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There are approximately 8.5 million Americans diagnosed with 
peripheral arterial disease (PAD).1 In spite of management with 
guideline-directed medical therapy, many progress to the most 
severe form of PAD, critical limb-threatening ischemia (CLTI). 
The most severe disease course is seen in patients with diabetes, 
with over 150,000 individuals having the end-stage of the disease, 
resulting in a lower-extremity amputation.2 A systematic review 
reported a 1-year cumulative incidence for mortality and amputa-
tion of  approximately 20% in individuals with CLTI.3 Although 
many new therapies have been made available to improve the 
disease course and avoid lower-extremity amputations, the rates 
of amputations are stagnant. Some data suggest rates in patients 
with diabetes are increasing, so we need to cast a wider net for 
“alternative” therapies to change the course of PAD, specifically 
CLTI, and avoid the life-changing and irreversible outcome of 
lower-extremity amputation.

Substantial evidence supports traditional/conventional risk fac-
tors for PAD. Modern medicine and our arsenal of available treat-
ment options have focused on decreasing, modifying, or stabilizing 
these conventional risk factors to alter the disease course of PAD. 
Diabetes, smoking, dyslipidemia, and hypertension are known to 
increase the risk of developing PAD. Patients with diabetes have 
a 2- to 3-times greater risk of developing lower-extremity clau-
dication compared with patients without diabetes.4,5 In addition, 
diabetes has an increased risk of disease progression to CLTI, with 
70% of nontraumatic lower-extremity amputations in the United 
States occurring in patients with diabetes.6 Much like diabetes, 
cigarette smoking also increases the risk for PAD.7 Previous studies 
have shown the risk is cumulative, and individuals who started 
smoking prior to age 16 have the greater risk.8,9 Tobacco, and 
now electronic cigarettes, are known to have numerous toxic 
components that are hazardous to our health. Although we counsel 
smokers on the importance of smoking cessation to decrease the 
risk of vascular disease, epidemiologic studies have demonstrated 
that it takes about 30 years of smoking cessation for the risk for 
PAD to drop to that of nonsmokers (curiously, the half-life of 
cardmium and lead in the human body).

Current therapy for PAD focuses on altering the conventional 
risk factors through lifestyle modifications such as smoking ces-
sation. Therapies such as antihypertensives, statins, antiplatelets, 
and most recently, dual-pathway inhibition with rivaroxaban, 
have been our mainstays in medical therapy. Endovascular therapy 
has demonstrated an improvement in quality of life and, at times, 

wound healing with revascularization. Yet CLTI still presents as 
a healthcare and human burden in the United States. 

Is It Time to Look at Nonconventional Risk Factors?
The 2021 Scientific Statement from the American Heart As-

sociation (AHA) identified several nonconventional risk factors 
for PAD. These include an increase in inflammatory markers, 
human immunodeficiency virus, depression, and environmental 
factors such as air pollution and metal contaminants.10 Over the 
last decade, epidemiologic evidence has demonstrated an asso-
ciation between metal contaminants, such as lead and cadmium, 
with PAD.11 We may ask ourselves why, in the 21st century, 
we should be concerned with metal contaminants, as we have 
eliminated the use of leaded gasoline and lead paint, and replaced 
some lead-based pipes with polyvinyl chloride. Today, an indi-
vidual has a more than 100-fold lead burden than a preindustrial 
human being. Thus, with evidence of an association between 
environmental pollutants and PAD, how do we modify our risk 
with potential therapies?

