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Occlusion of Modified Blalock-
Taussig Shunt After Clopidogrel
Cessation
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It has been suggested previously that rebound hyperco-
agulability may be responsible for morbidity and mor-
tality following clopidogrel cessation in adults with
acute coronary syndrome. We report a case of acute
occlusion of a modified Blalock-Taussig shunt in an
infant after clopidogrel discontinuation.
(Ann Thorac Surg 2012;93:656—8)
© 2012 by The Society of Thoracic Surgeons

cute occlusion of a modified Blalock-Taussig shunt
(MBTS) is a potentially catastrophic complication.

A recent study showed that patients treated with clopi-
dogrel after acute coronary syndrome are at high risk of
acute myocardial infarction and death early after discon-
tinuation of the drug [1]. This finding suggested a possi-
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ble rebound effect associated with abrupt clopidogrel
cessation. We report a case of acute thrombosis of a
MBTS following clopidogrel discontinuation.

A male child was born at 40 weeks’ gestation with an
antenatal diagnosis of tricuspid and pulmonary atresia
and ventricular septal defect. At birth, echocardiography
showed several major aortopulmonary collateral arteries
(MAPCAs), atrial septal defect, tricuspid atresia, two
ventricular septal defects, small right ventricle, pulmo-
nary atresia, and right aortic arch. At 5 days of age, he
underwent cardiac catheterization, and at 7 weeks of age
he underwent unifocalization of all MAPCAs with aug-
mentation of the central portion using autologous peri-
cardium. A MBTS was performed between the left sub-
clavian artery and the unifocalized arteries using a
3.5-mm polytetrafluoroethylene graft. The operation and
postoperative recovery were uneventful, and the patient
was discharged 9 days later, receiving aspirin (5 mg/kg)
and clopidogrel (0.2 mg/kg). Oxygen saturations at dis-
charge were 75%.

At follow-up, at age 20 weeks, the child exhibited
dyspnea with oxygen saturations between 70% and 75%.
Echocardiography showed reduced flow in the left pul-
monary artery, and cardiac catheterization confirmed
stenosis of the left MAPCA as it passed over the left
bronchus. The decision was made to perform an addi-
tional left MBTS to the left neopulmonary artery. The
clopidogrel was discontinued in preparation for surgery,
but the operation had to be postponed because the child
developed viral conjunctivitis. Aspirin treatment was
restarted, but clopidogrel was not because of the immi-
nent surgery.

The child was taken to surgery 7 days later with an
oxygen saturation of 75%. After performing a left thora-
cotomy, he became increasingly cyanotic and the oxygen
saturation fell dramatically, leading to bradycardia. The
diagnosis of occlusion of the previous MBTS was made.
The child was immediately positioned supine, cardiopul-
monary resuscitation was performed, and cardiopulmo-
nary bypass was established through cannulation of the
left femoral vessels. A repeated sternotomy was per-
formed. The previous shunt was excised and found to be
occluded with a white granular clot. A new 3.5-mm
central shunt was constructed between the left side of the
ascending aorta and the branch pulmonary arteries.
Cardiopulmonary bypass was discontinued on low-dose
inotropic support, protamine was administered, the fem-
oral vessels were repaired, and the chest was closed.

The patient was transferred to the intensive care unit.
During the first 24 hours, he had episodes of desatura-
tion. Because of the preceding arrest, there were con-
cerns regarding neurologic status. Electroencephalogra-
phy showed nonconvulsive status epilepticus, which was
treated with phenytoin. On the fifth postoperative day,
the patient developed anisocoria. Magnetic resonance
imaging of the brain showed diffuse edema and changes
consistent with severe diffuse ischemic damage. The
child deteriorated and died on the 12th postoperative
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day. Histologic examination of the occluded shunt
showed no evidence of fibrin thrombi (Fig 1).

Comment

The MBTS is commonly used in neonates with cyanotic
heart disease to achieve palliation and stability until
definitive surgical correction can be performed. While
many centers are moving away from this method as
palliation for two-ventricle circulations, there is no alter-
native in patients with pulmonary atresia who require
single-ventricle palliation.

One of the most lethal complications of MBTS is acute
occlusion of the shunt. Li and colleagues [2] reported
1-year Kaplan-Meier event rates for shunt occlusion of
11% and 16% for closed and open (with cardiopulmonary
bypass) shunts, respectively. The United Kingdom data
show a 30-day and 1-year mortality for arterial shunt of
12.6% and 34%, respectively [3]. Studies have shown that
shunts of smaller caliber are more prone to stenosis or
occlusion [4, 5].

Although the evidence for the benefits of anticoag-
ulation in preventing MBTS stenosis and occlusion
have been conflicting, it is common practice to admin-
ister heparin intraoperatively and commence long-
term aspirin postoperatively [6]. In a large retrospec-
tive study, Li and colleagues [2] showed a lower risk of
shunt occlusion and death in infants receiving aspirin.
The advantages of other modern antiplatelet agents
have not been investigated. Our patient was enrolled
in a prospective, randomized controlled trial investi-
gating the effects of best treatment with or without
clopidogrel in prevention of MBTS thrombotic occlu-
sion (CLARINET Study). The clopidogrel was discon-
tinued before urgent reoperation, when flow to the left
lung was shown to be severely compromised. During
surgery, shunt occlusion occurred with catastrophic
results. Gross examination of the occluded graft
showed a white granular clot. Subsequent histologic
examination confirmed absence of fibrin thrombus,
suggesting that the clot was predominantly platelet in
origin.

