Introduction 
Coronary heart disease (CHD) is by far the leading cause of premature morbidity and mortality in the United States. At present, proven therapies include lifestyle modifications, drugs, and procedures. Despite the availability and underutilization of these proven therapies, many patients seek out and receive alternative therapies, including the commonly used complementary and alternative medicine (CAM) practice called chelation therapy. Chelation therapy, as practiced in the CAM community, involves the intravenous administration of disodium ethylenediaminetetraacetic acid (EDTA), combined with high dose antioxidant vitamin and mineral supplements. Thus, any clinical benefit may be due to the effect of EDTA chelation, high dose antioxidant vitamins and mineral supplements, or both. It has been estimated that in the last few years, over one million patients received more than 20 million infusions1 “with no serious adverse effects”, but this has not been well-documented. The prevalence of chelation therapy, the many reports of benefit from its proponents, and the cautionary advise of traditional medical organizations have led NCCAM and NHLBI to fund this large-scale 5-year Trial to Assess Chelation Therapy (TACT). 
The present document describes the background, rationale, study design, safety monitoring, and analysis plans for TACT. 
EDTA Chelation Therapy 
The mechanistic hypothesis of TACT is that EDTA chelation of divalent and trivalent ions such as calcium, zinc, cadmium, manganese, iron, and copper reduces atherosclerotic plaque hence leading to a reduction in subsequent major vascular events. Several potential mechanisms of action for these beneficial effects have been proposed2, some of which are reviewed below. 
Basic Research 
Chelate comes from “chele” which is Greek for the claw of a crab or lobster implying a firm, pincer-like binding of a metal compound by a chelating agent3. EDTA binds ionic calcium and other divalent cations and trace elements (such as zinc) and transports them in bound form out of the body in urine.4 EDTA was patented in 1938,5 at a time when there was a military need to find effective antidotes to possible chemical warfare agents such as arsenic. Also during this time EDTA became the common treatment for lead poisoning. During some clinical applications of EDTA for lead poisoning in patients with established atherosclerotic disease, improvements in symptoms of CAD were reported. Consequently, in the 1950’s a series of case reports were written describing the effects of EDTA in treating patients with atherosclerosis. For example, Clarke reported that EDTA was effective in removing metastatic calcium deposits.6 In another series, he described symptomatic improvements for patients with angina pectoris7. Supportive data were offered in the form of serial chest radiographs that showed improvement in mitral valve calcification. 
An appreciation that coronary and other vascular calcification exists in atherosclerosis led to the hypothesis that EDTA, by virtue of its calcium-chelating actions, could be anti-atherogenic. Bolick and Blankenhorn8 performed an in vitro study on the effectiveness of calcium removal. They were able to remove calcium deposits from normal and diseased coronary arteries, using a version of EDTA called NH4-EDTA. They demonstrated that coronary atheromatous plaque contained at least as much calcium per unit weight as similar depositions in aortic or iliac lesions. This demonstration of in vitro decalcification of heavily calcified coronaries with EDTA gave support to the concept of EDTA as an antiatherogenic agent. Indeed, it is the central role of the decalcification in the use of EDTA chelation that has led to the consistent use of disodium EDTA, as calcium EDTA will not bind additional divalent cations. 
In 1990, Kaman et al9 reported the effect of EDTA on calcified rabbit aortas. On average, the aortic calcium score of standard diet-fed rabbits was 316; the score of cholesterol-fed rabbits was 696. The score of cholesterol-fed but EDTA-treated animals was much more like that of the animals fed a standard diet (score=292). There was a statistically significant difference in the quantitative analysis of calcium in the groups treated with EDTA, compared to that of the other groups.9 
From a practical perspective, atherosclerotic plaques are integral components of the arterial wall, and may not be exposed to circulating EDTA. Although elevated amounts of calcium have been obtained in urine samples, the calcium may be more readily mobilized from bones and blood, rather than selectively originating from plaques. Thus, there is little rigorous scientific evidence that EDTA chelation selectively decalcifies atherosclerotic plaque, a mechanism central to the effectiveness proposed for chelation therapy by its proponents. 
In addition to the possibility that EDTA chelation therapy assists in the decalcification of artherosclerotic plaque, there is evidence that oxidative stress in the vasculature, a mechanism of endothelial dysfunction in atherosclerosis and related disease states,10 is reduced by EDTA chelation therapy. Oxidative stress is produced when above-normal levels of superoxide occur which leads to impaired endothelium-dependent vasodilation.11 Chronic increases in superoxide are associated with lipid peroxidation. Oxidized LDL (ox-LDL) is cytotoxic to endothelial cells12 and inactivates NO directly.13 Ox-LDL also reduces eNOS protein in endothelial cells.14 