In 2003, the Trial to Assess Chelation Therapy (TACT) be-
gan enrolling patients at least 50 years of age with a history of 
myocardial infarction (MI) in a double-blind, placebo-controlled 
trial of 40 edetate disodium-based infusions or placebo.12 Edetate 
disodium is an artificial amino acid with a high affinity to divalent 
cations such as lead, cadmium, and calcium. The first clinical series 
was published in 1956 by Clarke and colleagues, who hypoth-
esized that by treating patients with edetate disodium to decalcify, 
arteries might improve. Although initial small case series were 
promising, the therapy lost supporters during the advent of beta-
blocker therapy and coronary bypass. The edetates, calcium and 
disodium, “jumped” into alternative medicine and were eschewed 
by conventional, or mainstream, cardiology. Chelation received 
a Class III recommendation by the AHA/American College of 
Cardiology for treatment of stable ischemic heart disease or PAD. 
And there matters stood for a potentially useful medical strategy 
until 2002, when the National Center for Complimentary and 
Integrative Health funded the TACT.

Over a 10-year period, TACT enrolled and followed 1708 pa-
tients who received 55,222 infusions of active chelation or placebo. 
The results were unexpected and, understating the reaction of 
cardiologists, controversial. TACT demonstrated a statistically sig-
nificant modest improvement in the primary endpoint (first occur-
rence of death, recurrent MI, stroke, coronary revascularization, or 
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hospitalization for angina) by 18% (P=.035).13 In particular, edetate 
disodium-based chelation demonstrated the most benefit in patients 
with diabetes, with an even greater reduction by 41% (P=.0002) in 
the primary endpoint.14 In patients with self-identified PAD, there 
was a reduction of 48% (P=.0069) in the primary endpoint.15 In 
addition, there were no differences when compared with placebo 
in serious adverse events; the drug was safe. With these surprising 
results, speculation on the possible mechanisms of benefits arose.  

Metal Hypothesis
Due to a high affinity to cadmium and lead, infusions of edetate 

disodium may decrease the body burden of these vasculotoxic 
metals. Arenas et al administered a single TACT infusion to pa-
tients with a history of MI. The study demonstrated an increase 
of urinary lead excretion of about 4000% and urine cadmium 
excretion of nearly 700% when compared with preinfusion urine 
metals.16 Alam et al, in a case series of patients treated with several 
infusions of edetate disodium-based therapy, reported a decrease 
in the body burden of urinary lead over time.17 Why is this im-
portant? Lead and cadmium have been shown in bench studies 
to increase inflammatory markers, cause endothelial dysfunction, 
and increase reactive oxygen species, all proatherosclerotic; and 
in epidemiologic studies, to be associated with cardiovascular 
events and death.

Metal Oxidation Hypothesis
Why was the benefit greater in diabetes? Patients with diabetes 

are at an increased risk when it comes to cardiovascular endpoints;  
their risk of PAD is 2- to-3-times greater.4,5 In addition, as stated 
previously, their rate of amputation is vastly increased compared 
with nondiabetic patients. One hypothesis as to why elevated 
blood sugars are toxic is the formation of advanced glycation end 
products (AGEs), protein, and lipid oxidation products. All these, 
in particular AGEs, need metal-catalyzed oxygen chemistry for 
their formation.18,19 AGEs provoke the release of toxic cytokines 
through the AGE receptor and may have a central role in the 
vasculotoxic nature of diabetes. Thus, chelation and removal of 
toxic metals may interrupt or reduce this cascade.

Decalcification Hypothesis
Edetate disodium does not only have a high affinity to cad-

mium and lead but also to calcium.20 In fact, infusions of edetate 
disodium should be administered at a slow rate to avoid hypo-
calcemia. This is the earliest hypothesis and what initially set 
Clarke and colleagues in their proposal of edetate disodium as a 
potential therapy for atherosclerotic disease. Unfortunately, data 
are lacking and no published case reports have demonstrated a 
convincing improvement in arterial calcium burden.

