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Abstract

Chronic limb-threatening ischemia (CLTI) is a manifestation of end-stage atherosclerosis with high risk for limb loss and loss
of life. Surgical and endovascular treatments to restore blood flow to the lower extremity are effective in reducing the risk of
amputation. However, mortality following successful lower-extremity revascularization is alarmingly high, with 20% of
patients dead in 1 year and 70% dead in 5 years. The primary cause of death is coronary artery disease (CAD), which is
often asymptomatic due to a limited ability to walk. Current guideline-directed management of cardiac risk in CLTI patients is
best medical therapy and atherosclerotic risk factor control with no cardiac testing of patients without cardiac symptoms. This
strategy has been ineffective in reducing the high mortality rate. In this article, we consider a new strategy based on
noninvasive cardiac testing using coronary computed tomography angiography to identify patients with silent coronary
ischemia, which is a marker for risk of myocardial infarction (MI) and sudden cardiac death. Ischemia-guided coronary
revascularization has been shown to reduce the risk of death and Ml in CAD patients, and this has now been utilized in
patients with CLTI in order to improve long-term survival.

Introduction

Chronic limb-threatening ischemia (CLTI), defined by ischemic foot pain at rest, nonhealing ulcerations, or gangrene, is the
most severe manifestation of peripheral arterial disease (PAD).! Patients with CLTI are at high risk for limb loss and require
prompt lower-extremity revascularization (LER) to avoid amputation. They are also at increased risk of death due to
coexisting coronary artery disease (CAD), which is often asymptomatic and unrecognized. Patients with CLTI may not
experience chest pain symptoms due to a limited ability to walk or diabetes mellitus. In major prospective randomized trials
of patients with CLTIl undergoing LER, more than 50% have no known CAD at baseline, and at 5 years more than 50% have
died due to CAD.23 In a population-based study of almost 100,000 patients in the Danish national registries, patients with
first hospitalization for CLTI were compared to patients with first hospitalization for acute myocardial infarction (MI).# In both
groups, 80% of patients had no known CAD at baseline. At 3 years, 40% of patients with CLTI had died while only 20% of
patients with acute Ml died.* The twofold higher mortality of patients with CLTI was attributed to low use of evidence-based
best medical therapy (BMT) while ignoring the fact that patients with acute MI are typically treated with coronary
revascularization in addition to BMT. It is more likely that the high mortality of patients with CLTI was related to unrecognized
and untreated coexisting CAD. This article focuses on these apparently “good risk” patients with CLTI with no known CAD
(no cardiac history, no prior Ml, and no chest pain symptoms) who are expected to have good survival following LER."

Are We Saving Limbs but Losing Lives?

There is no doubt that we are saving limbs with timely diagnosis of CLTI and treatment with LER. LER is effective in saving
limbs by restoring arterial circulation to the foot and avoiding the need for amputation. Successful restoration of pulsative
blood flow to the foot has a dramatic effect on tissue perfusion, relieving symptoms and preventing amputation. However, we
are losing lives due to coexisting CAD, which is often asymptomatic, undiagnosed, and untreated due to the absence of
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chest pain symptoms. Within 1 year following successful LER, 20% of patients will have died,® and within 5 years, 2 of 3
patients (70%) will have died.® This alarming mortality rate is higher than for acute Ml and most cancers.® The risk of death is
3 to 4 times higher than the risk of amputation, and the primary cause of death is coexisting CAD.2 The annual mortality rate
for patients undergoing LER is 10% to 12% per year, the same as it was 4 decades ago. This is in sharp contrast to the
marked decline in annual mortality for patients with symptomatic CAD to 1% to 2% per year, in association with coronary
revascularization as a mainstay of treatment.”

Historical context

Forty years ago, the high prevalence of CAD in patients with PAD and the potential benefit of coronary revascularization in
reducing the mortality of vascular surgery patients were first brought to light by Hertzer, et al in a landmark study of 1000
coronary angiograms prior to elective vascular surgery.8 This study showed that 60% of patients had more than 70%
coronary stenosis and that 45% had no symptoms of CAD. Elective coronary artery bypass grafting, the only method of
coronary revascularization at that time, significantly improved 5- and 10-year survival of patients undergoing vascular
surgery.8 However, the strategy of coronary revascularization to improve the survival of patients with PAD fell by the wayside
20 years ago with publication of the Coronary Artery Revascularization Prophylaxis (CARP) trial.? This study randomized 510
patients with angiographic coronary stenosis greater than 70% undergoing peripheral or aneurysm surgery to preoperative
coronary revascularization or no coronary revascularization. At 2.7 years, there was no difference in all-cause mortality (23%
in both groups), and the authors concluded that “a strategy of coronary artery revascularization before elective vascular
surgery among patients with stable cardiac symptoms cannot be recommended.” This randomized study has had a major
longstanding impact on the management of CAD in patients with PAD both before and after vascular surgery procedures.
Current PAD guidelines, while acknowledging the high cardiac-related risk in patients with PAD, recommend no preoperative
cardiac testing of patients without cardiac symptoms because it will not change patient management, citing the 20-year-old
CARP trial as evidence that coronary revascularization does not improve long-term survival.'® All patients should simply be
treated with BMT and risk-factor control to minimize cardiac risk. Coronary revascularization should be considered only in
patients who develop cardiac symptoms or in those who experience an acute cardiac event such as an MI.

