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Percutaneous Treatment of Left Main Coronary
Artery Compression in a Pulmonary Artery
Hypertension Patient Associated with Atrial
Septal Defect

Atriyal Septal Defektle iliskili Pulmoner Arteriyal
Hipertansiyon Hastasinda Sol Ana Koroner Arter
Basisinin Perkutan Tedavisi

ABSTRACT

Pulmonary arterial hypertension is still a fatal disease persisting with poor prognosis, despite
all the advances in treatment (new agents and new combination strategies) in recent years.
Patients present with different symptoms which are not specific to the disease (dyspnea,
angina, palpitation, and syncope). Angina may occur secondary to myocardial ischemia due to
increased right ventricular afterload (oxygen supply and demand mismatch) or external com-
pression on the left main coronary artery. Left main coronary artery compression is associ-
ated with post-exercise sudden cardiac death in pulmonary arterial hypertension patients. It
should be kept in mind in the differential diagnosis of angina in patients with pulmonary arterial
hypertension and should be treated immediately. Here, we report a pulmonary arterial hyper-
tension patient associated with secundum-type atrial septal defect presented with ostial left
main coronary artery compression caused by an enlarged pulmonary artery and treated with
intravascular ultrasound-guided percutaneous coronary intervention.

Keywords: Atrial septal defect, pulmonary arterial hypertension, LMCA compression, intravas-
cular ultrasound, adult congenital heart disease, percutaneous coronary intervention.

OzZET

Son yillarda tedavideki tim gelismelere (yeni ajanlar ve yeni kombinasyon stratejileri)
ragmen, pulmoner arteriyel hipertansiyon kétl seyirli 6lumcil bir hastalik olmaya devam
etmektedir. Hastalar, hastaliga 6zgli olmayan cesitli semptomlarla (nefes darligi, anjina,
carpinti ve senkop) saglik kuruluslarina basvurmaktadirlar. Anjina, artmis sag ventrik{l art
yUkuine ikincil miyokardiyal iskemi (oksijen arz ve talep uyumsuzlugu) veya sol ana koroner
artere disaridan basi nedeniyle olusabilir. Sol ana koroner arter basisi, pulmoner arteriyel
hipertansiyon hastalarinda, egzersiz sonrasi ani kardiyak élimle iliskilidir. Pulmoner arteriyel
hipertansiyon hastalarinda anjina ayirici tansinda akilda tutulmali ve acilen tedavi edilme-
lidir. Burada, genislemis bir pulmoner arterin neden oldugu ostial sol ana koroner artere
basi ile basvuran ve intravaskuler ultrason esliginde perkitan koroner girisim ile tedavi edi-
len sekundum tipi atriyal septal defekt ile iliskili pulmoner arteriyel hipertansiyon hastasini
sunuyoruz.

Anahtar Kelimeler: Atriyal septal defekt, pulmoner arteriyal hipertansiyon, LMCA basisi, intra-
vaskuler ultrason, eriskin dogumsal kalp hastaligi, perkutan koroner girisim

ulmonary arterial hypertension (PAH) is still a devastating disease having serious

morbidity and mortality in spite of all advances in treatment.! Disease may mani-
fest with a broad spectrum of symptoms (dyspnea, exercise intolerance, fatigue, palpi-
tation, and chest pain) all nonspecific to the disease.’

Although chest pain is mostly caused by the oxygen supply-demand mismatch due
to right ventricular (RV) hypertrophy induced by increased afterload, external com-
pression of the left main coronary artery (LMCA) by enlarged pulmonary artery (PA)
can also induce angina.? Because LMCA compression can be fatal, it should be always
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considered in the differential diagnosis in PAH patients admitted
with angina.

Here, we discuss a PAH patient who presented with angina due
to LMCA compression and was treated with intravascular ultra-
sound (IVUS)-guided percutaneous coronary intervention (PCl).

