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artery bypass surgery

Case report

We describe the case of a 47-year-old woman who was
admitted to another center with recurrent syncope events,
where she was diagnosed with moyamoya disease (MMD)
based on brain magnetic resonance angiography and
transfemoral cerebral angiography findings (Fig. 1). To rule
out a cardiogenic cause of recurrent syncope events, echo-
cardiography was conducted, which revealed mild left ven-
tricular (LV) dysfunction, an LV ejection fraction of 40%,
and apical regional wall motion abnormalities. Two-vessel
disease was revealed by coronary angiography (CAG), after
which the patient was referred to Samsung Medical Center
for coronary artery bypass grafting (CABG) surgery.

When we reviewed the CAG results, we identified chron-
ic total occlusion lesions in the left anterior descending ar-
tery (LAD), 90% stenosis of the proximal left circumferen-
tial artery, and 50% stenosis in the right coronary artery
(RCA) (Fig. 2).

We performed off-pump CABG. The left internal tho-
racic artery was grafted onto the LAD and the right inter-
nal thoracic artery to the ramus intermedius and obtuse

Moyamoya disease (MMD) is characterized by progressive steno-occlusive lesions of the
distal or proximal branch of the internal carotid arteries, and cerebrovascular symptoms
are its major complications. Extracranial vascular involvement including the coronary ar-
tery has been reported, and some case reports have described variant angina or myo-
cardial infarction. However, no report has yet described a case of myocardial infarction
after coronary artery bypass grafting (CABG). Here, we present a patient with MMD who
suffered cardiac arrest caused by myocardial infarction due to a coronary spasm after off-
pump CABG and who was discharged successfully after treatment with a veno-arterial
extracorporeal membrane oxygenator and percutaneous coronary intervention.
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Fig. 1. Preoperative brain magnetic resonance angiography and
transfemoral cerebral angiography. (A) Steno-occlusive lesion of
the left distal internal carotid artery (white arrow). (B) At the distal
part of the steno-occlusive lesion, there are areas of collateral cir-
culation like a puff of smoke (white star).

marginal. Following our routine protocol, papaverine
wrapping for the graft vessels was done. Intraoperatively,
there were no significant events such as profound hypoten-
sion (refractory to volume loading or increments of medi-
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Fig. 2. Preoperative coronary angiography of unstable angina with
2-vessel disease. (A) Chronic total occlusive lesion in the left anteri-
or descending artery and proximal 90% stenosis of the left circum-
flex artery. (B) A 50% stenosis lesion of the right coronary artery.

cation doses) or metabolic acidosis. During the operation,
the total estimated blood loss was 1,500 mL and total input
volume was more than 3,500 mL.

After surgery, the patient was immediately admitted to
the cardiac intensive care unit (ICU). The initial vital signs
were as follows: systemic blood pressure, 90/62 mm Hg;
heart rate, 72 beats per minute; and normal sinus rhythm
under continuous intravenous infusion of norepinephrine
(0.15 pg/kg/min) and dopamine (3 pg/kg/min).

One hour after ICU admission, significant ST depression
was observed on electrocardiography. Profound hypoten-
sion developed soon after, requiring incremental infusion
of inotropes, with continuous intravenous administration
of epinephrine (0.1 ug/kg/min), norepinephrine (0.1 ug/kg/
min), dopamine (3 ug/kg/min), and nitroglycerine (0.5 pg/
kg/min). Two hours after ICU admission, the patient’s vital
signs improved and the inotrope requirements decreased.
Three hours after ICU admission, the patient exhibited
pulseless electrical activity, and we immediately began car-
diopulmonary resuscitation. During cardiopulmonary re-
suscitation, a peripheral veno-arterial extracorporeal mem-
brane oxygenator (ECMO) was inserted, and the patient
was moved to the CAG room for evaluation.

Although, the graft vessels had good flow with no steno-
sis, newly appeared diffuse vasospastic lesions were present
in all 3 native coronary arteries. Intracoronary nitroglycerin
injection was sufficient to relieve the vasospastic lesions of
the LAD and left circumferential artery, but not sufficient
to relieve the RCA lesion. Despite repeated intracoronary
nitroglycerin and nicorandil injections, the vasospastic le-
sion of the mid-RCA was not relieved with thrombolysis,
under conditions of myocardial infarction grade 1 distal
tlow. Therefore, the attending cardiologist made the deci-
sion to perform stent insertion in the vasospastic lesion of

Fig. 3. Coronary artery angiography after extracorporeal mem-
brane oxygenator insertion. (A) An intractable vasospastic lesion
in the right coronary artery not relieved by repeated intracoronary
nitroglycerin injections (white arrow). (B) Successful percutane-
ous coronary intervention with stent implantation in the right cor-
onary artery (black arrow).

the RCA (Fig. 3).