Outdated relevance of the CARP trial

It should be noted that the CARP trial is now outdated primarily due to significant advances in the diagnosis and treatment of
CAD. Coronary revascularization is no longer based on visual estimates of angiographic percent stenosis alone but requires
evidence of functionally significant stenosis.'’ Hemodynamic significance of coronary lesions can be determined invasively
by measuring fractional flow reserve (FFR) in the cath lab or noninvasively using computational methods applied to coronary
computed tomography angiography data (FFRcT).'? Ischemia-guided coronary revascularization has been shown to reduce
death and M| and improve long-term survival in patients with CAD compared to BMT and is now the standard of care for
coronary revascularization.3

Thus, while we are saving limbs by timely diagnosis and treatment of lower-extremity ischemia, we may be losing lives by
failing to diagnose and treat coexisting CAD, which is the primary cause of death in patients with PAD.

Is BMT Good Enough?

Guideline-recommended medical management of cardiac risk in patients with PAD is mainly derived from a large body of
randomized trial evidence in patients with CAD, some of which include subsets of patients with PAD. While the overall
benefit of BMT and risk-factor control is well documented, evidence specific for patients with PAD is lacking. The VOYAGER
PAD trial is the only randomized trial that was specifically focused on medical therapy in patients with PAD following LER
(primarily claudicants). Rivaroxaban was effective in reducing the composite endpoint of acute limb events and
cardiovascular events (P < .01), primarily due to a reduction in limb events. However, there was no reduction in
cardiovascular death or MI.14

While guidelines stress the importance of BMT in reducing cardiac risk, there is no randomized trial evidence showing the
effectiveness of BMT in reducing death or MI. This does not suggest that optimal medical therapy is of no value in
management of CAD, but rather that a new strategy is needed to address the problem of high mortality in patients with PAD
due to coexisting CAD. BMT alone is not good enough.

New Guidelines for Evaluation of Suspected CAD

The 2021 AHA/ACC Guideline for the Evaluation and Diagnosis of Chest Pain highlighted as the top takeaway message,
“Chest pain is more than pain in the chest.”'® Patients with CAD most often present with symptoms other than anginal chest
pain, particularly women. Symptoms such as fatigue, dyspnea, and nausea are anginal equivalents, and patients with such
symptoms should be suspected of having CAD The current guideline-recommended pathway for intermediate-high risk



patients with “suspected CAD” and no known CAD is (1) coronary computed tomography angiography (CTA) for the
diagnosis of CAD (Class 1A) and (2) FFRcT for patients with 40% to 90% coronary stenosis to diagnose coronary ischemia
and to guide decision-making regarding the use of coronary revascularization (Class 2a) (Figure 1).°
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Figure 1. CTA+FFRCT Pathway for Suspected CAD.

Patients with CLTI are certainly high-risk patients, and they often have symptoms of fatigue and dyspnea in addition to a
limited ability to walk, which should lead one to suspect CAD. Despite a lack of chest pain symptoms, patients with PAD
often have unsuspected “silent coronary ischemia,” which is a marker for sudden cardiac death or acute MI.1® Thus, patients
with CLTI should be suspected of having CAD and evaluated accordingly.

A New Strategy for Managing CAD in CLTI

Consistent with the new cardiac evaluation guidelines, we propose a new strategy for managing CAD in patients with CLTI
based on (1) diagnosis of silent coronary ischemia and (2) ischemia-targeted coronary revascularization to reduce the risk of
adverse cardiac events and improve long-term survival. The diagnosis of coronary ischemia is made using coronary CTA
and FFR¢T. This can identify patients with high-risk, ischemia-producing lesions and differentiate them from patients without
coronary ischemia who have a favorable long-term prognosis. Coronary revascularization can be performed on an elective
basis after treatment of lower-extremity ischemia, with a focus on restoring coronary blood flow to normal. This strategy has
been applied to patients with CLTI and no known CAD in a single-center, prospective, Institutional Review Board-approved
study. A case example is shown in Figure 2.
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Figure 2. Case example.
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High Prevalence of Silent Coronary Ischemia in CLTI

The first report of systematic preoperative cardiac evaluation included 54 patients with CLTI and no cardiac history or chest
pain symptoms. Coronary CTA + FFRcT imaging revealed that 2 of 3 patients (69%) had unsuspected, silent coronary
ischemia (FFRcT < 0.80 distal to a stenosis).!” This was an unexpected finding because all patients were free of cardiac
symptoms and all had been cleared for elective LER in accordance with guidelines. The LER procedures were performed as
planned, with no adverse cardiac events or deaths. However, the finding of silent coronary ischemia identified patients who
were at high risk for future cardiac events, particularly those with left main ischemia (8%) and multivessel ischemia (40%).
This prompted multidisciplinary patient management with BMT and Heart Team guidance on the need for and timing of
elective coronary revascularization. The strategy of proactive treatment of silent coronary ischemia was shown to improve 1-
year outcomes of patients with PAD following LER compared to historic controls.'® Systematic cardiac evaluation of patients
with CLTI and no known CAD using coronary CTA + FFR¢T at other centers have found similarly high rates of silent coronary
ischemia (71%) (Figure 3).1°
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Figure 3. Prevalence of asymptomatic lesion-specific coronary ischemia.

