
Can you give us an overview of CTEPH and the 
program at the University of Michigan?

Dr. Val McLaughlin, Director, Pulmonary Hy-
pertension Program: Chronic thromboembol-
ic pulmonary hypertension (CTEPH) is rare. 
We think that it affects 3% or 4% of patients 
who have had acute pulmonary embolism (PE) and it is difficult to diagnose. 
Symptoms are insidious and include a lot of nonspecific symptoms such as 
dyspnea that are part of the workup of any patient with PH who is referred.  
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Anomalous origin of the left coronary 
artery from the pulmonary artery 

(ALCAPA) is a rare congenital coronary 
artery anomaly affecting 1 per 300,000 
newborns.1 In patients with ALCAPA, 
the natural lowering of pulmonary artery 
(PA) pressures in the neonatal period 
causes a left-to-right shunt with blood 
from the left coronary artery reversing 
into the pulmonary artery and subse-
quent myocardial ischemia.2,3 It is very 
uncommon for ALCAPA to be diagnosed 
in adulthood, as over 90% of untreated 
newborns die within the first year of 
life. Survival without surgical correc-
tion is dependent on collateral circu-
lation between the coronary arteries. 

continued on page 3
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What is intraoperative holographic therapy guidance?
Sergio Aguirre, CEO, EchoPixel: EchoPixel is a 

startup company focusing on virtual or augmented 
reality in medicine. We provide physicians a holo-
gram floating in front of a flat screen, enabling not 
only their ability to view pre-op images like com-
puted tomography (CT) and magnetic resonance imaging (MRI), but also 
live, real-time ultrasound in 4D. That means physicians are able to see a heart 
in front of the screen floating on top of the cath lab table. The hologram al-
lows for the immediate identification of patient anatomy, and also the live 
location in the heart of equipment like catheters or other delivery systems. 

IMAGING TECHNOLOGY

EchoPixel’s 4-D Holographic 
Intraoperative Imaging 
for Cardiac Anatomy 
CLD talks with Jacob Dutcher, MD, and Sergio Aguirre, Founder and CEO, 
EchoPixel.

PROGRAM SPOTLIGHT

Chronic Thromboembolic 
Pulmonary Hypertension 
(CTEPH) Program 
at University of 
Michigan Health 
CLD talks with Drs. Vallerie V. McLaughlin, Victor M. Moles, Vikas Aggarwal, 
Jonathan W. Haft, and Prachi Agarwal.
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We present a case of a young adult female who 
was found to have ALCAPA after presenting with 
cardiac arrest.4,5

Case Report
A 37-year-old African American female with no 

known cardiac history presented to our emergency 
department after suddenly losing consciousness 
while folding laundry. Upon arrival of EMS, she was 
found to be in ventricular fibrillation requiring two 
shocks from an automated external defibrillator 
prior to return of spontaneous circulation. She was 
intubated and placed on hypothermia protocol. 
Her chest x-ray showed cardiomegaly. Her electro-
cardiogram (EKG) initially showed a non-specific 
intraventricular conduction delay which improved 
on subsequent EKGs. Her transthoracic echocar-
diogram (TTE) showed a left ventricular ejection 
fraction of 25%-30% with anteroseptal hypokinesis. 
She was weaned off the ventilator, was successfully 
extubated, and made a full neurologic recovery. 

She underwent coronary angiography to assess 
for cardiac ischemia. Coronary angiography showed 
an anomalous left main coronary artery originating 
from the pulmonary artery, and supplying the left 
circumflex artery and left anterior descending artery. 
Angiography also demonstrated a very dilated right 
coronary artery supplying collaterals to the entire 
left coronary system and showing the left coronary 
artery emptying into the pulmonary artery (Figures 
1-2, Video). Subsequently, the patient underwent 
coronary CTA (CCTA) that confirmed the diag-
nosis (Figure 3) and showed the anomalous left 
coronary artery originating from the right margin 
of the main pulmonary artery just proximal to the 
main pulmonary artery bifurcation (Figure 4). Con-
sequently, she underwent cardiothoracic surgery, 
during which the left main coronary artery was 
ligated at the level of the pulmonary artery, and 
a left internal mammary artery (LIMA) was used 
to bypass the left anterior descending artery and a 
reverse saphenous vein graft was used to bypass the 

obtuse marginal artery. A patch reconstruction was 
performed on the pulmonary artery (Figures 5-6).