Case Report

A 70-year-old female patient with hypertension was admitted
with complaints of fatigue, dyspnea, and long-lasting angina.
On physical examination, pulmonic component of second heart
sound (P2) was loud. There was a 3/6 holosystolic murmur at
the right parasternal area and coarse crackles in both lungs. The
patient had hypoxia (Sa0,: 90%) in room air. Electrocardiogram
showed sinus rhythm with right bundle branch block, right axis,
and p pulmonale. The patient was on valsartan, metoprolol, and
furosemide for several years because of systemic hypertension.
In laboratory examination, there was nothing remarkable except
increased natriuretic peptide levels (NT-ProBNP: 1332 pg/mL).

Transthoracic echocardiography (TTE) revealed normal left ven-
tricular (LV) systolic function, enlarged right heart chambers and
PA (RV: 35 mm, right atrium (RA): 46 mm, and PA diameter:
45 mm), severe tricuspid regurgitation (peak systolic tricuspid
regurgitation jet: 4.2 m/s), and borderline impaired RV function
(tricuspid annular plane systolic excursion: 17 mm, tricuspid Sa:
11.5 cm/s). In color flow Doppler, there was suspicion of left to
right shunt, and the pulmonary flow to systemic flow ratio (Qp/
Qs) was calculated as 1.2. The estimated systolic pulmonary
artery pressure (sPAP: 90 mmHg) was increased. Transesophageal
echocardiography (TEE) confirmed a 27 x 22 mm secundum-
type atrial septal defect (ASD) causing left to right shunt
(Figure 1 and Video 1). Because the patient had angina and high
probability of PH in TTE, we decided to perform coronary angiog-
raphy (CAG) together with right heart catheterization.

The hemodynamic evaluation showed that the mean PAP was
55 mmHg, pulmonary vascular resistance (PVR) was 5.2 Wood
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Figure 1. 3D TEE image is showing a 27 x 22 mm secundum-
type ASD. ASD, atrial septal defect; TEE, transesophageal
echocardiography.
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Figure 2. Enlarged PA and < 60° LMCA take-off angle on CT
images. CT, computed tomography; LMCA, left main coronary
artery; PA, pulmonary artery.

Unit, right atrial pressure was 10 mmHg, left atrial pressure was
10 mmHg, cardiac output (Qs) was 7.5 Lt/min, pulmonary out-
put (Qp) was 8.3 Lt/min, Qp/Qs was 1.1, cardiac index (CI) was
4.4 Lt/min/m?. We realized a 90% stenosis of LMCA ostium in
left cranial image which was not prominent in caudal images
and in CAG (Video 2). There was nothing remarkable in other
coronary territories.

Contrast-enhanced thorax computed tomography (CT) was
planned for further evaluation of LMCA ostial stenosis which was
thought to be due to external compression of the enlarged PA on
LMCA. Thorax CT showed enlarged PA (46 mm) causing external
compression on the LMCA ostium. Also, the take-off angle was
recorded as 60° on CT images (Figure 2).

Because the patient had angina related to severe ostial LMCA
stenosis, PCl was planned. During the procedure, the LMCA
ostium was evaluated with IVUS which proved the nature of ste-
nosis was not associated with atherosclerosis. Intravascular ultra-
sound clearly confirmed external severe compression of LMCA
ostium which changed dynamically during systole and diastole
(Video 3). Therefore, a 4 x 8 mm Resolute ONYX (Medtronic,
Calif, USA) stent was implanted on the LMCA ostium. Post-
dilatation was performed with a 4.5 mm balloon. After the post-
dilatation procedure, IVUS images showed that the stent struts
were apositioned and full patency was achieved (Video 3). Also
on CAG, cranial images showed that the external compression
had disappeared after stenting (Video 4).

The patient also had precapillary PH according to hemody-
namic evaluation and was classified as PAH associated with
congenital heart disease (ASD) according to the sixth World
Symposium on PH.? The 6-minute walking distance was
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178 m, World Health Organization (WHO) functional capac-
ity was lll. The patient was predominantly in the intermediate
risk category according to the 2015 ESC/ERS PAH risk assess-
ment table.” Initial combination therapy with macitentan and
sildenafil was initiated. In addition to the combination therapy,
the patient was discharged with valsartan 80 mg, metoprolol
50 mg, acetylsalicylic acid 81 mg, clopidogrel 75 mg, furose-
mide 40 mg, and spironolactone 25 mg. Informed consent was
obtained from the patient.