On postoperative day (POD) 3, follow-up echocardiogra-
phy revealed that the LV ejection fraction was 40% and
that there were no new regional wall motion abnormalities.
At this time point, the patient’s vital signs were relatively
stable and the requirements for inotropes had declined.
Three days after CABG surgery, surgical removal of ECMO
and open vascular repair were successfully performed. On
POD 13, further follow-up echocardiography showed im-
proved LV systolic function, with an ejection fraction of
55% and improved wall motion in the apical walls of the
LV.

During hospitalization, the patient had to be adminis-
tered antibiotics for 2 weeks because of a catheter-related
infection. The patient was discharged on POD 26 without
surgery-related complications. After discharge with dual
anti-platelet therapy (aspirin and ticagrelor), calcium-chan-
nel blockers (CCBs) (nifedipine and verapamil), and
statins, the patient visited the outpatient department 4
times every month. The patient underwent chest X-rays,
electrocardiography, and blood tests, including cardiac en-
zymes, and these tests showed no significant abnormal
findings.

The study was approved by the institutional review
board of Samsung Medical Center (IRB approval no.,
2020-09-026). The patient provided written informed con-
sent for the publication of the clinical details and images
associated with her case.

Discussion

MMD predominantly occurs in East Asian countries
such as Japan and Korea. The etiology of MMD is un-
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known, and the disease mainly manifests as ischemic or
hemorrhagic events [1]. In patients with MMD, histopatho-
logical changes of the pulmonary, renal, and pancreatic ar-
teries have been reported to be similar to the stenotic
changes that occur in the internal carotid arteries [2].
Rarely, coronary artery involvement in MMD can occur.
Kim et al. [3] reported the case of a patient with coronary
artery disease who underwent CABG and showed intimal
hyperplasia intraoperatively, reflecting a common manifes-
tation of vessels affected by MMD. The pathophysiology of
vasospastic angina or coronary artery disease (CAD)
among patients with MMD remains unclear, although the
involvement of genetic mutations has been reported [1,2,4].

Nam et al. [5] reported that 21 of 456 patients with
MMD had coronary heart disease, of whom 23.8% had
variant angina, which was a higher proportion than that
found in the general population with CAD. Coronary ar-
tery spasms have been reported sporadically in patients
with MMD. In most cases, such spasms occur without
triggers, but some facilitating factors exist, such as brain
surgery [6]. However, there have been no reports of intrac-
table vasospastic events and cardiac arrest occurring after
CABG surgery.

The patient in the current report had no known risk fac-
tors associated with CAD, such as diabetes mellitus, hyper-
tension, dyslipidemia, or smoking [7]. The patient already
took dual anti-platelet therapy and statins in the preopera-
tive period. The period between diagnosis and surgery was
less than 1 week, and the chance of progression of the RCA
lesions was extremely low. The deduction that the patient
developed an intractable vasospastic event associated with
MMD is therefore quite reasonable. Additionally, in the
immediate postoperative period, the patient had a relative-
ly hypovolemic status, and the use of vasoactive agents
could contribute to the situation.

The role of revascularization in vasospastic lesions re-
mains controversial [8]. In this case, the vasospastic RCA
lesion was not relieved by repeated intracoronary nitro-
glycerin and nicorandil injection at extremely high doses.
It is possible that vasospastic obstruction and mechanical
obstruction occurred simultaneously in the RCA lesion. In
addition, it was obvious that the patient was hemodynami-
cally unstable, requiring the support of veno-arterial
ECMO, and might have already had ischemic insults in the
myocardium. Because of time constraints, we could not
wait to see the effects of CCBs or nitrates. Therefore, we
and the cardiologist decided to perform stent insertion in
the intractable vasospastic lesion. It would have been pref-
erable for the patient to undergo follow-up CAG. However,
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because she was tired of the long hospital stay, she refused
to undergo CAG and was discharged after she had im-
proved clinically.

From a clinical point of view, active preventative mea-
sures should be taken for coronary spastic events in pa-
tients with MMD, such as perioperative administration of
nitrates or CCBs. If CAD is suspected, quick evaluation,
decision-making, and treatment (such as CAG or percuta-
neous coronary intervention) are critical. Special consider-
ation should also be given regarding the use of vasoactive
agents, such as norepinephrine, epinephrine, or vasopres-
sin, in patients with MMD, even during postoperative
management.

Although coronary artery spasms after CABG are not
frequent, they are always potentially life-threatening.
Therefore, it is important to keep in mind that MMD pa-
tients may be especially vulnerable to coronary spasms and
to try to reduce any modifiable triggers. Further studies on
the pathophysiology and treatment strategies for CAD in
patients with MMD are required, as these strategies are
likely to be different for MMD patients and the normal
population.
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