The patient recovered well from surgery with 
no complications. Transthoracic echocardiogram 
showed recovery of her left ventricular ejection 
fraction to within normal limits. Serial CCTA scans 
showed a widely patent LIMA graft to the left an-
terior descending artery seven years post surgery. 

Discussion
ALCAPA is a rare congenital condition that 

causes death in most infants if left untreated and 
presents very rarely in adulthood. Embryologically, 
the disorder arises from abnormal septation of the 
aorta and pulmonary artery or from persistence 
of aortic buds that form the coronary arteries.6,7

The pathophysiology of ALCAPA results from a 
relative coronary-steal phenomenon that ensues 
after birth. During the neonatal period, both pul-
monary artery and systemic arterial pressures as 
well as oxygen saturations are equivalent. After 

ALCAPA Case Review in Images: 
An Interesting Etiology of Adult 
Cardiac Arrest With Eight-Year 
Follow-Up Post Surgical Correction

We present a case of a young 
adult female who was found to 
have ALCAPA after presenting 
with cardiac arrest.

Amal Khan, MS IV; Mehreen Ali, HS IV; Som Bailey, DO; Thomas Shields Livingston, MD; 
Srujana Chakilam, MD

Figures 1-2 (Video). Delayed cine showing a tortuous and dilated right coronary artery (RCA) with collaterals feeding into left coronary system and into the 
main pulmonary artery. 
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birth, the natural physiologic closure of the ductus 
arteriosus lowers the pressure in the pulmonary 
arterial circulation. This causes a decreased rate of 
flow in the left coronary artery and a redirection of 
blood flow in the left coronary artery toward the 
pulmonary artery,8-11 resulting in perfusion of the 
left ventricle with deoxygenated blood. Survival 
is dependent on collateral circulation between 
the right and left coronary artery. The extent of 
collateral circulation also determines the extent 
and distribution of myocardial ischemia.12.13

Establishment of a dual coronary system is the 
treatment of choice in adults with ALCAPA. The 
recommended procedure in adults with ALCAPA 
is ligating the left coronary artery at its origin from 
the pulmonary artery and placing a venous or ar-
terial bypass graft from the aorta to the proximal 
left anterior descending artery.13-15

Our case illustrates one of the very few adults 
diagnosed with ALCAPA and long-term survival 
post surgical repair. In our case of an adult with 
ALCAPA, a dual coronary perfusion system surgical 
repair was performed by ligating the large end of the 
left main coronary artery at the pulmonary artery 
in combination with an internal mammary artery 
bypass to the left anterior descending artery, and 
reverse saphenous vein graft bypass to the obtuse 
marginal artery. 

Complications of this procedure include stenosis of 

saphenous vein and arterial grafts, as well as a high 
percentage of redo procedures, more commonly 
in vein grafts. In our case, the procedure was 
successful with no complications. Coronary CTA 
seven years post surgery showed patent anastomosis 
without significant narrowing, indicating excellent 
long-term results of the LIMA graft and ligation 
ALCAPA repair in an adult. The saphenous vein graft 
to obtuse marginal graft remained patent as well.

Conclusion
Our case illustrates a successfully repaired ALCAPA 

and long-term survival in an adult. The dual coronary 
system LIMA graft with ligation surgery enables 
restoration of left ventricular function, reducing the 
risk for malignant dysrhythmia and sudden cardiac 
death. More data need to be collected on LIMA graft 
patency and long-term survival in ALCAPA repair 
in adults to illustrate benefit from use of a LIMA 
graft versus a saphenous vein graft. n
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Figures 5-6. Post operative curved reformatted 
computed tomography angiogram showing LIMA 
anastomosis to the left anterior descending cor-
onary artery.  
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Figure 3. Pre-operative sagittal oblique view of coronary computed 
tomography angiography identifying the ALCAPA showing a pulmonary 
artery and left coronary artery.

Figure 4. Post operative axial view of coronary computed tomography angiography 
post left coronary artery ligation, showing the left coronary artery no longer 
connected to the pulmonary artery.
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