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Foreword

I have to admit that during the course of my professional career, I have not encountered anything as fascinating as moyamoya disease (MMD). I can still remember those days when MMD was considered a rare disease, mostly seen in patients from Japan, where it was originally described more than 50 years ago. It was fascinating to see the unusual cerebral angiograms of these patients, showing steno- occlusive changes to the brain-supplying arteries in combination with numerous newly formed small collateral channels at the base of the brain. These changes were difficult to comprehend, particularly when compared with vascular changes noticed in common cerebral ischemia. When it came to treating these patients, we had the option of choosing from a variety of procedures, again mostly introduced by our colleagues from Japan. These procedures were later on summarized under the broad category of “indirect cerebral revascularization.” Moreover, it was found more difficult from a technical point of view to perform an extraintracranial arterial bypass using the superficial temporal artery as the donor vessel. This was, however, not because the epicerebral recipient vessels were smaller in diameter in comparison to the situation in chronic cerebral ischemia. It was discovered later on that the cortical arteries in patients with MMD have a different morphologic design, with a thinner structure of the arterial wall, which in turn requires increased attention and a greater amount of skills when performing a direct end-to-side anastomosis.

Initially, we came across these patients only rarely, maybe two or three cases per year. But this has changed drastically over the years. At the end of my career, the number of patients with MMD had increased to about 30 to 40 per year, and it was no longer a local phenomenon. Meanwhile, sizable clinical series of patients with MMD have been published from centers all over the world.

So, what do we know now about MMD that we did not know 25 years ago? The lessons from clinical experience and related research data have further substantiated that MMD is a particular form of ischemic cerebral disease that can be differentiated from more common entities of cerebrovascular occlusive disease beyond characteristic angiographic findings. Based on functional studies, we now know that MMD is representative of hemodynamic cerebrovascular insufficiency. A further distinctive feature of MMD is the unique capability of the brain to create new collateral inflow channels to compensate for the impaired blood flow due to the underlying stenoocclusive process within the basal arteries. This is clearly illustrated in patients with advanced MMD, where angiographic findings demonstrate arterial collaterals from meningeal and even extracranial arteries, which is never observed in common cerebrovascular diseases. Considering this observation, surgical revascularization is the logical treatment of choice in patients with MMD.

In fact, it can be viewed as an enhancement of an underlying and ongoing natural process. Even in the absence of randomized clinical trials, it is now generally accepted that surgical revascularization is the only effective treatment for patients with MMD. This is further supported by clinical information derived from large postoperative follow-up studies.

It should be mentioned that this is good news for the field of vascular neurosurgery in general. It was not long ago that in the larger context of vascular neurosurgery, MMD was only mentioned under the heading “miscellaneous.” The situation is significantly different now; with extraintracranial bypass surgery for cerebral ischemia becoming obsolete, patients with cerebral aneurysms are increasingly being treated by interventional means, and patients with cerebral AV malformations are being referred to stereotactic radiosurgery. In view of these developments, it is difficult to provide a young colleague with an interest in vascular neurosurgery with good advice on what to do in the future, and I am happy that I do not have to answer this question for myself. However, I'm convinced that the management of patients with MMD will become more important in the future, especially in view of the fact that this disease is still underdiagnosed. It is also good to know that each patient with MMD is usually a candidate for two surgical procedures. There is obviously great potential for further research activities in relation to MMD.

This would not only include research on epidemiology and genetics of MMD but also on its pathophysiology, based on contemporary techniques of molecular biology and other techniques that have become available more recently. We require further information on questions such as what is the optimal surgical technique, if there is one, and if we should use different surgical approaches for pediatric and adult patients with MMD.

We also need more long-term follow-up studies involving our operated patients, and I am quite sure that there will be more surprises.

Finally, coming back to my personal fascination with MMD that I mentioned in the beginning, let me give you another example for purposes of illustration.

I found it most intriguing to study postoperative angiograms in patients who underwent a combined revascularization procedure 1 or 2 years earlier.

It was amazing to see the number and size of the muscular arterial branches that had ingrown and found connection with the cortical arterial network!

Sometimes, it is difficult to differentiate these newly formed muscular branches from the original extraintracranial arterial bypass. This is another unique feature of MMD, and one wonders if the identification of this mechanism or the isolation of the factor that enables this ingrowth of vessels intothe brain could be used for the treatment of other ischemic brain conditions as well.

I am grateful that my long-term coworker Peter Vajkoczy has obviously inherited this interest in MMD, and I will follow his future work with great interest.


Peter Schmiedek, MD
Emeritus Professor of Neurosurgery
Mannheim, Germany


Preface

Moyamoya vasculopathy (MMV) is a rare cerebrovascular disease that is characterized by bilateral progressive steno-occlusion of basal cerebral arteries, with the emergence of coexisting abnormal net-like vessels. In moyamoya disease, MMV is the single manifestation, whereas in moyamoya syndrome or quasi-moyamoya, MMV is associated with a potentially underlying disease such as a genetic disorder or other coexisting pathology. Although MMV is most frequent in Asian countries, it is ranked among the most frequent causes of stroke in children and adults across the world. The incidence of MMV is on the rise due to increasing awareness of the disease.

