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Introduction

In the United States, one in four deaths occurs from 
cardiovascular diseases of which coronary artery disease 
(CAD) contributes to a significant portion (1). CAD is 
commonly caused by coronary artery atherosclerosis 
that leads to plaque buildup, causing narrowing of the 

vessels which ultimately can lead to decreased blood 
flow or complete absence of flow. Inadequate supply of 
blood and oxygen to the myocardium causes myocardial 
infarction. Atherosclerosis is the most common cause 
of acute myocardial infarction (AMI); however, many 
infrequent causes of AMI have been reported (2). Extrinsic 
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compression of the coronary artery as a cause of myocardial 
ischemia is unusual and infrequently seen yet can lead to 
catastrophic clinical consequences. Here, we present two 
rare causes of extrinsic compression of coronary blood 
supply from our institution that led to cardiac arrest and 
discuss their clinical presentation, diagnostic modalities, 
and management options, along with a brief review of 
the available literature to allow for prompt recognition 
and management by clinicians. We present both cases in 
accordance with the CARE reporting checklist (available at 
https://acr.amegroups.com/article/view/10.21037/acr-22-
111/rc). 

Case presentation

Case 1

A 66-year-old male with a history of hypertension, 
hyperlipidemia, and diabetes mellitus presented with 
worsening chest pain and dyspnea on exertion and was 
admitted for management of acute congestive heart failure 
exacerbation and non-ST elevation myocardial infarction 
(NSTEMI) with a peak troponin I of 4.08 ng/mL. Patient 
was loaded with aspirin, clopidogrel and was started 
on therapeutic heparin. Transthoracic echocardiogram 
demonstrated an ejection fraction of 26% with wall motion 
abnormalities. The patient underwent coronary angiography 
which revealed severe multivessel CAD (Figure 1). The 
patient had an urgent four-vessel coronary artery bypass 
graft (CABG) with left internal mammary artery to left 
anterior descending artery, sequenced reversed saphenous 

vein graft (SVG) to the obtuse marginal artery, and posterior 
descending artery, reversed SVG to ramus intermedius 
artery. Total bypass time was 92 minutes and total cross-
clamp time was 73 minutes. Intra-operative transesophageal 
echocardiogram was stable with no new wall motion 
abnormality noted. His initial post-operative course was 
uncomplicated; however, on the post-operative day three 
the patient subsequently developed pulseless ventricular 
tachycardia arrest. The resuscitation efforts lasted over an 
hour, including delivery of eighteen shocks for refractory 
ventricular tachycardia. Return of spontaneous circulation 
(ROSC) was ultimately achieved; however, patient was on 
multiple pressors and inotropes at this time. The patient was 
taken for an emergent coronary angiography which revealed 
an acute thrombotic occlusion of the saphenous venous 
graft to the right posterior descending artery (Figure 2A).  
The lesion was hazy and right above the lesion was an 
echo-dense structure which was later identified to be 
a drain tube. Intravascular ultrasound (IVUS) revealed 
extrinsic compression of the venous graft by the 19 mm 
Jackson-Pratt (JP) drain that was inserted during his CABG 
operation (Figure 2B). The drain tube was adjusted, and 
given the severity of the patient’s cardiogenic shock, the 
lesion was treated with a Medtronic Resolute Onyx 3.5 mm 
× 26 mm drug eluting stent (DES) with the restoration of 
the thrombolysis in myocardial infarction (TIMI) III flow 
noted (Figure 2C). Immediately following stent placement, 
patient’s hemodynamics significantly improved. His course 
was further complicated by worsening cardiogenic shock and 
multiorgan failure requiring mechanical support. During 
the placement of mechanical support, patency of SVG 
was noted on the repeat coronary angiogram (Figure 2D).  
Ultimately, the patient was transitioned to comfort care per 
the family wishes and he passed.

