confounding variables. If propofol and remifentanil are used, propofol is turned oﬀ 10 to 15 minutes before testing or cortical mapping, and the remifentanil infusion is stopped (or decreased to the low rate above) about 2 minutes prior. Sedation is deepened again once all testing is completed, and is maintained until skin closure. Just before emergence a dose of longeracting opioid is sometimes administered, such as 5 to 10 mg of morphine [34,63], for postoperative analgesia. Johnson and Egan [63] used pharmacokinetic simulations to show that rapid decreases in eﬀect site concentration are achieved by such infusion management during awake craniotomy. Medications Several speciﬁc medication eﬀects have been studied with regard to awake craniotomy for epilepsy. Although most data are from small or retrospective studies, such insight can provide some guidance in management of the awake craniotomy patient. Propofol, although providing good patient satisfaction, and antiemetic and antiepileptic eﬀects, may cause oversedation and poor operating conditions. Propofol is associated with hypoventilation (higher CO2 and greater brain volume), although this is less of a problem when a target-controlled infusion is used or when opioids are not added [34,52]. Largely opioid-based techniques are associated with increased reports of seizures and nausea [56]. Among opioids, none of the short-acting fentanyl



ANESTHETIC CONSIDERATIONS FOR AWAKE CRANIOTOMY



549



congeners, including the ultra short-acting remifentanil and alfentanil, used for awake craniotomy has been shown to be superior to its peers. Comparisons of fentanyl with sufentanil and alfentanil, and remifentanil with fentanyl, do not show any diﬀerences in complications and all provided good clinical conditions [39,56]. The desirable brevity of action common to these opioids may require the use of a longer-acting opioid for postoperative pain control. The problems of respiratory depression, increased brain volume, airway obstruction, and desaturation are common to all opioids. Dexmedetomidine, the selective a2-agonist with anesthetic-sparing eﬀect, has been used for both monitored anesthesia care and AAA management of awake craniotomy since the ﬁrst case report by Bekker and colleagues in 2001 [41,48,49,55,60,66–68]. Dexmedetomidine has been used as a rescue drug when a prolonged mapping interval (89 minutes) began to cause agitation in a patient receiving remifentanil [60]. The successful use of dexmedetomidine has even been reported in children as young as 12 years [41,49]. Dexmedetomidine is more titratable than clonidine, provides analgesia with minimal respiratory depression (little risk of hypocapnia), anxiolysis without agitation or hangover eﬀect, and hemodynamic stability. Lower doses are suggested for awake craniotomy, because higher doses can impair patient responsiveness [69]. It may be used alone for sedation and analgesia, or with volatile, nitrous oxide, or total intravenous anesthesia as an adjunct to smooth induction, and emergence. The main disadvantages of dexmedetomidine include hypotension and bradycardia, which are reported to be dose-related and treatable, if not preventable [70]. A salient point regarding a2-agonists for neuroanesthesia is the reduction in regional and global cerebral blood ﬂow that results from cerebral vasoconstriction [71]. Although there is some evidence of cerebral protection in rabbits and rats by the drug [72,73], this report of sustained decreased cerebral blood ﬂow suggests that dexmedetomidine may be detrimental to patients at risk of cerebral ischemia. Reduced cerebral perfusion pressure has also been reported in humans [74]. Although this has been cited as improving operating conditions (reducing brain edema) [67], it is recommended that a2-agonists be used with caution in patients who have elevated intracerebral pressure (Table 1) [70,77–81]. Complications Fortunately, complications are infrequent during and after awake craniotomy, because of the great amount of care taken with patient selection and preparation. Exact comparison with complications of craniotomy under general anesthesia is imperfect because of fewer, smaller studies of awake procedures. Nonetheless, less nausea and vomiting is reported in awake craniotomy, for tumors and for epileptic foci, likely related to use of propofol, lack of reversal medications, and lack of opioid use depending on the protocol used [27,28].
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Table 1 Common anesthetic medications and adjuvants and their associated epileptogenicity (anticonvulsant or proconvulsant activity) Medication