The relevance of surgical treatment of moyamoya disease by way of bypass revascularization is undisputed, which is in contrast to the surgical treatment of atherosclerotic carotid artery occlusion. The main aims of revascularization are to restore the blood supply to stabilize cerebrovascular hemodynamics and to regress the fragile moyamoya vessels in order to prevent bleeding. A successful improvement or normalization of cerebral hemodynamics will then result in secondary stroke prevention and improved neurological or neurocognitive outcome. Consequently, bypass surgery for MMV has become an integral part of the clinical practice of many microvascular neurosurgeons around the world. While the role of bypass surgery is well accepted, a versatile range of surgical techniques and strategies exists in the field, which makes it difficult to determine and appreciate the subtle nuances of the varied surgical strategies.

Therefore, it seemed logical to create an instructive manual for neurosurgeons with a step-by-step guide to the surgical techniques. The focus of this book is on introducing neurosurgeons (and other physicians involved in the treatment of these patients) to the different surgical techniques, to the inherent strengths and weaknesses of each technique, and to the surgical considerations that need to be kept in mind. We are grateful to the contributing authors, who are all authorities in their respective fields, for sharing their unique knowledge and expertise with the readers. The descriptions provided by each of them are characterized by an expert assessment of the distinct surgical techniques and their variations, as well as by a standardized illustration of the surgical steps. This book will thus serve as the key manual for everyone interested in the treatment of these complexities and for those who find it a rewarding experience to treat these patients.


Peter Vajkoczy, MD
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1 Perioperative Management and Considerations

Bettina Föhre and Susanne König



Abstract



Typically in patients with moyamoya disease (MMD), the cerebrovascular
reactivity and the cerebral hemodynamic reserve capacity are impaired, causing
transient ischemic attack (TIA) or stroke. Therefore the superior aim of anesthetic
management for revascularization procedures is to ensure the adequate perfusion and
oxygenation of the brain to avoid ischemic episodes.

Special attention is paid to maintain the systolic blood pressure
between 120 and 140 mm Hg perioperatively, to avoid hypo- and hypertension and to
ensure normoxemia, normocapnia, and normovolemia with
crystalloids.




The two concepts of a propofol-based anesthesia and an inhalational
anesthesia, either in combination with a short-acting analgesic agent, are both
established for surgery in moyamoya patients. The authors favor the total
intravenous anesthesia, because of the lower rate of postoperative nausea and
vomiting and the better preservation of the regional cortical blood flow in the
frontal lobe.

Postoperatively early extubation for an immediate neurological
assessment is usually attempted. It demands adequate analgesia and often the use of
alpha- or beta-blocking agents to ensure a smooth, stressless, and hemodynamically
controlled awakening.



Keywords: impaired hemodynamic reserve capacity, ischemic episodes, normotension, normocapnia, total intravenous anesthesia, early neurological assessment

1.1 Physiology

1.1.1  Basic Physiology of Cerebral Blood Flow




The normal cerebral blood flow (CBF) of 50 mL/100g/min-1
is dependent on cerebral perfusion pressure (CPP), i.e., the difference between
mean arterial pressure and intracranial pressure (MAP − ICP).




Three main principles regulate CBF: (1) flow-metabolism coupling,
(2) autoregulation, and (3) carbon dioxide (CO2) reactivity. In
regions of increased metabolic activity the local CBF is increased by
vasodilation of arterioles to deliver more oxygen and glucose, whereas
vasoconstriction is encountered in phases of diminished
activity.

In healthy adults, cerebral autoregulation keeps CBF constant
within blood pressure ranges between 50 and 150 mm Hg, thus preventing cerebral
ischemia. Cerebral vessels react to arterial partial pressure of carbon dioxide
(PaCO2) by responding to hypercapnia with vasodilation and vice
versa.


As described in the Monro-Kellie doctrine, the intracranial volume
is the sum of brain tissue, intracranial blood volume, and cerebrospinal fluid
and is limited by the non-expandable skull.

The ICP-volume curve is nonlinear and shows the relationship
between intracranial volume and ICP. When the initial intracranial volume is low
and compensatory mechanisms are not exhausted, an increase in intracranial
volume produces a small change in ICP. On the steep part of the curve a similar
increase of intracranial volume results in a large increase of ICP, resulting in
a decrease of CPP, respectively CBF (▶ Fig. 1.1).


[image: Basic physiology of cerebral blood flow.]

Fig. 1.1  
Basic physiology of cerebral blood flow.