Redox active transition metals ions are a well-recognized source of oxidative stress in the vasculature.15 For example, iron is a catalyst for the formation of the highly reactive hydroxyl radical via the Fenton displayed in reactions 1 and 2. 
(1) 2O-.2 + 2H+ > H2O2 + O2 
(2) Fe2+ + H2O2 > HO . + HO- + Fe3+ 
In the presence of additional superoxide anion (O-.2), Fe3+ is reduced back to Fe2+, thus establishing a catalytic redox cycle. Similar chemistry exists for copper-mediated formation of hydroxyl radical. Free copper and iron are known to induce oxidation of lipids and proteins, processes that depend, in part, on metal ion-dependent formation of reactive oxygen species.16 Cell-mediated LDL oxidation also depends on the availability of metal ions.17 
Some epidemiological evidence shows that increased body stores of iron18 or copper19 are associated with increased CAD risk, however, other epidemiological studies have failed to show such a relationship for iron.20 Further supporting the role of metal ions in the pathogenesis of atherosclerosis is the observation that human atherosclerotic tissue contains redox active iron and copper,21 while normal tissue does not. In addition to impairing endothelial function by stimulating LDL oxidation, metal ions also may have direct effects that contribute to atherogenesis and vascular dysfunction. 
For example, inorganic iron has been shown to accelerate endothelial cell apoptosis.22 Furthermore, iron contributes to NFκB activation23 and to expression of VCAM-1 in endothelial cells.24 Finally, iron directly binds NO, as evidenced by the reaction of NO with heme iron in guanylyl cyclase. On the basis of these observations about metals, investigators posit that transition metals may contribute to atherogenesis by stimulating LDL oxidation. Thus, even if the presence of redox active iron and copper in atherosclerotic lesions is a secondary rather than a causative phenomenon, chelation of these species has the potential to improve vascular function and reduce CAD risk. In fact, iron chelation with intravenous deferoxamine recently was shown to improve endothelium-dependent vasodilation in the coronary arteries of patients with diabetes mellitus.25 
Case reports and case series 
The majority of the clinical literature that reports the benefits of chelation therapy is in the form of case reports and case series.26 Most case series report on an individual practitioner’s clinical practice. Cranton27 reports that by 1993, there were more than 4600 documentary outcome reports supporting chelation therapy. These studies may be interpreted to suggest a striking benefit of chelation therapy; however, most do not have control groups, patient selection criteria are overly broad, measurements of endpoints are inconsistent, and follow up is incomplete. A cautious interpretation of this literature suggests that there are ample suggestions of benefit, but clear evidence is lacking. For the sake of brevity, only 3 representative studies spanning nearly 3 decades will be reviewed here; selected others are listed in Table 1 below. 
In 1963, Kitchell and co-workers28 reported on 28 patients with severe angina who underwent chelation therapy. Patients were monitored with exercise testing (fixed speed and inclination treadmill and Master’s two-step). The authors concluded that early after chelation, there was little improvement. However, within 3 months of therapy, about 60% of patients reported improvement based both on patients’ impression and their documented exercise tolerance. Nonetheless, the benefit was not felt to be long-lasting. 
Olszewer and Carter29, in 1988, reported a retrospective analysis of 2870 patients treated at a private clinic in Sao Paulo, Brazil, who underwent chelation therapy between May 1983 and September 1985. Patients received a total of approximately 81,000 infusions. The protocol used was that recommended by the American Academy of Medical Preventics; and consisted of EDTA 50 mg/kg body weight given over 3 - 3.5 hours. Additives included vitamin C, B complex, and magnesium. There were 120 patients lost to follow up who were censored from the report. Treatments were given 2-3 times weekly. General lifestyle advice and oral multivitamins were also administered. Cardiac disease was present in 29.4%, peripheral vascular disease in 39.4%, cerebrovascular and degenerative disease of the CNS in 17.7%, scleroderma in 0.1%, and other geriatric vascular diseases in 13.4%. Of the 844 patients who had a diagnosis of ischemic heart disease, most (57.6%) had coronary insufficiency without infarction, 27.6% coronary insufficiency and infarction, and 4.8% coronary insufficiency with other complications. The authors report that 76.9% of patients had a marked improvement, defined as a positive stress test that subsequently became negative after a course of chelation therapy. 
Casdorph30, in 1981, reported a case series of 18 patients in whom left ventricular ejection fraction was measured with radionuclide ventriculography preceding and following 20 weekly 3-hour infusions of 3 grams of disodium EDTA in 250 cc of lactated Ringer’s with 200 mg of lidocaine added to the infusate. The average improvement in ejection fraction was 5.8% (range -2% to 16%) and was highly significant (p<0.001). 
         Table 1: Summary of Case Series 
	First author (year) 
	Sample Size 
	Outcome measures 
	Result 

