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Utilization of coronary computed tomography

angiography and computed tomography-derived

fractional flow reserve in a critical limb-threatening

ischemia cohort
Gregory A. Stanley, MD, Markus D. Scherer, MD, Michelle M. Hajostek, PA, Halim Yammine, MD,
Charles S. Briggs, MD, Hector O. CrespoSoto, MD, Tzvi Nussbaum, MD, and Frank R. Arko III, MD, Charlotte, NC

ABSTRACT
Objective: Patients with peripheral arterial disease (PAD) have a significant risk of myocardial infarction and death secondary
to concomitant coronary artery disease (CAD). This is particularly true in patients with critical limb-threatening ischemia (CLTI)
who exceed a 20% mortality rate at 6 months despite standard treatment with risk factor modification. Although systematic
preoperative coronary testing is not recommended for patients with PAD without cardiac symptoms, the clinical manifes-
tations of CAD are oftenmuted in patients with CLTI due to poormobility and activity intolerance. Thus, the true incidence and
impact of “silent” CAD in a CLTI cohort is unknown. This study aims to determine the prevalence of ischemia-producing
coronary artery stenosis in a CLTI cohort using coronary computed tomography angiography (cCTA) and computed tomog-
raphy (CT)-derived fractional flow reserve (FFRCT), a noninvasive imaging modality that has shown significant correlation to
cardiac catheterization in the detection of clinically relevant coronary ischemia.

Methods: Patients presenting with newly diagnosed CLTI at our institution fromMay 2020 to April 2021 were screened for
underlying CAD. Included subjects had no known history of CAD, no cardiac symptoms, and no anginal equivalent
complaints at presentation. Patients underwent cCTA and FFRCT evaluation and were classified by the anatomic location
and severity of CAD. Significant coronary ischemia was defined as FFRCT #0.80 distal to a >30% coronary stenosis, and
severe coronary ischemia was documented at FFRCT #0.75, consistent with established guidelines.

Results: A total of 170 patients with CLTI were screened; 65 patients (38.2%) had no coronary symptoms and met all
inclusion/exclusion criteria. Twenty-four patients (31.2%) completed cCTA and FFRCT evaluation. Forty-one patients have
yet to complete testing secondary to socioeconomic factors (insurance denial, transportation inaccessibility, testing
availability, etc). The mean age of included subjects was 65.4 6 7.0 years, and 15 (62.5%) were male. Patients presented
with ischemic rest pain (n ¼ 7; 29.1%), minor tissue loss (n ¼ 14; 58.3%) or major tissue loss (n ¼ 3; 12.5%). Significant ($50%)
coronary artery stenosis was noted on cCTA in 19 of 24 patients (79%). Significant left main coronary artery stenosis was
identified in two patients (10%). When analyzed with FFRCT, 17 patients (71%) had hemodynamically significant coronary
ischemia (FFRCT #0.8), and 54% (n ¼ 13) had lesion-specific severe coronary ischemia (FFRCT #0.75). The mean FFRCT in
patients with coronary ischemia was 0.70 6 0.07. Multi-vessel disease pattern was present in 53% (n ¼ 9) of patients with
significant coronary stenosis.

Conclusions: The use of cCTA-derived fractional flow reserve demonstrates a significant percentage of patients with CLTI
have silent (asymptomatic) coronary ischemia. More than one-half of these patients have lesion-specific severe ischemia,
which may be associated with increased mortality when treated solely with risk factor modification. cCTA and FFRCT

diagnosis of significant coronary ischemia has the potential to improve cardiac care, perioperative morbidity, and long-term
survival curves of patients with CLTI. Systemic improvements in access to care will be needed to allow for broad application
of these imaging assessments should they prove universally valuable. Additional study is required to determine the benefit
of selective coronary revascularization in patients with CLTI. (J Vasc Surg Cases Innov Tech 2024;10:101272.)
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Critical limb ischemia (CLI), or critical limb-threatening
ischemia (CLTI), represents the most severe and aggres-
sive form of atherosclerotic peripheral arterial disease
(PAD), encompassing a constellation of symptoms that
include ischemic rest pain, ischemic ulceration, and tis-
sue gangrene. It is estimated that over 1.2 million patients
in the United States are afflicted with CLTI,1 constituting
a small fraction (1%-3%) of all patients with PAD.2,3 The
initial treatment of patients with CLTI is directed at
wound healing, pain relief, limb loss prevention, and
improvement in quality of life. Equally important, albeit
less urgent, is the critical attention devoted to risk factor
modification (smoking cessation, structured exercise
regimen, healthy diet) and guideline-directed medical
therapy to address the underlying sources of ongoing pe-
ripheral vascular damage.4-9

There is long-standing recognition that atherosclerosis
is a systemic disease afflicting multiple vascular beds,
and approximately 55% to 80% of patients with PAD
have concomitant coronary artery disease (CAD).10-12

The combined diagnoses of lower extremity PAD and
CAD carries an all-cause mortality of 4.6% per year, with
nearly 75% of major adverse events being cardiac-
related.13 The natural history of patients with symptom-
atic PAD is equally as dire, with a 5-year survival of 60%
to 80% and 10-year survival of 20% to 60%.11,13 Moreover,
the CASS registry14 demonstrated perioperative cardiac
events occurred in 8.5% of patients with PADwith known
CAD undergoing non-cardiac vascular surgery, and in
another study, cardiac-related death (particularly fatal
myocardial infarction [MI]) accounted for approximately
40% of all-cause perioperative mortality.15 In longer term
follow-up after lower extremity vascular surgery, patients
with overt CAD have an increased incidence of adverse
cardiac events at 5 years compared with patients
without CAD (28% vs 10%; P ¼ .003), as well as decreased
survival at 10 years (24% vs 51%; P < .001).16

