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Abstract

Treatment of solid tumor malignancies involves the use of toxic chemotherapeutic agents with potentially life threatening complications and requires vigilance on the part of the physician in promptly recognizing potential adverse effects. We describe a 39 year-old Korean male with history of poorly differentiated gastric adenocarcinoma, who presented with chest pain and shortness of breath 12 hours after completing the first 5-FU cycle. His ECG showed inferior-posterior STEMI. Troponin peaked at 39. He was started on nitroglycerin and heparin drip. His emergent angiography revealed diffusely ectatic coronary arteries. Intracoronary nitroglycerin injection resulted in almost complete resolution of stenosis. He was discharged on aspirin, clopidogrel, atorvastatin, isosorbide mononitrate and amlodipine. It was decided to avoid treatment with 5-FU for his gastric cancer in the future.











Case Presentation

A 39 year-old Korean male with history of poorly differentiated gastric adenocarcinoma, stage IIA (pT2N0M0) status post total gastrectomy and distal esophagectomy who completed the first 5-FU cycle 12 hours prior the presentation to our hospital for chest pain and shortness of breath with one hour duration. He received 5-FU as a continuous IV infusion for 46 hours. Chest pain was substernal, pressure-like, and constant and associated with diaphoresis. ECG showed inferior-posterior STEMI (Figure 1).
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Figure 1  EKG upon patient's presentation which showed ST elevation in lead II, III, aVF with reciprocal changes in the anterior leads.





Patient was started on nitroglycerin and heparin drip. A limited echocardiography revealed an ejection fraction of 45- 50% with severe hypokinesis of the basal and mid infero-lateral myocardium. He was taken emergently to the catheterization lab for coronary angiography where he was found to have diffusely ectatic coronary arteries (Figure 2). The distal RCA was found to have a focal area with 50-60% stenosis without any evidence of thrombus, which was thought to be the culprit lesion based on the EKG and echocardiographic findings. After intracoronary nitroglycerin injection there was almost complete resolution of stenosis with significant improvement in the filling of the RCA distal segments. Post angiography, patient was continued on nitroglycerin with complete resolution of symptoms and repeated ECG 3 hours later showed almost complete resolution of ST elevation (Figure 3). Troponin peaked at 39. He was also found to have an intermediate lesion in the proximal LAD that was assessed 3 days later with a Lexiscan stress test which was negative for ischemia or infarct areas. Given diffuse coronary ectasia, he was evaluated for collagen vascular disease or Kawasaki disease but workup was negative and he did not meet criteria for complete or incomplete Kawasaki. He was discharged on aspirin 81mg once daily, clopidogrel 75mg once daily, atorvastatin 40mg once daily, isosorbide mononitrate 60mg every morning, and amlodipine 10mg once daily. It was decided to avoid treatment with 5-FU for his gastric cancer in the future.
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Figure 2:  The RCA: dominant vessel, diffusely ectatic vessel. In distal segment there is a focal area of 50 - 60% stenosis with TIMI 2 flow (A).
This area of stenosis almost resolved with significant improvement in the filling of distal RCA after intracoronary nitroglycerin (B).
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Figure 3:  Repeat EKG following coronary angiography with ST segments close to full return to baseline.




Discussion


Cardiotoxicities have been reported from the use of 5-FU including acute coronary syndrome, vasospastic angina, coronary thrombosis and dissection, malignant arrhythmias, cardiomyopathy, and sudden cardiac death [1-7]. However, 5-FU has a proven therapeutic benefit and remains an important component of first line adjuvant chemotherapeutic regimens in the management of gastrointestinal malignancies. Hence, careful consideration should be given before discontinuing 5-FU at the cost of decreased therapeuti efficacy of chemotherapy in survival outcomes.

5-FU and its oral prodrug capecitabine are widely used in chemotherapeutic regimens in the treatment of gastrointestinal malignancies. Cardiotoxicities are infrequent but important side effects and may necessitate discontinuation of these medications. Reported incidence of symptomatic cardiotoxicities occur from 1 to 19 percent of patients treated with 5-fluorouracil with severe cardiac events including MI, cardiogenic shock, sudden cardiac death occurring in about 2% of treated patients [8]. Cardiotoxicity was most common during the first cycle of 5-FU chemotherapy [9]. ECG abnormalities during 5-FU administration suggest myocardial ischemia as a plausible mechanism behind most of its cardiotoxic effects [10]. Concept of vasospasm leading to myocardial ischemia has been suggested, since coronary angiography usually failed to show coronary artery stenosis with 5-FU cardiotoxicity [11,17] although coronary artery vasospasm was observed during coronary angiography in rare cases [18-20].