	Clarke (1955)6 
	22 
	symptoms 
	some improvements 

	Clarke (1956)7 
	20 
	symptoms 
	19 improved, 1 died 

	Boyle (1957)31 
	20 
	symptoms, ECG significant 
	improvements 

	Meltzer (1960)32 
	10 
	symptoms, ECG 
	9 improved 

	Clarke (1960)33 
	76 
	symptoms 58 
	improved 

	Kitchell (1961)34 
	10 
	symptoms 9 
	improved 

	Boyle (1961)35 
	10 
	symptoms, ECG 9 improved 
	

	Meltzer (1961)36 
	81 
	not stated 
	“effective” 

	Kitchell (1963)28* 
	28 
	symptoms, ECG 
	18 improved, 

	Lamar (1964)37 
	15 
	symptoms 15 
	improved 

	Lamar (1966)3 
	3 
	symptoms 
	1 improved, 1 died 

	Evers (1979)38 
	3000 
	symptoms 
	>90% improved 

	Casdorph (1981)30* 
	18 
	ejection fraction 
	17 improved 

	Robinson (1982)39 
	248 
	symptoms, ECG 
	significant improvements 

	Olszewer (1988)4* 
	844 
	symptoms 
	821 improved 

	McGillen (1988)40 
	1 
	angiography 
	No evidence of benefit 

	Wirebaugh (1990)41 
	1 
	angiography 
	No evidence of benefit 

	Deycher (1992)42 
	215 
	symptoms 
	70% improvement 

	Hancke (1992)43 
	42 
	Need for surgery
	39 cancelled surgery 

	Hancke (1993)44 
	470 
	symptoms 
	Significant improvements 


*Described in text 
In most of these case reports and series, severe adverse events were not reported. 
Randomized Trials 
Only 3 randomized trials of EDTA chelation for patients with atherosclerotic vascular disease have been conducted. A fourth trial, our Pilot to Assess Chelation Therapy (PACT), currently is ongoing, but we have analyzed safety data of patients in the chelation arm. 
The first trial by Guldager et al45 enrolled 159 patients with stable intermittent claudication for at least 12 months, and excluded patients with underlying conditions such as renal insufficiency, cardiac disease, or diabetes. The treatment regimen consisted of 20 infusions administered over 5 to 9 weeks. Patients also received oral supplements of multivitamins and magnesium. Findings indicate no differences in any parameters studied in the EDTA-treated group compared to placebo/control group. 
Van Rij46 reported the second trial in 1994. This trial included 32 patients with peripheral vascular disease confirmed by angiography. Diabetics were excluded, and patients were required to stop smoking. The active infusion consisted of 3.0 g of EDTA 0.76g magnesium chloride, and 0.84 g sodium bicarbonate in normal saline, to a total volume of 500 ml. The placebo infusion was 500 ml of normal saline. Both groups received parenteral vitamin supplements. There were no significant differences reported in pain-free walking distance, or total walking distance when the EDTA-treated group was compared to the placebo group. At 3 months after treatment, however, resting ankle-brachial index showed some improvement in the chelation group in both legs, with a significant between-groups effect favoring chelation. An extensive analysis of quality of life also was performed, with mixed results. Although there were no differences in scales measuring general health and effect of poor circulation on life activities, chelation patients scored better on 2 scales that rated the level of physical activity (p<0.05 for between-groups differences) 3 months after therapy. 