Discussion

Pulmonary arterial hypertension is a disease characterized by
plexiform lesions due to vascular remodeling induced by vari-
ous stimuli in the pulmonary vascular bed.* The reported inci-
dence is approximately 1% in adults, and over the age of 65,
this rate rises to 10%.° Increased PVR due to pulmonary vas-
culopathy triggers RV dysfunction which is the leading cause of
mortality in PAH patients, by increasing afterload.*® Pulmonary
arterial hypertension patients with RV dysfunction has a poor
prognosis.*©

In clinical practice, PAH patients may admit with a broad spectrum
of symptoms (dyspnea, exercise intolerance, fatigue, and chest
pain)."” Chest pain was reported with a frequency of 7%-29%
in various registries.>® The main mechanism of chest pain is the
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oxygen supply-demand imbalance of the myocardium due to
increased afterload causing RV hypertrophy.* However, external
compression of LMCA by enlarged PA can also cause angina in
these patients."? Increased PA diameter (>40 mm) and PA/aor-
tic diameter (>1.5) is the strongest predictor of LMCA compres-
sion. Galie et al? reported approximately 6% LMCA compression
in PH patients and this study revealed that the main PA diameter
was larger than 40 mm and was the strongest predictor of LMCA
compression. Therefore, patients presented with angina and PA
diameter larger than 40 mm LMCA compression should be fur-
ther examined with CT or CAG for LMCA compression. Computed
tomography can give detailed information about the relationship
between PA and aorta. Pulmonary artery hypertension patients
with angina were classified according to the pulmonary artery-
LMCA distance, take-off angle, and angulation by Galie et al.?
Left main coronary artery compression was confirmed by CAG in
patients with a short pulmonary artery-LMCA distance, a take-
off angle of <60°, and a stenosis of >50% in CT.2 Kaymaz et al°
showed relation between younger age, D-shaped septum, higher
PA systolic, diastolic, and mean pressures and pulmonary vas-
cular resistance, larger PA diameter, smaller aortic diameter and
pulmonary arterial hypertension associated with patent-ductus
arteriosus, atrial or ventricular septal defects and LMCA extrinsic
compression in a study comprised 269 out of 498 patients with

Table 1. Imaging and hemodynamic data of PAH patients with LMCA compression reported in the literature

First author, year, LMCA compression

range (%)

PA size (mm)
(mean, SD)

Patients (n)

Mesquita [9] 2004,

Between 50-90% 55 (13)

LMCo:n=7
Akbal [10] 2018, o
LMCo: n =22 250% He
Galie [7] 2017 LMCo:

All 2 50% 54 (17)
n=48
Lee [4] 2017, o
LMCo: n =20 =130% 6
Nuche Beren- guer
[23] 2019, Not reported 53 (11)
LMCo: n=20
Case reports cohort Mean 76% (18)° 56 (19)

LMCo: n =89

PA/Aorta ratio
(mean, SD)

mPAP (mmHg)
(mean, SD)

PVR (Wood units)
(mean, SD)

50 (11) 2(0.6) Not reported
73 (19) 1.6(0.3) 13(10)

64 (21) 1.9(0.6) 13(9)

70 (19) 2.0 (0.7) 9(3)

63 (27) Not reported Not reported
56 (16)° 1.8(0.5) 12 (6)

LMCA, left main coronary artery; LMCo, left main coronary artery compression; PA, pulmonary artery; PVR, pulmonary vascular resistance; mPAP, mean

pulmonary artery pressure; SD, standard deviation.