Ischemia-Targeted Coronary Revascularization vs Usual Care

To evaluate the clinical benefit of selective coronary revascularization in patients with CLT| and silent coronary ischemia, a
single-center prospective study was conducted in 231 patients with no known CAD admitted to the hospital and cleared for
elective LER. Patients with (a) systematic preoperative cardiac evaluation using coronary CTA + FFR¢Tt with selective postop
coronary revascularization (n = 111) were compared to (b) concurrent matched controls receiving Usual Care (n = 120) as
recommended by guidelines with no preoperative coronary testing and no coronary revascularization. Limb-salvage surgery
was successfully performed in all patients in both groups with no perioperative (30-day) mortality. In the CTA + FFRcT group,
58% had severe, silent coronary ischemia (FFR¢cT < 0.75), and elective ischemia-targeted coronary revascularization was
performed in 42% of patients. No patients in the Usual Care group had elective coronary revascularization.

At 2-year follow-up, compared to Usual Care, the FFRcT group had fewer major adverse cardiovascular events (11% vs
23%, P =.02), fewer Mis (6% vs 18%, P = .01), and fewer cardiovascular deaths (5% vs 13%, P = .03).%°

At 3 years in the FFRcT group, there was a twofold reduction in all-cause death (11% vs 28%, P <.001), primarily due to a
sixfold reduction in cardiovascular death (3% vs 18%, P < .001) and a sixfold reduction in Ml (4% vs 23%, P < .001) (Figure
4). Survival at 3 years was 89% in the FFR¢gT group compared to 73% in the Usual Care group (P < .001) (Figure 5).21
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Figure 5. Survival curve. Abbreviation: FFRCT, computed tomography-derived fraction flow reserve.

Long-term follow-up at 5 years showed a continuing benefit of coronary revascularization, with more than 50% reduction in
all-cause death compared to patients receiving Usual Care (24% vs 47%, P < .001). This was associated with a fivefold
reduction in cardiac death (5% vs 26%, P < .001) and a fourfold reduction in Ml (7% vs 28%, P < .001). Five-year survival of
patients with CLTI and CTA + FFR¢T guided care was 76% compared to 53% for patients receiving guideline-directed Usual
Care (P < .001).%2

Can We Do Better With Selective Coronary Revascularization?

The results provided by the above-mentioned study suggests that we can do better with selective coronary revascularization.
This study is the first evidence that diagnosis of silent coronary ischemia together with selective ischemia-guided coronary
revascularization can reduce cardiac events and significantly improve long-term survival of patients with CLTI. However, it is
important to note that this was a nonrandomized observational study with the potential for selection bias. Results from
single-center studies cannot be generalized, and prospective, multicenter, randomized trial evidence are needed to validate
these findings. One such randomized trial is currently underway.

Multicenter Randomized SCOREPAD Trial

The Selective COronary REvascularization in PAD patients after lower-extremity revascularization (SCOREPAD) trial (NCT
06250790) is aimed at addressing the problem of high mortality following LER.23 This prospective, international, multicenter
randomized trial will enroll up to 600 patients with CLTI or severe limiting claudication and no known CAD (no prior MI, no
coronary angiography or coronary revascularization, and no cardiac symptoms) after successful lower extremity
revascularization. Patients will be randomized to (a) coronary CTA + FFR¢T evaluation with ischemia-guided coronary
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revascularization, in addition to BMT or (b) Usual Care with BMT alone and no coronary revascularization. The primary
endpoint at 2 years will be cardiac death, MI, or unplanned coronary revascularization, with extended follow-up to 5 years.
Patient enrollment is currently underway; for further information, contact dainis.krievins @stradini.lv

Conclusions

More than 50% of patients with CLTI and no known CAD die within 5 years following successful LER. The primary cause of
death is coexisting CAD, which is often asymptomatic, undiagnosed, and untreated. Current guideline-directed management
of cardiac risk relies solely on evidence-based medical therapy and risk factor control, and this has been ineffective in
reducing the alarmingly high mortality of patients with CLTI. A new strategy based on identifying patients with silent coronary
ischemia using coronary CT-derived FFR together with proactive ischemia-targeted coronary revascularization shows
promise in reducing adverse cardiac events and improving long-term survival following LER for CLTI. Further evidence from
multicenter controlled and randomized trials is needed to define the role of coronary CTA + FFR-CT in the management of
CAD in patients with CLTI. =
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