Case Report and Brief Review JINVASIVE CARDIOL 2013;25(4):E66-E68

Physical Exertion at High Altitude — Another Risk Factor for Coronary
Stent Thrombosis?
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ABSTRACT: We report 2 cases of very late stent thrombosis (VLST) in patients previously
treated with drug-eluting stent (DES). In both cases, VLST occurred during intense physical
activities at high altitudes. Exposure to high altitudes alters the coagulation cascade, platelet
morphology, and function, resulting in a hypercoagulable state. In addition, strenuous exercise
provokes a procoagulant state along with increasing the risk of endothelial damage through the
effects on coronary blood flow. In light of these cases, we hypothesize that individuals who are
involved in intense physical activities at high altitudes may be at increased risk of stent
thrombosis. Use of DES in such patients should be carefully considered.
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Drug-eluting stents (DESs) have galvanized coronary intervention with significantly lower rates
of restenosis in comparison to bare-metal stents (BMSs) and are currently the first choice of
stents in most cases of coronary intervention. However, a steady trickle of reports and
publications on very late stent thrombosis (VLST) have questioned their long-term safety. The
factors responsible for VLST are less well understood. We encountered two cases of VLST that
occurred in unique situations (described below). We have drawn evidences from the literature
and propose a hypothesis that poses another risk factor for VLST.

Case 1

A 58-year-old man underwent coronary angiography for stable angina in 2008, and was found
to have significant focal disease in the proximal and mid-segment of the left anterior descending
artery (LAD) (Figure 1A). The left circumflex artery was chronically occluded with excellent
collaterals from the right coronary artery, which itself had only mild plaque disease. The patient
was not keen for surgical revascularization and hence was treated by percutaneous coronary
intervention (PCI). He underwent deployment of two overlapping sirolimus-eluting stents in the
LAD without any complications (Figure 1B). There was resolution of his symptoms following
PCI and he was subsequently discharged after follow-up exam. He completed 1 year of dual-
antiplatelet therapy (aspirin 75 mg once daily and clopidogrel 75 mg once daily) and continued
on life-long aspirin 75 mg once daily. Eighteen months after stent implantation, he developed
sudden onset of chest pain while involved in cross-country skiing in Vail, Colorado in the United
States at an altitude of 3000 meters. Further assessment at a local hospital led to a diagnosis of
anterior ST-segment elevation myocardial infarction. Coronary angiography demonstrated acute
thrombotic occlusion of the stent in the mid-segment of LAD (Figure 1C). His symptoms had
settled at the time of coronary angiography with resolution of electrocardiographic (ECG)
changes. In view of this, he was managed conservatively, and was repatriated to the United
Kingdom. Six weeks later, he had viability assessment of the anterior wall, which was not only
viable but also demonstrated significant inducible ischemia. Given his coronary anatomy, he
underwent uncomplicated coronary bypass grafting after discussion with the surgeons and is
doing well.



Case 2

A 75-year-old man was investigated for angina in 2006. Coronary angiography demonstrated a
significant lesion in the proximal segment of the LAD with only mild disease in the other two
coronary arteries (Figure 2A). The LAD disease was successfully treated with 2 overlapping
sirolimus-eluting stents (Figure 2B). He was prescribed dual-antiplatelet therapy for 12 months
(aspirin 75 mg once daily and clopidogrel 75 mg once daily) and was advised to continue life-
long aspirin (75 mg once daily). Four years after stent implantation, he developed acute onset of
severe chest pain while hill walking in Ben Nevis in the Highlands of Scotland at an altitude of
1300 meters. He was transferred to a local cardiology unit via air ambulance and his initial
ECG exhibited anterior ST-segment elevation myocardial infarction. Coronary angiography
subsequently exhibited acute thrombotic occlusion of his LAD within the stented segment (Figure
2C). The occlusion was treated by deployment of 2 further DESs and he made an uneventful
recovery. He now remains on life-long clopidogrel and aspirin.

Discussion

The use of DESs in PCI has risen exponentially in the last decade. Stent thrombosis is an
uncommon but serious complication that often presents as myocardial infarction (usually with
ST-segment elevation) and/or death."”