Conclusion
With current evidence, should edetate disodium therapy be 

offered to patients with CLTI? Scant modern evidence exists. We 
can, however, state with confidence that when used like TACT, 
in patients at least 50 years old with a creatinine of 2.0 mg/dL or 

less, and on the schedule and dosing we reported, the infusions 
are safe. Our evidence is based on 10 patients with CLTI who 
received open-label chelation as a last option for limb salvage in 
patients with diabetes with no other option for revascularization. 
In the 7 patients completing at least 20 infusions, there was pain 
relief, and patients avoided all amputations. This leads to our 
opinion, which is still based on developing science. We cautiously 
recommend that in the absence of a clinical trial at your institu-
tion, prior to scheduling a patient to undergo minor or major 
amputation, if no underlying active infection such as osteomyelitis 
is present, attempt limb salvage with edetate disodium chelation.

Two important trials will further add to the ongoing knowl-
edge to disprove or accept edetate disodium as a treatment for 
atherosclerosis. TACT2 in patients with diabetes and a history of 
MI is nearing completion and currently in the follow-up phase 
of the trial (NCT02733185). In addition, TACT3a in patients 
with diabetes and CLTI is currently enrolling at Mount Sinai in 
Miami Beach (NCT03982693). We are also trying to develop a 
proposal for a definitive NIH study in CLTI. We invite poten-
tially interested centers to contact us. We are on the threshold of 
a new therapy for a particularly serious disease. n

Disclosure: The authors have completed and returned the ICMJE Form 
for Disclosure of Potential Conflicts of Interest. The authors report no 
conflicts of interest regarding the content herein. 

Manuscript accepted August 23, 2022. 

Address for correspondence: Gervasio A. Lamas, MD, Columbia 
University Division of Cardiology, Mount Sinai Medical Center, 4300 
Alton Road, Suite # 2070A, Miami Beach, FL 33140. E-mail: 
gervasio.lamas@msmc.com

REFERENCES
1. 	 Allison MA, Ho E, Denenberg JO, et al. Ethnic-specific preva-

lence of peripheral arterial disease in the United States. Am J Prev 
Med. 2007;32(4):328-333. doi:10.1016/j.amepre.2006.12.010

2.	 Creager MA, Matsushita K, Arya S, et al. Reducing nontraumatic 
lower-extremity amputations by 20% by 2030: time to get to 
our feet: a policy statement from the American Heart Associa-
tion. Circulation. 2021 Apr 27;143(17):e875-e891. doi:10.1161/
CIR.0000000000000967 

3.	 Duff S, Mafilios MS, Bhounsule P, Hasegawa JT. The burden of 
critical limb ischemia: a review of recent literature. Vasc Health 
Risk Manag. 2019;15:187-208. doi:10.2147/VHRM.S209241

4.	 American Diabetes Association. Peripheral arterial disease in 
people with diabetes. Diabetes Care. 2003;26(12):3333-3341. 
doi:10.2337/diacare.26.12.3333

5.	 Brand FN, Abbott RD, Kannel WB. Diabetes, intermittent 
claudication, and risk of cardiovascular events. The Framingham 
Study. Diabetes. 1989;38(4):504-509. doi:10.2337/diab.38.4.504

6.	 Geiss LS, Li Y, Hora I, Albright A, Rolka D, Gregg EW. Re-
surgence of diabetes-related nontraumatic lower-extremity 
amputation in the young and middle-aged adult U.S. population. 
Diabetes Care. 2019;42(1):50-54. doi:10.2337/dc18-1380

7.	 Willigendael EM, Teijink JA, Bartelink ML, et al. Influence of 
smoking on incidence and prevalence of peripheral arterial disease. 
J Vasc Surg. 2004;40(6):1158-1165. doi:10.1016/j.jvs.2004.08.049

    Vascular Disease Management®   Volume 19, No. 10, October 2022   E148

COMMENTARY

20
22

 C
op

yri
gh

t H
MP C

om
mun

ica
tio

ns
 

For 
Pers

on
al 

Use
 O

nly
 



ORIGINAL RESEARCH

8.	 Huxley RR, Yatsuya H, Lutsey PL, Woodward M, Alonso A, 
Folsom AR. Impact of age at smoking initiation, dosage, and time 
since quitting on cardiovascular disease in African Americans and 
Whites: the Atherosclerosis Risk in Communities study. Am J 
Epidemiol. 2012;175(8):816-826. doi:10.1093/aje/kwr391