Several suppositions of 5-FU related coronary vasospasm have been proposed. One theory of 5-FU related coronary vasospasm is higher level of endothelin-1 (ET-1) in 5-FU treated patients. ET-1 is a potent vasoconstrictor produced predominantly by endothelial cells [21,22] But under pathophysiological conditions, production of ET-1 is stimulated in several different cells, including vascular smooth muscle cells, cardiac myocytes, cardiac fibroblasts, macrophages, and leukocytes [21-25]. One study showed higher ET-1 level in patients experiencing 5-FU cardiotoxicity during 5-FU treatment than those without cardiotoxicity [26]. This study also showed higher plasma levels of ET-1 in 5-FU treated patients compared with those receiving non-5-FU chemotherapy [26].

Another theory of 5-FU related coronary vasospasm is protein kinase-C (PK-C) mediated vasoconstriction of vascular smooth muscle. Mosseri et al. [4] used ring of aorta from rabbits exposed to different concentrations of 5-FU and pretreated with PK-C inhibitor and observed for vasoconstriction. The result indicated that 5-FU causes direct, endothelin-independent vasoconstriction of vascular smooth muscle in vitro, this vasomotor response involves activation of PK-C, and this response is independent of vasoactive cell membrane receptors, phosphoinositide turnover, or activation of the cyclooxygenase pathway [4].

Coronary artery ectasia predisposes to complications including coronary artery thrombosis, embolism, and vasospasm [27,28]. Contraintuitive to medical reasoning that ectactic vessels are less capable of spasm due to medial damage, ectatic vessels are actually prone to increased risk for spasm. This was elegantly demonstrated by Bove and Vilestra in a provocation experiment with ergonovine which showed augmented 65 to 93% maximal narrowing of ectactic coronary vessels in the study patients compared to 40% maximal reduction in luminal diameter in normal controls [29]. This narrowing was later shown by computer analysis to occur adjacent to the ectactic portions of the coronary vessel and not in the ectactic portions per se [30]. Sorrell et al. [31] suggested a mechanism linking chronic increased local nitric oxide(NO) production to the development of coronary ectasia, which was later supported by experiments documenting locally increased acetylcholine concentrations from downstream inducible NO synthase (iNOS) pathway stimulation [32]. It may be suggested that the local effects of 5-FU, in our patient, may have provoked the ectactic coronary vessels to go into coronary spasm via increased inhibition of a commonly linked hyperactive iNOS pathway.

Increased vasomotor tone due to inhibition of endothelial NO synthases and endothelium-independent vasoconstriction via protein kinase C pathway potentially explains coronary spasm effects of 5-FU [18]. Traditional cardiac risk factors may increase the risk of cardiac side effects and create diagnostic dilemmas. However, isolated case reports and clinical reviews on patients with 5-FU associated cardiac side effects with no known prior heart disease point towards a true causative cardiotoxic potential of 5-FU [8,10]. Cardiac and renal comorbidities, continuous prolonged duration infusion schedules, concomitant cisplatin treatment are potential risk factors for 5-FU associated cardiotoxicity [1,3,6,8]. There are several case reports which showed vasodilator therapies such as calcium channel blocker and nitrate resulted in resolution of chest pain or normalization of ECG changes [33-37]. Prophylactic calcium channel blockers therapy was successful in one case to prevent recurrence of 5-FU-induced variant angina [36].

Our patient presented within 72 hours of his first cycle administration of 5-FU; upto 70% of the side effects have been noted to occur within the first three days of the first cycle of 5-FU [6]. Diagnosis rests on prompt assessment of chest pain with ECG, cardiac troponins and further angiographic studies if there exists high likelihood for coronary artery thrombosis. Therapy with nitrates and CCBs and discontinuation of 5-FU infusion can result in prompt symptom resolution [38-40]. Currently, there exists insufficient evidence to suggest rechallenges with 5-FU but may be considered if there exist no reasonable alternative therapies in the setting of antivasospastic therapy prophylaxis, close clinical monitoring during infusions and with alternate schedule administrations [3,6,38].
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