The addition of clopidogrel to aspirin has been
shown to reduce cardiovascular risk in adult patients
with acute coronary syndrome undergoing percutane-
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Fig 1. Histologic section of the occluded
shunt. (A) Hematoxylin-eosin stain shows
eosinophilic material within the lumen, fo-
cally attached to the underlying wall (arrows)
in keeping with a thrombus. (B) Martius
Scarlet Blue trichrome stain, which selectively
stains fibrin in red. The stain demonstrates
the absence of fibrin within the thrombus (ar-
rows), which is composed of platelets only.

ous coronary intervention (PCI). However, Ho and
colleagues [1] reported recently that sudden clopi-
dogrel cessation in a cohort of patients with acute
coronary syndrome treated medically or with PCI was
followed by a clustering of adverse cardiovascular
events. This study has raised the possibility that the
early benefit of clopidogrel treatment in these patients
may be counterbalanced by a rebound hypercoagula-
ble effect after discontinuation of the drug [7]. This
clinical observation may be supported by pharmaco-
logic evidence. An increase in the expression of acti-
vation markers in adenosine diphosphate-stimulated
platelets has been observed in healthy volunteers after
clopidogrel discontinuation [8].

No conclusions regarding cause and effect can be
drawn from our case report. However, in light of the
observations in the adult literature, patients who re-
quire clopidogrel cessation should be carefully man-
aged and followed. This therapy needs to be evaluated
with randomized trials extending far beyond clopi-
dogrel cessation in order to determine whether early
benefits are counterbalanced by later adverse events
associated with hypercoagulability following discon-
tinuation of the drug. This evaluation has already been
started by a modification in the CLARINET study, with
long-term outcomes being measured.

AP. was Chief Investigator for United Kingdom for the CLARINET
study (http://clinicaltrials.gov/ct2/show/NCT00833703), examin-
ing the benefits of clopidogrel in addition to aspirin in children
after Modified Blalock-Taussig shunt.
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We report a modification of the Starnes technique for
palliating severe tricuspid regurgitation associated with
a dysplastic right ventricle in a neonate, using a fenes-
trated pericardial patch allowing for unidirectional flow.
The patient eventually underwent a successful Glenn
shunt construction with a persistent reduction in right
ventricle size at 1 year follow-up.
(Ann Thorac Surg 2012;93:658-9)
© 2012 by The Society of Thoracic Surgeons

Infants born with a dysplastic right ventricle, pulmo-
nary atresia, and severe tricuspid regurgitation pres-
ent a significant surgical challenge in the neonatal pe-
riod. This includes patients with Ebstein anomaly as well
as a variety of other tricuspid valve and right ventricle
(RV) anomalies. Starnes and colleagues [1] described a
palliative approach in neonates with Ebstein anomaly in
whom the pulmonary blood flow is supplied by a sys-
temic to pulmonary artery shunt and the tricuspid orifice
is closed with a pericardial patch [1]. This approach was
taken to prevent tricuspid regurgitation into the right
atrium. The original technique did not decompress the
RV, but a subsequent modification with a fenestrated
patch allowed for it [2]. We describe a further modifica-
tion using a fenestration with a one-way flap valve that
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limits RV filling while allowing decompression, thus
encouraging shrinkage of the deformed RV.

A full-term female neonate (3.1 kg) with a prenatal
diagnosis of severe tricuspid regurgitation, pulmonary
atresia, and RV dysplasia was referred for surgical palli-
ation with a ductal dependant pulmonary blood flow.
There were no coronary to RV fistulae.

An echocardiogram performed on the day of birth con-
firmed the severe tricuspid regurgitation with elevated RV
pressures. The study also revealed a patent ductus arterio-
sus with left-to-right shunt, an atrial septal defect and
pulmonary atresia with severely hypertrophied outflow
portion of a dilated RV. The branch pulmonary arteries
were small but confluent. The septal leaflet was noted to be
“tacked down” with a restrictive motion. The mitral and
aortic valves appeared normal. The chest radiograph re-
vealed a cardiothoracic ratio of 0.95 with a massive right
atrium. The baby was hemodynamically stable on prosta-
glandin infusion with a systemic saturation of 88% on 21%
oxygen.

The patient was taken to the operating room on day
6 of life. Upon opening the right atrium on bypass with
standard bicaval cannulation, the tricuspid valve was
severely deformed with myxomatous leaflets and se-
vere tricuspid regurgitation. The right atrium mea-
sured 10 cm.

Fresh autologous pericardium was harvested, sized to
the tricuspid orifice, and fenestrated with a 4-mm aortic
punch. By suturing a smaller pericardial patch along
three sides of the fenestration, we created a one-way flap
valve preventing antegrade flow into the right ventricular
chamber while allowing retrograde right ventricular de-
compression (Fig 1). The entire pericardial patch was
then sutured to the tricuspid annulus, with the medial
portion being sutured to the septal leaflet to avoid the
conduction system. In addition, we performed an atrial
septectomy, right atrial reduction, transection of the main
pulmonary artery followed by PA plasty with a ho-
mograft patch, and placement of a right-sided modified
Blalock-Taussig (BT) shunt with a 4-mm Polytetrafluoro-
ethylene graft. The patient had an uneventful postoper-
ative course and was discharged home on postoperative

Fig 1. The modified patch with a one-way flap valve covering the
4-mm fenestration.
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