9.	 Planas A, Clará A, Marrugat J, et al. Age at onset of smoking is an 
independent risk factor in peripheral artery disease development.  
J Vasc Surg. 2002;35(3):506-509. doi:10.1067/mva.2002.120030

10.	 Criqui MH, Matsushita K, Aboyans V, et al. Lower extremity 
peripheral artery disease: contemporary epidemiology, manage-
ment gaps, and future directions: a scientific statement from the 
American Heart Association. Circulation. 2021;144(9):e171-e191. 
doi: 10.1161/CIR.0000000000001005 

11.    Ujueta F,  Navas-Acien A, Mann KK, Prashad R, Lamas GA. 
Low-level metal contamination and chelation in cardiovas-
cular disease—a ripe area for toxicology research. Toxicol Sci. 
2021;181(2):135-147. doi:10.1093/toxsci/kfab026

12.	 Lamas GA, Goertz C, Boineau R, et al. Design of the Trial 
to Access Chelation Therapy. Am Heart J. 2012;163(1):7-12. 
doi:10.1016/j.ahj.2011.10.002

13.	 Lamas GA, Goertz C, Boineau R, et al. Effect of disodium EDTA 
chelation regimen on cardiovascular events in patients with previ-
ous myocardial infarction: the TACT randomized trial. JAMA. 
2013;309(12):1241-1250. doi:10.1001/jama.2013.2107

14.	 Escolar E, Lamas GA, Mark DB, et al. The effect of an EDTA-
based chelation regimen on patients with diabetes mellitus 
and prior myocardial infarction in the Trial to Assess Chelation 
Therapy (TACT). Circ Cardiovasc Qual Outcomes. 2014;7(1):15-24. 
doi:10.1161/CIRCOUTCOMES.113.000663

15.	 Ujueta F, Arenas IA, Escolar E, et al. The effect of EDTA-based 
chelation on patients with diabetes and peripheral artery disease in 
the Trial to Assess Chelation Therapy (TACT). J Diabetes Complica-
tions. 2019;33(7):490-494. doi:10.1016/j.jdiacomp.2019.04.005

16.	 Arenas IA, Navas-Acien A, Ergui I, Lamas GA. Enhanced vas-
culotoxic metal excretion in post-myocardial infarction patients 
following a single edetate disodium-based infusion. Environ Res. 
2017;158:443-449. doi:10.1016/j.envres.2017.06.039

17.	 Alam ZH, Ujueta F, Arenas IA, et al. Urinary metal levels after 
repeated edetate disodium infusions: preliminary findings. Int 
J Environ Res Public Health. 2020;17(13):4684. doi:10.3390/
ijerph17134684

18.	 Manigrasso MB, Juranek J, Ramasamy R, Schmidt AM. Unlock-
ing the biology of RAGE in diabetic microvascular complica-
tions. Trends Endocrinol Metab. 2014;25(1):15-22. doi:10.1016/j.
tem.2013.08.002

19.	 Baynes JW. Role of oxidative stress in development of compli-
cations in diabetes. Diabetes. 1991;40(4):405-412. doi:10.2337/
diab.40.4.405

20.	 Lei Y, Grover A, Sinha A, Vyavahare N. Efficacy of reversal of aortic 
calcification by chelating agents. Calcif Tissue Int. 2013;93(5):426-
435. doi:10.1007/s00223-013-9780-0

  Vascular Disease Management®   Volume 19, No. 10, October 2022   E149

COMMENTARY

20
22

 C
op

yri
gh

t H
MP C

om
mun

ica
tio

ns
 

For 
Pers

on
al 

Use
 O

nly
 