Case 2

A 59-year-old female with a history of  cirrhosis , 
hypertension, and hyperlipidemia presented with shortness 
of breath and was admitted for management of NSTEMI 
with a peak troponin I of 12.98 ng/mL. Other significant 
laboratory values included magnesium level of 1.2 mg/dL  
and potassium of 3.5 mEq/L. A few hours later, she went 
into ventricular fibrillation cardiac arrest presumed ischemic 
as well as in the setting of electrolyte abnormality. ROSC 
was achieved in 8 minutes. Electrocardiogram post-ROSC 
showed sinus tachycardia with non-specific lateral T waves 
changes. She emergently underwent coronary angiography 
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Figure 1 Coronary angiography on admission revealing severe multivessel coronary artery disease.

which revealed critical ostial left main coronary artery 
(LMCA) 95% stenosis which was persistent despite 
nitroglycerin administration (Figure 3A). IVUS of the lesion 
revealed a minimal luminal area of atherosclerosis and 
extrinsic compression of LMCA between the pulmonary 
artery (PA) and coronary sinus (Figure 3B). The lesion was 
treated with Medtronic Resolute Onyx 3.5 mm × 18 mm  
DES with the restoration of TIMI III flow (Figure 4). 
Right heart catheterization (RHC) revealed a mean right 
atrial pressure of 12 mmHg, pulmonary artery pressure 
(PAP) of 61/32 mmHg with the mean of 45 mmHg, 
pulmonary capillary wedge pressure (PCWP) of 28 mmHg. 
Computed tomography angiography (CTA) later in the 
admission course revealed dilated PA most likely secondary 
to her severe pulmonary hypertension (Figure 5) with a 
patent LMCA stent (Figure 6). The hospital course was 

complicated by worsening septic shock and decompensated 
cirrhosis and she was ultimately transitioned to comfort 
care and passed.

Visual timelines for both case 1 and case 2 are 
demonstrated in Figures 7,8 per CARE reporting guidelines.

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
for publication of this case report and accompanying 
images was not obtained from the patients or the relatives 
after all possible attempts were made. Our institution does 
not require ethical approval for reporting individual cases 
or case series. Informed consent for patient information 
to be published in this article was not obtained because 
both patients in this case series passed away from their 
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Figure 2 Emergent coronary angiography after the VT arrest noted: (A) occlusion of the saphenous venous graft to the right posterior 
descending artery by the JP tube (red arrow); (B) IVUS of the venous graft revealed extrinsic compression of the graft by the JP tube 
that was inserted during his CABG; (C) TIMI III flow in the venous graft after adjusting the JP drain and inserting DES (yellow arrow);  
(D) patent venous graft on a repeat coronary angiogram during Impella insertion later in the admission. VT, ventricular tachycardia; JP, 
Jackson-Pratt; IVUS, intravascular ultrasound; CABG, coronary artery bypass graft; TIMI, thrombolysis in myocardial infarction; DES, 
drug eluting stent.

comorbidities and no identifying information is used in our 
report. 

Discussion

The incidence of LMCA compression in pulmonary artery 
hypertension (PAH) patients was estimated to be up to 44% 
in older studies evaluating patients with atrial septal defect 
(ASD) and PAH (3). However, in more recent reports, it is 
estimated to be 4.5–20% (4). It was found to be up to 40% 
in coronary angiograms of patients with angina (5).

The mechanism of LMCA compression in the setting of 
PAH is primarily related to compression of LMCA between 
the dilated PA and the sinus of Valsalva as shown in Figure 5B. 
The compression can lead to ongoing myocardial ischemia 
with its consequences of chest pain, dyspnea, decreased 
exercise tolerance, palpitations, and in rare instances heart 
failure, cardiogenic shock, and cardiac arrest (6). While 
angina is a common manifestation in patients with PAH, 
coronary angiography is typically not performed unless they 
present with other symptoms of ischemia. Therefore, in 
these patients, CAD and LMCA compression can often go 
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Figure 3 Emergent coronary angiography after the VF arrest revealed. (A) Severe ostial and proximal LMCA 95% stenosis. (B) IVUS 
noting extrinsic compression of LMCA between PA and left coronary sinus. VF, ventricular fibrillation; LMCA, left main coronary artery; 
IVUS, intravascular ultrasound; PA, pulmonary artery.