1.1.2  What Is Different in Patients with Moyamoya Disease?


Moyamoya is characterized by chronic progressive stenotic to
occlusive changes in the terminal parts of the intracranial internal carotid
arteries including the proximal parts of anterior and middle cerebral arteries.
A compensatory fine vascular network is developed. Classically, moyamoya disease
(MMD) is present bilaterally, but may also develop unilaterally. In these
compromised areas, the cerebrovascular reactivity and the cerebral hemodynamic
reserve capacity are impaired, causing transient ischemic attacks (TIAs) or
strokes. 1
The risk
of impaired autoregulation may be even higher in pediatric patients. 2




Furthermore, the fragile moyamoya vessels are prone to hemorrhage.
Typically, CBF shows a paradoxic reactivity to a vasodilatory stimulus in the
altered areas. The altered moyamoya vessels are already maximally dilated to
provide adequate oxygen supply and perfusion to the brain tissue. These vessels
cannot react to a stimulus like hypercapnia the way normal vessels do. Thus, in
a hypercapnic state flow will increase in brain areas of preserved normal
vasculature and decrease in moyamoya affected vessels, leading to insufficient
perfusion. This regional redistribution of blood flow to healthy areas is called
“steal phenomenon” 3 and might
clinically present as a neurologic deficit.

1.2 Anesthesia

1.2.1  Choice of Anesthesia Technique



The superior aim of anesthesia for revascularization procedures is
to ensure adequate perfusion and oxygenation of the brain and to avoid ischemic
episodes. The ideal anesthetic agent should deliver smooth and hemodynamically
stable anesthesia, good operating conditions (“slack brain”), and a smooth and
rapid emergence to allow early neurological assessment. Cerebral perfusion
pressure should be maintained, autoregulation and CO2 reactivity
should be preserved.




There are some studies that have investigated propofol-maintained
versus inhalational-maintained anesthesia in adult patients undergoing elective
craniotomy. Both strategies were associated with similar brain relaxation,
although mean ICP values were lower and CPP values higher with
propofol-maintained anesthesia. The recovery profiles, e.g., eye opening,
tracheal extubation, obeying verbal commands, and orientation varied only in the
range of minutes without clinical significance. Also the incidence of
postoperative pain, seizures, and agitation were similar with both techniques.
Nevertheless, the incidence of postoperative nausea and vomiting (PONV) was
significantly lower during propofol-maintained anesthesia. 4


Concerning moyamoya patients, both anesthetic concepts are
established and no significant differences in patient outcome were noted. Rather
the carefully titrated induction drugs and good control of blood pressure,
oxygenation, and stability of CO2 level are determinative. 5


In authors’ opinion, there are some important arguments in favor of
total intravenous anesthesia: the lower rate of PONV, 6 the better preservation of the regional cortical blood
flow in the frontal lobe in comparison to sevoflurane, 7 the occurrence of steal phenomenon with inhalational
anesthesia, 8 and finally, a
positive practical experience with this technique for intracranial surgery over
the past 20 years in their center.

1.2.2  Preoperative Evaluation and Premedication



Patients with MMD often present with many other medical conditions,
which may impact anesthetic management. Therefore, a profound preoperative
anesthetic assessment is necessary and special attention should be paid to the
preexisting neurologic deficits and the neurologic physical status. Motor
deficits or epilepsy are signals of chronic ischemia. A history of frequent
TIAs, prolonged intermittent neurologic deficits, or stroke should draw
attention to an already impaired cerebral blood supply in these patients, and
has been identified as a significant risk factor for perioperative
complications. 9 Preoperative evaluation must also include the determination of the individual baseline blood pressure, which involves several measurements before the day of surgery. A comparative blood pressure measurement on both arms is recommended to exclude falsely low blood pressure measurement intraoperatively due to, for example, subclavian artery stenosis.


Hypertension is found in some patients as a compensatory mechanism
for cerebral vascular insufficiency. Caution is necessary when attempting to
treat an elevated blood pressure in these patients.

Special attention has to be paid to the patient’s chronic
medication. Anticonvulsive and antihypertensive medication should be continued
until the day of surgery.


Regarding the antiplatelet-medication in MMD patients, the practice
of continuing the medication varies among centers. The perioperative application of aspirin and the postoperative antiplatelet therapy have become controversial. Some centers are giving antiplatelet-medication while others have abandoned them. In our center we determine the effectiveness of
aspirin in each patient through a
platelet-function test. Thereby detected aspirin nonresponders receive
alternative antiplatelet agents. 10



Premedication should be prescribed carefully. Anxiolysis may be
necessary and beneficial in children with MMD, as crying should be strictly
avoided, because the resultant hyperventilation may lead to hypocapnia and
consecutively to cerebral vasoconstriction, resulting in cerebral ischemia. Vice
versa oversedation followed by hypoventilation should also be
avoided.


Midazolam is most often used for premedication, but other drugs can
also be used. 11


1.2.3  Monitoring


The American Society of Anesthesiologists (ASA) standard monitoring
should be extended to invasive arterial blood pressure monitoring and urine
output measurement. Anesthesiologists should consider placing the arterial line prior
to induction, especially if preexisting medical conditions prompt it, and if the
procedure is not considered too stressful for the patient.

Continuous arterial blood pressure monitoring intra- and
postoperatively is the key for keeping the blood pressure within a predefined
range
(see
Chapter 1.2.4).

Adequate venous access is essential and can be established by two
“well-running” intravenous lines. A central venous catheter is not mandatory but
should be considered in patients with very poor venous access or severe
coexisting medical conditions.
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