*Reported in 57 patients; "Reported/calculated in 75 patients; “Reported in 32 patients; “Reported in 25 patients.
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confirmed PH who underwent CAG because of various clinical
scenario (PA aneurysm on TTE, angina or incidental LMCA com-
pression on CT). The LMCA compression ratio was 8.2% (22 of
269 patients).? In a recent systemic review and meta-analysis,
PA diameter, PA/aorta ratio, and Congenital Heart Disease (CHD)
were found to be associated with LMCA compression.’ Table 1
summarizes the imaging and hemodynamic data of PAH patients
with LMCA compression reported in the literature.™

Because LMCA compression is a dynamic process, it becomes
apparent in systole and may regress or disappear completely due
to aortic pressure exceeding PA pressure in diastole. Contrarily,
compression might be more prominent during exercise due to
increased PAP. Ischemia triggered by LMCA compression can
lead to complications such as myocardial ischemia, heart fail-
ure, arrhythmia, and sudden cardiac death (SCD). Sudden death
can be observed in approximately 26% of these patients and
might be the initial clinical scenario. So, LMCA compression
secondary to PA enlargement is described as an emergency that
should be treated quickly.''2 There is no consensus on how
LMCA compression in PAH patients should be treated. Preferred
treatment is coronary stenting, associated with low mid-term
mortality.’® Percutaneous coronary intervention was performed
for the first time in a patient with PAH and extrinsic LMCA
compression in 2001, and it was reported that the patient's
symptoms were relieved after the procedure.’ Coronary artery
bypass grafting (CABG), one of the treatment options applied
in LMCA stenosis derived by atherosclerotic lesions, is still con-
troversial in PAH patients. In patients who will undergo cardiac
surgery for another reason, it is reasonable to perform CABG in
the same session. But it is not applicable in isolated LMCA ste-
nosis in PAH patients. In addition, surgery is not the first option
in patients with PAH since perioperative anesthesia has a high
risk. In different studies, postoperative mortality rates in non-
cardiac surgical interventions varied between 1% and 18%."
So PCl is applicable in these patients if there is no indication for
surgery. The durability of stents implanted to treat LMCA com-
pression is scarce. Different studies on PCI have been published
since 2001 and showed that implanting a bare metal stent or
drug-eluting stent (DES) has a similar impact on the outcome.
Galie et al® reported positive long-term follow-up results of PCI
in 45 PH patients with LMCA stenosis due to extrinsic com-
pression. Drug-eluting stent was implanted in the majority of
patients and no major complications were observed during the
postprocedure period. There was no cardiovascular death, MI,
cerebrovascular event (CVE), and stent thrombosis during the
22-month follow-up.?

Our patient was treated with a DES after LMCA compression
was clearly shown on CAG. Smaller than 60° take-off angle and
severe ostial stenosis on CT were also supportive for PCI. Stent
was implanted by IVUS-guided PCl. Compression was clearly
demonstrated on pre-procedural IVUS images and it changed
dynamically during diastole and systole. While IVUS proved LMCA
stenosis was not of an atherosclerotic nature, stent apposition
and release of compression were also confirmed. Intravascular
imaging is an effective way to reveal the dynamic nature of com-
pression and exclude atherosclerosis in those cases. Also, it allows
to show relief of compression after the PCl procedure and to
measure maximal stent expansion. We preferred Resolute ONYX

224

Deniz et al. Rare But Serious Complication of Pulmonary Hypertension: LMCA Compression

DES (Medotronic, Calif, USA) to treat LMCA stenosis because this
third-generation DES has high flexibility, increased radial force,
and a low risk of restenosis.’

Conclusion

In conclusion, extrinsic LMCA compression should always be
considered in PAH patients with angina. Percutaneous coronary
intervention eliminates the symptom of angina, reduces the risk
of SCD, and affects survival positively. Using IVUS during the
procedure gives information on the underlying pathophysiologi-
cal mechanism of LMCA compression and makes the PCl safe.
During PCl, third-generation DES with high flexibility and radial
strength should be preferred.
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Video 1: Color Doppler imaging showing left to right shunting.

Video 2: Left cranial image on coronary angiography showing 90% ste-
nosis of LMCA ostium. LMCA, left main coronary artery.

Video 3: IVUS images showing well-positioned stent struts and full
patency on coronary blood flow. IVUS, intravascular ultrasound.

Video 4: Images showing that LMCA compression has disappeared on
CAG. LMCA, Left main coronary artery; CAG, coronary angiography.
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