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Abstract

Moyamoya disease is an arteriopathy of the vasculature of the central 
nervous system that predisposes patients to cerebrovascular ischemia 
and thrombotic strokes. It is characterized by a progressive narrowing 
of the intracranial component of the internal carotid arteries as well 
as the proximal branches of the anterior and middle cerebral arteries 
thereby predisposing patients to episodes of cerebrovascular insuf-
ficiency. Moyamoya disease adds an additional level of complexity to 
the anesthetic care of patients undergoing major surgical procedures 
related to concerns of maintaining adequate cerebral perfusion and 
oxygenation. These patients may present with a history of transient is-
chemic attacks or cerebrovascular accidents with resultant neurologi-
cal deficits, cognitive delay and seizures at baseline. We present an 
18-year-old woman with moyamoya disease who required anesthetic 
care during a posterior spinal fusion for a neuromuscular disorder. 
Physiological parameter management intraoperatively is discussed 
and options for anesthetic care are presented with an emphasis on the 
use of near infrared spectroscopy to monitor cerebral oxygenation.
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Introduction

Moyamoya disease (MMD) is an arteriopathy of the vascu-
lature of the central nervous system (CNS) that predisposes 
patients to cerebrovascular ischemia and thrombotic cerebro-
vascular events [1]. It is characterized by a progressive nar-

rowing or stenosis of the intracranial component of the internal 
carotid arteries as well as the proximal branches of the anterior 
and middle cerebral arteries [1, 2]. Collateral circulation from 
branches of the intracranial carotid artery creates the character-
istic angiographic appearance that gives the disease its name. 
The characteristic angiographic appearance was called “moy-
amoya” after the Japanese expression for “something hazy just 
like a puff of cigarette smoke drifting in the air” [3]. Although 
once believed to be specific to the Japanese population, it has 
more recently been reported in patients of various other ethnic 
groups including those with specific comorbid conditions in-
cluding hemoglobin disorders such as sickle cell disease [4]. 
Given the multi-organ involvement of the disorder, comorbid 
conditions may arise that require surgical intervention. We pre-
sent an 18-year-old woman with MMD who required anesthet-
ic care during a posterior spinal fusion for neuromuscular sco-
liosis. Physiological parameter management intraoperatively 
is discussed and options for anesthetic care are presented with 
an emphasis on the use of near infrared spectroscopy (NIRS) 
to monitor cerebral oxygenation [5].

Case Report

Institutional Review Board approval is not required for publi-
cation of isolated case reports at Nationwide Children’s Hospi-
tal (Columbus, OH, USA). An 18-year-old woman with MMD 
and a history of left middle cerebral artery (MCA) infarction 
in the remote past presented for a posterior spinal fusion (PSF) 
with instrumentation, allograft placement and pelvic fixation 
due to severe neuromuscular scoliosis and hip subluxation. 
Other medical history included cerebral palsy with spastic 
quadriparesis, seizures, mixed receptive-expressive language 
disorder, asthma, gastric-tube dependence and sickle cell dis-
ease status after bone marrow transplantation. Prior anesthetic 
issues included difficult peripheral intravenous access, slow 
emergence, perioperative oxygen desaturations, and postop-
erative nausea and vomiting. She had no exposure to second-
hand smoke, immunizations were up to date and there were 
no allergies. A recent electrocardiogram and echocardiogram 
were unremarkable. Chronic medications included inhaled flu-
ticasone (2 puffs twice a day) and inhaled albuterol (2 puffs 
every 4 h as needed), docusate sodium (50 mg daily), zolpi-
dem (10 mg at bedtime), lacosamide (170 mg twice a day), 
glycopyrrolate (1 mg twice a day), levetiracetam (1,600 mg 
twice a day), folic acid (1 mg once a day), aspirin (81 mg once 
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a day), cholecalciferol (400 units once a day) and diazepam 
(10 mg rectally as needed for seizures lasting longer than 5 
min). In the pre-anesthesia assessment clinic, blood could not 
be obtained due to extreme difficulty obtaining venous access. 
Therefore, laboratory values including baseline hemoglobin 
and hematocrit as well as the type and cross were deferred un-
til the day of surgery. On the day of surgery, the patient was 
in her normal state of health and physical examination was 
unremarkable aside from developmental delay and spasticity. 
The patient was held nil per os for 4 h for clear liquids and 8 
h for solids except for her usual morning anticonvulsant medi-
cations. The patient was taken to the operating room and was 
placed on standard American Society of Anesthesiologists’ 
monitors while on the stretcher. In addition, bilateral cerebral 
oximeter probes (NIRS) were placed while the patient was on 
room air and prior to anesthetic induction with baseline meas-
urements obtained [5]. Baseline values while breathing room 
air were 83 on the left and 77 on the right. Additionally, depth 
of anesthesia was monitored using the bispectral index (BIS). 
Inhalation induction was performed with incremental concen-
trations of sevoflurane in 100% oxygen and a 20-gauge intra-
venous (IV) catheter was placed in the right hand. Propofol (50 
mg), rocuronium (30 mg) and midazolam (2 mg) were admin-
istered. Direct laryngoscopy was performed with a Macintosh 
3 blade and a 7.0 cuffed oral endotracheal tube was placed 
with a grade 1 view. A 14-gauge IV catheter was placed in 
the right basilic vein with ultrasound guidance and baseline 
laboratory values were obtained including a type and cross-
match. An arterial catheter was then inserted into the left radial 
artery in the forearm using ultrasound guidance. Due to the 
patient’s spasticity, a traditional radial artery catheter was not 
feasible, so the artery was accessed more proximally. Given 
the patient’s history of difficult IV access and expected long-
term hospital stay, a 5 French, 12 cm, double-lumen central 
venous catheter was then placed in the right internal jugular 
vein under ultrasound guidance. The neuromonitoring tech-
nicians then placed monitoring devices for motor (MEP) and 
somatosensory (SSEP) evoked potentials. Using a prone foam 
pillow, the patient was turned prone and placed on the Jackson 
table with the assistance of the surgical team. Extreme care 
was taken to ensure that all pressure points were padded and 
the patient was in as neutral a position as her body would al-
low. To facilitate neurophysiological monitoring, maintenance 
of anesthesia included desflurane (0.5 - 0.6 minimum alveolar 
concentration) titrated to maintain the BIS at 50 - 60 and a 
remifentanil infusion (0.1 - 0.3 µg/kg/min) [6]. Phenylephrine 
was used to maintain the mean arterial pressure (MAP) and 
NIRS values at baseline with an MAP in the range of 75 - 85 
mmHg. Throughout the course of the posterior spinal fusion, 
the NIRS monitor was used to ensure adequate cerebral oxy-
genation and guide MAP, ventilation and transfusion therapy. 
Decreases in the NIRS values corresponded with both blood 
pressure changes and decreases in the hemoglobin concentra-
tion. Throughout the case, the NIRS was maintained bilater-
ally at ≥ 60. At the end of the case, estimated blood loss was 
2,200 mL. Fluid and blood product therapy included 1,396 mL 
(4 units) of packed red blood cells (RBCs), 3,525 mL of cell 
saver blood, 315 mL (1 unit) of fresh frozen plasma (FFP), 
201 mL (1 unit) of pheresed platelets, 6,000 mL of crystal-