Knudtson and colleagues47 carried out the Program to Assess Alternative Treatment Strategies to Achieve Cardiac Health (PATCH), a 6-month randomized trial that measured exercise capacity in 84 stable angina patients randomized to receive either EDTA treatment or placebo. Patients were eligible to participate in the trial if they were over the age of 21, had proven CAD, stable angina pectoris, and > 1 mm ST-segment depression within 2-14 minutes on a gradually ramping treadmill test. There were 39 patients ultimately randomized to each treatment group, receiving 40 mg/kg of EDTA up to a maximum of 3 g, or placebo. Both were administered in an IV saline solution over a 3-hour period, 2 times per week over 15 weeks, then once per month for 3 months, for a total of 33 treatments. All patients were given oral multivitamins. There were no significant differences in clinical outcomes between the treatment groups. There were no deaths, 2 MIs (1 in the chelation group and 1 in the placebo group), and 15 hospitalizations for worsening angina (9 in the chelation group and 6 in the placebo group). Both groups were able to increase their exercise times approximately 1 minute, an improvement that the investigators attributed to placebo or "training" effect. The investigators concluded that a trial of far larger sample size was necessary to reach any definitive conclusions. 
The Pilot to Assess Chelation Therapy (PACT) is an ongoing 40 patient randomized trial of chelation therapy versus placebo, with change in endothelium-dependent, flow-mediated brachial artery dilation as its primary endpoint, in patients who fulfill the TACT entry criteria. The chelation protocol consists of 15 weekly infusions of chelation therapy according to the protocol of ACAM. The placebo group receives 15 infusions of normal saline. The methodology and algorithms for calculating and adjusting EDTA dose are identical to those of TACT. All patients receive a low-dose vitamin supplementation regimen. The total cohort of 40 patients has been enrolled (chelation=30 patients; placebo =10 patients). Although the study has not yet finished, we have analyzed safety data in the 30 chelation patients. As presented in detail in Section 6.2.1.3, “Reports of Human Toxicities in PACT,” PACT provides reassuring data on blood pressure, pulse, renal, electrolyte, calcium and hematological parameters. 
TACT: Closing the Gap in Knowledge 
At present, the totality of evidence on chelation therapy includes basic research, clinical investigation, descriptive and observational epidemiologic studies and 3 small, randomized trials. Despite the insufficient totality of evidence on which to safely base rational individual patient as well as policy decisions, there have been over 20 million infusions given over the last few years.1 There are standardized infusion protocols and training programs. Furthermore, chelation therapy is taught to physicians by organizations such as the American College for Advancement in Medicine (ACAM), and the International College of Integrative Medicine (ICIM). Following adequate training, practitioners who pass an examination become certified by the American Board of Chelation Therapy (ABCT). 
All these theoretical and practical reasons provide support for the conduct of TACT, a large scale, randomized, double-blind, placebo controlled trial with clinical CVD endpoints. In general, the timing of a trial is a delicate matter. On the one hand, there must be sufficient belief in a favorable benefit to risk ratio of the intervention to justify exposing half the subjects. On the other hand, there must be sufficient doubt to justify withholding the intervention from the other half. Thus a state of equipoise exists. From a clinical and public health perspective, chelation is in equipoise and TACT will close the gap in knowledge regarding the potential benefits and risks of chelation therapy. 
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