A B

Figure 4 Coronary angiography showing TIMI III flow after 
deployment of DES in the proximal LMCA. TIMI, thrombolysis 
in myocardial infarction; DES, drug eluting stent; LMCA, left 
main coronary artery.

undiagnosed (7). Case 2 had no prior history of documented 
PAH and her initial presentation of LMCA compression 
was ischemia-driven malignant arrhythmia leading to 
cardiac arrest.

In stable clinical settings, patients with a history of PAH 
presenting with symptoms of ischemia, a non-invasive 
method of elucidating the degree of extrinsic compression 
can be done using multidetector computed tomography 
(MDCT) or cardiac magnetic resonance imaging (CMRI). 

These imaging modalities can help identify the size of the 
pulmonary dilation and its association with the LMCA, 
along with the LMCA takeoff angle. In addition, it can 
evaluate CAD, the underlying cause of PA dilation, and 
ventricular function (8,9). Patients with high clinical 
suspicion for ischemia or with suspicious non-invasive 
findings should undergo cardiac catheterization for 
definitive diagnosis and treatment and IVUS imaging is 
recommended if extrinsic compression is suspected (6). 
Furthermore, IVUS can guide with identifying appropriate 
stent size as well as length of deployment. 

Multiple correlations with the presence of LMCA 
compression in PAH patients have been identified. On 
MDCT, LMCA takeoff angle is measured in reference to 
the sinus of Valsalva and an angle of <60 degrees has been 
associated with a higher risk of LMCA compression (8,10). 
Furthermore, it is more likely with a PA diameter >40 mm 
or a PA to ascending aorta diameter ratio of >1.2 (5,11). In 
one cohort of 26 patients, it was not present in patients with 
PA diameter <40 mm or PA to ascending aorta diameter 
ratio <1.2 (4). Moreover, it appears to be more common in 
younger patients with a higher incidence in women (11). 
Case 2 had a dilated PA most likely secondary to pulmonary 
hypertension as shown in the heart catheterizations values, 
however, interestingly the PA diameter was less than 40 mm 
(32.2 mm) and PA to ascending aorta diameter was 0.87 
(32.2/37). Yet, she had LMCA compression with myocardial 
ischemia. 

Regarding the treatment of LMCA compression in the 

https://www.sciencedirect.com/topics/medicine-and-dentistry/ascending-aorta
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24 mm24 mm

18 mm18 mm

Figure 5 Computed tomography angiography showing dilated PA of 32.2 mm at the level of bifurcation (A) and ascending aorta diameter of 
37 mm (B). PA, pulmonary artery; Avg., average. 

Figure 6 Computed tomography angiography revealing the LMCA stent between the left coronary sinus and the dilated PA. LMCA, left 
main coronary artery; PA, pulmonary artery.

setting of PAH, there are no guidelines available regarding 
the optimal therapy. Revascularization with percutaneous 
coronary intervention (PCI) and stenting or CABG has been 
reported, with several reports of successful PCI with stenting 
with favorable results (5,8,9,12). In one report, Galiè et al. 
describe the safety and the efficacy of PCI with stenting 
in 45 patients with LMCA compression in the setting of 
PAH with favorable outcomes at 36 months follow-up  
period. In the same report, the rate of restenosis was only 
11%, and suggested mechanisms included mechanical 
recoil, continued recompression, and in-stent-neo intimal 

hyperplasia, and they were all treated successfully with 
repeat PCI and stenting (5). In the largest prospective series 
of PCI stenting for LMCA compression in patients with 
PAH, it was deemed to be safe with a cumulative survival of 
69% at a follow-up period of 5 years which is the longest 
follow-up period in this patients’ population (13).