loid and 1,750 mL of 5% albumin. Postoperatively, the patient 
was transported to the pediatric intensive care unit (ICU). Her 
trachea was extubated a few hours later that same evening. 
Postoperative pain control was provided by nurse-controlled 
analgesia with hydromorphone and intermittent, fixed interval 
dosing of intravenous acetaminophen. She recovered well and 
was discharged from the hospital on postoperative day 8.

Discussion

Moyamoya disease was originally described in Japan, but 
more recent epidemiological studies note that the disease is 
found across all ethnicities, with an increased incidence in the 
Eastern compared to the Western hemispheres [7]. Although 
the incidence varies depending on the country, people of Asian 
descent tend to have an incidence of MMD similar to that noted 
in Japan regardless of their country of origin [7]. The female 
to male ratio is 1.8 and the overall prevalence in Japan is 3.16 
- 10.5 per 100,000 [7, 8]. Patients with MMD disease typically 
present during two distinct age ranges: the first being 5 - 10 
years of age and the second being 40 - 50 years of age [7]. 
Children typically present with ischemic events resulting in 
hemiparesis, sensory impairment or aphasia/dysarthria, while 
adults present with intracranial hemorrhage due to rupture of 
the collateral vessels that tend to be more fragile [7]. There 
is an additional subset of patients who are asymptomatic, but 
found to have the classical angiographic appearance of MMD 
on MRI/MRA [7-9]. There appears to be a genetic factor to the 
development of MMD involving the susceptibility gene ring 
finger protein 213 (RNF213) located on chromosome 17, al-
though the pathway from this abnormality to the development 
of MMD is unknown [7].

Treatment options include medical management with aspi-
rin to help prevent thromboembolic events as well as surgical 
management via pial synangiosis [7, 8]. Management options 
for asymptomatic patients are currently under prospective in-
vestigation in an ongoing clinical trial [9]. Surgical manage-
ment with pial synangiosis can be performed via an indirect 
revascularization with tissues containing the external carotid 
artery (ECA), including dura mater, temporal muscle, galeal 
tissue or superficial temporal artery, being placed on the brain 
with resulting enhancement of angiogenic factors from the is-
chemic brain [7, 8]. It can also be performed more directly 
by attaching the superficial temporal artery directly to the an-
terior cerebral artery or middle cerebral artery [7]. The latter 
provides immediate improvement of cerebral hemodynamic 
status, compared to the former which requires neovasculariza-
tion requiring approximately 3 months [7]. Pediatric patients 
with MMD have a higher risk of perioperative stroke when the 
indirect bypass technique is used; therefore, the surgical man-
agement may vary depending on the age of the patient [10].