Epileptogenicity



Propofol Dexmedetomidine Thiopental Midazolam Diazepam Methohexital Ketamine



Anticonvulsant at sedative doses Possible anticonvulsant activity Anticonvulsant and proconvulsant in low doses Anticonvulsant Anticonvulsant Anticonvulsant and proconvulsant at low doses Proconvulsant and anticonvulsant in doses used to treat status epilepticus Proconvulsant and anticonvulsant in doses used to treat status epilepticus Likely no eﬀect on EEG, possibly mildly proconvulsant Anticonvulsant, possibly mildly proconvulsant Anticonvulsant, possibly mildly proconvulsant Not proconvulsant Anticonvulsant in low doses, proconvulsant in toxic doses Proconvulsant in patients with epilepsy



Etomidate Nitrous oxide Isoﬂurane Sevoﬂurane Desﬂurane Local anesthetics Opioids (fentanyl, remifentanil, alfentanil, sufentanil) Meperidine Droperidol Metoclopramide Ondansetron-granisetron Succinylcholine Vecuronium-Rocuronium Atracurium-cisatracurium



Metabolite normeperidine is proconvulsant No eﬀect on EEG, although may lower seizure threshold No eﬀect on EEG No eﬀect on EEG No eﬀect on EEG No eﬀect on EEG Metabolite laudanosine is theoretically proconvulsant



Abbreviation: EEG, electroencephalography.



Airway complications and desaturation, not surprisingly, occur more frequently during awake craniotomy, because sedation is used in conjunction with an unprotected airway. In a recent large retrospective review, 0.6% of patients under AAA technique had airway complications (requiring intubation, laryngeal mask airway, or nasal airway), two thirds of whom were obese [27]. None had any adverse sequelae. Incidence of many of these complications has been shown to have decreased in recent years with increased experience [27,34,75]. Although some reports describe up to 16% of cases require intubation [37], others have found that the need for intubation during awake craniotomy to be very rare [76]. Likewise, hypoventilation and increased brain volume is a reported complication of awake craniotomy. Brain swelling may interfere with resection and dural and cranial closure. The large review of complications by Skucas and colleagues [27] reported two of 332 propofol-based AAA cases involved brain swelling caused by hypoventilation. It was thought that only one of
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the two (who sustained a signiﬁcant hemorrhage with dural opening) suffered an adverse event as a result of increased brain volume. A prospective trial included 1 of 25 patients who required emergent intubation for brain swelling with no further sequelae after conversion to general anesthesia [37]. Others report hypoventilation but no detrimental increase in brain volume [34,52,75]. Intraoperative seizure is an expected risk in this population. Although reports suggest this occurs as frequently under general anesthesia [27], an unchecked seizure in an awake patient in pinion with an unsecured airway is potentially more detrimental. Fortunately, seizures stimulated by cortical mapping are usually aborted by the surgeon stopping the stimulation or delivering ice-cold saline directly onto the cortical surface. Seizures that are spontaneous or do not stop with these measures are treated with small doses of benzodiazepine, propofol, or barbiturate. Rarely do these require intubation. A postictal period may interfere with neurocognitive testing. Hemodynamic changes including hypertension, hypotension, and tachycardia were found to be more frequent, albeit not harmful to any patient when promptly treated, with awake craniotomy by AAA technique than under general anesthesia [27]. Patient agitation and movement can be managed by altering sedation medication and making other small changes in the patient’s immediate surroundings, such as temperature, amount of light, and padding, although occasionally more drastic measures including conversion to general anesthesia are necessary. The anesthesiology team must always be ready to treat emergence delirium quickly in patients being managed with AAA techniques. Rarely, there have been reports of violent emergence from anesthesia resulting in patient injury from struggling out of the head-holding device, and loss of intravenous access. Other reported intraoperative complications, including venous air embolism, in awake craniotomy patients are apparently no more frequent than in craniotomy under general anesthesia [77–82]. Complications are managed best if anticipated and prevented through patient selection, preparation, and appropriate premedication.



Summary A variety of anesthetic methods, with and without airway manipulation, are available to facilitate awake intraoperative examinations and cortical stimulation, which allow more aggressive resection of epileptogenic foci in functionally important brain regions. Currently, dexmedetomidine or alternatively propofol with fentanyl or remifentanil are the most commonly chosen regimens for seamless transition from the asleep or sedated state to alertness and back during craniotomy. Careful patient selection and preparation combined with attentive cooperation of the medical team are the foundation for a smooth awake procedure. With improved pharmacologic
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