From the available literature, we have learned a few 
pitfalls regarding PCI stenting for LMCA compression in 
PAH. Precise stent positioning is difficult in comparison to 
atherosclerotic plaque. Additionally, avoiding short stents, 
and the use of DES is recommended to decrease the risk 

32.2 mm32.2 mm Distance: 39 mm × 37 mmDistance: 39 mm × 37 mm
Area: 11 cmArea: 11 cm22

Avg. diameter: 37 mmAvg. diameter: 37 mm
Perimeter: 117 mmPerimeter: 117 mm

A B
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A 66-year-old 
with HTN, HLD, 
DM2 admitted 
for ACS (NSTEMI) 
and acute HF 
exacerbation

Peak troponin I  
4.08 ng/mL and 
BNP ~1,500 pg/mL. 
TTE w/ EF 25–30% 
with wall motion 
abnormalities

LHC with 
multivessel 
coronary artery 
disease, therefore 
CT surgery was 
consulted

POD-3, patient had VT 
storm and cardiac arrest 
requiring 18 shocks and 
multiple pressors and 
inotropes, with ROSC 
after 1 hour

In the CVICU, 
patient continued 
to have worsening 
cardiogenic shock

Given multi-organ 
failure, family 
transitioned patient 
to comfort care. 
Patient passed away 
on 4-Nov-2021

Treated for ACS with 
aspirin, clopidogrel 
and therapeutic 
heparin. Diuresed 
with Lasix

GDMT initiated

Underwent 4vCABG 
after clopidogrel 
washout. Intra-
operative TEE stable

Impella 
placed

CRRT 
initiated for 
renal failure

Emergent coronary angiogram revealed 
SVG-PDA with thrombotic occlusion  
s/p PCI with DES. IVUS noted extrinsic 
compression of the venous graft by 
the chest tube drain that was inserted 
during the CABG procedure

23-Oct-2021 24-Oct-2021 28-Oct-202125-Oct-2021 31-Oct-2021 2-Nov-2021 3-Nov-2021 4-Nov-2021

A 59-year-old with cirrhosis, 
HTN, HLD admitted for 
NSTEMI. Labs w/ peak 
troponin I 12.98 ng/mL, Mg 
1.2 mg/dL and K 3.5 mEq/L

Hours later, goes into 
VF arrest. Suspicious 
of ischemia as well as 
abnormal electrolytes. 
ROSC in 8 min

In the ICU, DES 
treated with 
ticagrelor and 
aspirin

In the ICU, course 
complicated by 
worsening septic shock 
and decompensated 
cirrhosis

Given worsening 
clinical status, family 
transitioned patient to 
comfort care. Patient 
passed on 2-Sep-2021

Emergent coronary angiogram revealed 
critical ostial LMCA 95% stenosis. IVUS 
showing minimal atherosclerosis with 
extrinsic compression of LMCA between 
the pulmonary artery and coronary sinus 
s/p DES with TIMI III flow after

RHC revealed:
RA 12 mmHg
PAP 61/32/45 mmHg
PCWP 28 mmHg

CTA heart revealed 
dilated PA 2/2 mmHg 
severe pulmonary 
HTN

18-Aug-2021 19-Aug-2021 27-Aug-2021 2-Sep-2021

Figure 7 Case 1 timeline presented according to the CARE guidelines. HTN, hypertension; HLD, hyperlipidemia; DM2, diabetes mellitus 
type 2; ACS, acute coronary syndrome; NSTEMI, non-ST elevation myocardial infarction; HF, heart failure; BNP, B-type natriuretic 
peptide; TTE, transthoracic echocardiography; EF, ejection fraction; LHC, left heart catheterization; CT, computed tomography; POD, 
post-operative day; VT, ventricular tachycardia; ROSC, return of spontaneous circulation; CVICU, cardiovascular intensive care unit; 
GDMT, guideline directed medical therapy; 4vCABG, four-vessel coronary artery bypass graft; TEE, transesophageal echocardiography; 
SVG, saphenous venous graft; PDA, posterior descending artery; s/p, status post; PCI, percutaneous coronary intervention; DES, drug 
eluting stent; IVUS, intravascular ultrasound; CRRT, continuous renal replacement therapy. 