Given the prominent CNS involvement of the disease pro-
cess, surgical interventions are frequently required to correct 
the sequelae including neuromuscular scoliosis as was seen in 
our patient. General perioperative concerns are addressed dur-
ing the preoperative visit. The presence of contractures and the 
history of multiple surgical procedures may lead to difficul-
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ties with vascular access as noted in our patient. Both arterial 
and central venous accesses were planned in our patient during 
this major surgical intervention to facilitate intraoperative and 
postoperative care and monitoring. Clinical experience has 
suggested the utility of ultrasound in facilitating central venous 
as well as peripheral venous and arterial access [11]. Addition-
ally, these patients may have an underlying seizure disorder 
related to previous strokes or episodes of cerebral ischemia. 
Routine anticonvulsant medications should be administered 
the day or surgery with ongoing intraoperative dosing [12]. In 
specific cases, alternatives may be required perioperatively for 
anticonvulsant medications that require oral administration. As 
noted previously, ongoing therapy with aspirin is frequently 
used to prevent stroke recurrence. For major surgical proce-
dures with bleeding risk, this therapy should be held for 5 - 7 
days prior to surgery to avoid effects on platelet function. Al-
though our general practice for posterior spinal fusion includes 
the intraoperative administration of tranexamic acid to limit 
intraoperative blood loss, given the theoretical concerns of 
thrombosis, no anti-fibrinolytic agents were administered.

During these major surgical procedures, alterations in 
ventilation, fluid status and myocardial function may alter the 
primary determinants of cerebral oxygen delivery thereby pre-
disposing these patients to further deterioration of their CNS 
status related to ischemia [11]. The primary goals for perio-
perative management include attention to parameters which 
control cerebral perfusion pressure and oxygen delivery in-
cluding MAP, hemoglobin concentration and the arterial par-
tial pressure of carbon dioxide (PaCO2). While hypocapnia 
clearly decreases cerebral blood flow, hypercapnia may dilate 
only the normal vasculature with an inadequate response in 
diseased vessels resulting in a steal phenomenon. Therefore, 
current recommendations including avoidance of hypocapnia 
or hypercapnia with maintenance of normocarbia during intra-
operative and postoperative care [13-15]. The potential impact 
of PaCO2 is illustrated by several reports. In a retrospective 
review of 15 patients, Samagh et al reported that patients with 
mean intraoperative end tidal carbon dioxide (ETCO2) values 
either less than 31 mm Hg or more than 35 mm Hg had a statis-
tically significant prolongation of hospital stay [14]. Changes 
in PaCO2 may impact the postoperative course as anecdotal 
and retrospective evidence demonstrates the potential for cer-
ebral ischemia to develop postoperatively related to hyper-
ventilation associated with agitation and crying [14-16]. In a 
review of 169 EDAS procedures in children, Matsushima et 
al reported cerebral infarction in 6 patients (3.6%) 6 patients, 
which were attributed to hyperventilation associated with cry-
ing during the postoperative period [17]. These issues man-
date close monitoring of neurological status in an ICU setting 
postoperatively with ongoing control of physiological param-
eters that regulate cerebral blood including PaCO2, MAP and 
hemoglobin concentration. Adequate pain control is essential 
to avoid agitation and crying related to pain or anxiety [13, 
14]. Nomura et al demonstrated the efficacy of protocols to 
treat pain and prevent crying with hyperventilation [16]. When 
comparing 14 surgical cases prior to these protocols with 11 
after the protocols were introduced, they noted a decreased in-
cidence of transient ischemic attacks from 28.6% to 3.7% and 
a decrease in the average postoperative hospital stay from 21.3 

days to 16.1 days.
In general, there is no clear evidence to suggest the ad-

vantage of any particular anesthetic technique or specific 
agents for the induction and maintenance of anesthesia in pa-
tients with MMD. Our technique was chosen based on our 
usual clinical practice to facilitate neurophysiological moni-
toring of spinal cord integrity [6]. Successful outcomes have 
been reported with both intravenous-based (total intravenous 
anesthesia or TIVA) and volatile-based techniques. The most 
important perioperative goals remain the close control or 
physiological parameters that control cerebral perfusion with 
maintenance of MAP, hemoglobin and normocapnia. Given 
the potential for the intraoperative alterations in the physi-
ological factors which affect cerebral oxygenation related to 
anesthetic and surgical care, we suggest that the NIRS moni-
tor can be used to assist in maintaining adequate cerebral per-
fusion especially during surgical cases where intraoperative 
fluctuations of physiological parameters are frequent. With 
such caveats in mind maintenance of adequate cerebral perfu-
sion can be facilitated to improve the perioperative outcomes 
of patients with MMD.
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