Acute stent thrombosis is usually related to procedural problems, such as incomplete stent
expansion, presence of dissection, or thrombus. Subacute and late stent thrombosis are often due
to premature cessation of antiplatelet therapy.” Although the risk factors for VLST are not well
defined, it is attributed to delayed neointimal coverage, ongoing vessel wall inflammation, and
late acquired incomplete stent apposition.™* In the setting of delayed neointimal coverage,
changes in the coagulation cascade, status of blood cells (platelets and red blood cells), and/or
hemodynamics may potentiate the development of stent thrombosis.

Exposure to high altitude has various physiological effects, such as hypoxia, hyperventilation,
and tachycardia.” Thrombosis is a well-recognized complication following exposure to high
altitude and has been attributed to alterations in the coagulation cascade, hematocrit values, and
platelet count and function.®’ Two studies have demonstrated significant and sustained elevation
of platelet count on ascent to high altitudes.®® The mean platelet volume and platelet activities
(adhesiveness and aggregation) are shown to be significantly increased at high altitudes.'""
Furthermore, hypoxic conditions seen at high altitudes can lead to long-term effects on the red
blood cells, such as increased cell volumes and hemoglobin levels, and are associated with an
increase in the myocardial work load.” A combination of these factors probably increases the risk
of coronary thrombosis and myocardial infarction at high altitudes.

It is a well-known factor that myocardial infarction can be triggered by heavy or intense physical
exertion.'®"” This is due to a combination of various factors, such as increased activity of
platelets and coagulation factors.'®** Kestin et al demonstrated transient platelet activation,
platelet hyperreactivity and increased platelet count with strenuous exercise.'” Another study by
Aurigemma demonstrated similar effects in patients with known coronary artery disease
following exercise.”” Healthy individuals can react to these changes in platelets by acutely
increasing their fibrinolytic capacity. However, it is proposed that reduced fibrinolytic potential
in patients with ischemic heart may increase the risk of acute ischemic events upon extreme
physical exertion.”" Increase in the levels of fibrinogen, factor VIII and von Willebrand factor
(vWF) have also been noted following heavy exercise, which may contribute toward the
development of thrombosis.*

In our patients, stent thrombosis occurred 1 year after the procedure and more importantly the
event was triggered during intense physical exertion at high altitudes.



There are 4 reported cases of stent thrombosis following heavy exercise.”*” In one of the reports,
platelet function studies performed before and after the exercise demonstrated hyperactivity of
platelets.” Interestingly in another report, stent thrombosis was encountered during cross-country
skiing, although the authors have not brought any correlations.” In addition, our patients had
overlapping DESs, which may have played a potential contributory role for the generation of
stent thrombosis.

Reviewing these evidences along with our cases, we hypothesize that intense physical activities
undertaken at high altitudes in patients with semi-endothelialized stents may pose an additional
risk for stent thrombosis. The choice of stent type (BMS versus DES) needs to be clearly
discussed with patients who have such aspirations (extreme exertion at high altitudes). If DESs
are clinically indicated, it may be pragmatic to consider dual-antiplatelet agents for the long
term. This may not be an issue with new-generation bio-absorbable scaffolds. However, such
stents are not currently used globally and most centers still rely on first- and second-generation
DESs, which have an associated risk of VLST.

Limitations

Although we have drawn indirect evidences from the literature on platelet activities at high
altitude and during extreme physical exertion, we could not perform platelet functional studies
on our patients as they were assessed at different hospitals, which lacked such facilities at the
time of event. Due to similar reasons, intravascular ultrasound studies could not be performed to
understand the mechanism of stent thrombosis. The availability of these two investigations could
have strengthened our case report.

Conclusion

The issue of VLST has questioned the long-term safety of DESs. We reported two cases of
VLST that occurred in individuals involved in strenuous activities at high altitudes.
Consideration of DESs in individuals with such interests (frequent strenuous physical exertion at
high altitudes) must be carefully considered and patients should be involved in decision making.
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Figure 1. Coronary angiograms of case 1. (A) Significant focal disease in the proximal and mid-
segment of the left anterior descending (LAD) artery. (B) Deployment of two overlapping
sirolimus-eluting stents in the LAD. (C) Eighteen months later, coronary angiography
demonstrated acute thrombotic occlusion of the stent in the mid-segment of the LAD.
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Figure 2. Coronary angiograms of case 2. (A) Significant lesion in the proximal segment of the

left anterior descending (LAD) artery with only mild disease in the other two coronary arteries.

(B) After treatment with 2 overlapping sirolimus-eluting stents. (C) Four years later, the patient
subsequently exhibited acute thrombotic occlusion of his LAD within the stented segment.
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