Figure 8 Case 2 Timeline presented according to the CARE guidelines. HTN, hypertension; HLD, hyperlipidemia; NSTEMI, non-
ST elevation myocardial infarction; Mg, magnesium; K, potassium; VF, ventricular fibrillation; ROSC, return of spontaneous circulation; 
min, minutes; ICU, intensive care unit; DES, drug eluting stent; LMCA, left main coronary artery; IVUS, intravascular ultrasound; 
TIMI, thrombolysis in myocardial infarction; RHC, right heart catheterization; RA, right atrium; PAP, pulmonary artery pressure; PCWP, 
pulmonary capillary wedge pressure; CTA, computed tomography angiography; PA, pulmonary artery.
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of restenosis (13). The choice of the stent is typically at 
the discretion of the operator; however, the durability of 
the stents, concomitant medication regimen, and patient’s 
comorbidities should be considered. Moreover, it is 
important to note that bare-metal stents (BMS) have greater 
durability of radial force against extrinsic compression than 
DES, especially in a large LMC diameter. Additionally, 
BMS is preferred in patients with a history or risk of 
bleeding given a shorter course of dual antiplatelet therapy. 
On the other hand, DES is better in term of lowering the 
rate of in-stent restenosis (5). Regardless of the choice of 
the stent, it is important to note that, LMCA ostium stents 
are at a higher risk of displacement into the aorta (14).  
Although PCI with stenting has favorable procedural 
tolerance and outcomes, the long-term outcomes of this 
strategy are still not well established. 

Revascularization by CABG has also been reported; 
however, most patients with PAH are usually high surgical 
candidates with increased mortality (15,16). In instances 
where the PA dilation is secondary to congenital heart 
disease or cardiac shunts, surgical intervention is the 
appropriate intervention to prevent progressive dilation of 
the PA. Lastly, in patients with PA dilation secondary to 
PAH, they should also be started on appropriate pulmonary 
hypertension therapies to treat the underlying cause of the 
dilation and to prevent future worsening dilation (10).

Compared to PA dilation, coronary arteries compression 
secondary to chest tubes is extremely rare. To the best of 
our knowledge, there are only a few reports in the literature 
of chest tube compression of the coronaries leading to 
ischemia. Moreover, there is scarce data regarding the 
complications of chest tubes post-operatively in cardiac 
patients. Reported complications included pneumothorax, 
drains entrapped under sternal wires, lung injury, 
perforation of the diaphragm, intestinal perforation, rupture 
of the vein graft, and in extremely rare instances extrinsic 
compression of the epicardial coronaries or grafts (17).  
External compression of coronary arteries from chest 
tubes or drains causing myocardial ischemia can present 
post-operatively in cardiac patients with different clinical 
scenarios that include hemodynamic instability, cardiogenic 
shock, increase in cardiac markers, and electrocardiogram 
(EKG) changes (17-21).

The treatment usually involves removal or adjustment 
of the offending drain, DES or BMS can be used however 
is not necessary as removing or adjusting the drain often 
results in resolution of blood flow (18). In our patient, 
the myocardial ischemia caused by external compression 

of the chest tube on the SVG presented as an extreme 
clinical presentation of malignant arrhythmia that required 
emergent coronary angiogram for diagnosis and treatment 
by adjusting the drain and placing DES, patency of SVG 
was demonstrated three days later on the repeat coronary 
angiogram as shown in Figure 2D. Therefore, caution is 
needed to the details of the chest tube placement and its 
mechanical complications, and a high degree of suspicion 
for such a complication is needed when the patient exhibits 
unexcepted post-operatively cardiac ischemia. Coronary 
angiogram allows for diagnosis and treatment in a timely 
manner. 

Conclusions

Extrinsic compression of the coronaries secondary to PA 
dilation or mechanical obstruction from nearby chest 
tubes or drain can cause ischemia and lead to catastrophic 
consequences. High clinical suspicion is warranted for 
proper diagnosis and treatment. In suspected LMCA 
compression from dilated PA in PAH patients, a non-
invasive imaging modality with MDCT or CMRI is 
recommended, however in urgent settings or high suspicion 
for ischemia, coronary angiogram with IVUS should be 
done. Despite the lack of guidelines on the treatment, PCI 
with stenting has been shown to be effective and safe. In 
cardiac patients, if ischemia is noted intra-operatively or 
in the postoperative period, mechanical compression of 
the coronaries from nearby chest tubes or drain should 
be considered and diagnosis with coronary angiogram is 
recommended. Appropriate adjustment or removal of the 
chest tube must be performed. 
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