Established recommendations do not advocate for
CAD screening in patients with PAD, and current practice
patterns generally defer preoperative cardiac revascular-
ization in patients undergoing lower extremity vascular
surgery in the absence of stable or unstable angina.5,6

However, significant restrictions in mobility often exist
in the population of patients with CLTI, which may limit
the detection of coronary ischemia symptoms via stan-
dard preoperative cardiac risk stratification.
A new noninvasive cardiac diagnostic modality, coro-

nary computed tomography angiography (cCTA) derived
fractional flow reserve (FFRCT) can identify patients with
hemodynamically significant coronary stenoses who
may benefit from coronary revascularization. FFRCT uti-
lizes anatomical data provided by standard cCTA imag-
ing with computational analysis of coronary blood flow
to provide a three-dimensional color-coded map of FFR
values throughout the coronary tree.17 Prospective clin-
ical trials have shown that FFRCT accurately reflects
invasively measured FFR18,19 and has a higher diagnostic
accuracy than noninvasive myocardial perfusion tests.20

The clinical usefulness of FFRCT in patients with CAD is
well documented,21-23 including patients with high coro-
nary artery calcification.19 The 2021 American Heart Asso-
ciation/American College of Cardiology guideline for the
evaluation and diagnosis of chest pain highlights the use
of cCTA plus FFRCT as the frontline pathway for patients
with known or suspected CAD to guide treatment deci-
sions.24 This pathway has been applied to high-risk pa-
tients with PAD with no known CAD undergoing lower
extremity vascular surgery, with early results showing
improved survival with selective coronary
revascularization.25,26

Therefore, the purpose of this study is to determine the
presence, distribution, and severity of “silent” (asymptom-
atic) coronary ischemia in patients presenting with CLTI
using cCTA and FFRCT. We hypothesize that a significant
burden of coronary atherosclerosis is present in this CLTI
patient population, which may have a consequential
impact on long-term mortality.

METHODS
For the period encompassing May 2020 through April

2021, all patients presenting with Rutherford Classification
4 - 6 were added to our active CLTI database. As part of
the initial evaluation, patients were questioned about their
cardiac history, namely any known diagnosis of CAD, prior
MI, percutaneous coronary intervention, or coronary artery
bypass graft surgery, and previous stress test of any type
within 3 years. Patients were also screened for signs of
coronary ischemia and anginal equivalents, including chest
discomfort or tightness, dyspnea on exertion, shortness of
breath, nausea, vomiting, lightheadedness, diaphoresis,
fatigue, indigestion, or vague abdominal pain.27

In addition, patients were screened for appropriateness
to undergo cCTA to optimize imaging quality and diag-
nostic integrity. Therefore, patients with body mass index
>39 kg/m2, indwelling cardiac pacer or defibrillator, pros-
thetic cardiac valve, severe aortic stenosis (valve area <1.0
cm2), left ventricular ejection fraction <40%, heart trans-
plant, or dysrhythmia were excluded from this study. The
presence of chronic kidney disease (creatinine >1.8 mg/
dL) or a contrast allergy were also basis for exclusion.
The cohort meeting the screening criteria were con-

tacted, and a full disclosure of the study was provided,
as approved by the institutional review board. Informed
consent was not required specific to this study; however,
all patients signed standard informed consent to pro-
ceed with cCTA. For those who agreed to participate, a
prescription for metoprolol tartrate was provided if there
were no contraindications, with instructions to admin-
ister 90 minutes prior to undergoing cCTA as per recom-
mended protocol.28 A 50-mg dosage was prescribed for
patients with a resting heart rate of 60 to 65 beats per
minute (bpm), and 100 mg was prescribed for patients



Table. Patient demographics

Patient characteristics n ¼ 24

Age, years 65.4 6 7.0

Males 15 (62.5)

Comorbidities

Hypertension 23 (95.8)

Hyperlipidemia 22 (91.7)

Diabetes mellitus, type 2 9 (37.5)

Active or former smoker 19 (79.2)

Rutherford classification

4 (ischemic rest pain) 7 (29.2)

5 (minor tissue loss) 14 (58.3)

6 (major tissue loss) 3 (12.5)

Preoperative noninvasive testing

Ankle-brachial index (n ¼ 20) 0.34 6 0.19

Noncompressible ankle-brachial index 4 (16.7)

Toe pressure, in mmHg (n ¼ 21) 20.5 6 15.4

Data are presented as number (%) or mean 6 standard deviation.
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with a resting heart rate >65 bpm. Ivabradine 5 mg was
prescribed for patients with a contraindication to meto-
prolol tartrate and was used in combination with meto-
prolol for patients with resting heart rate >80 bpm.
All cCTA scans were performed on a dual-source 96-row

scanner with 196 slice acquisition. A 15- to 20-mL test
bolus injection for was used to assist with timing of
acquisition, and additional acquisition optimization was
customized by patient calcium plaque burden, body
habitus, electrocardiogram monitoring, and heart rate-
dependent phase targeting. Interpretation of cCTA
studies was completed by on-site certified reading cardi-
ologists using TeraRecon Intuition software or GE Health-
care AW server-based software. Coronary artery stenosis
was characterized by anatomic location, distribution (sin-
gle-vessel or multi-vessel), and severity (significant if
>50%). All cCTA image data was then sent via secure
cloud-based server to HeartFlow for off-site computa-
tional analysis of FFRCT. Lesions were characterized by
location, distribution, and severity; significant coronary
ischemia were defined as FFRCT #0.80 distal to >30%
coronary artery stenosis in a 2-mm diameter vessel, and
severe coronary ischemia was defined as FFRCT #0.75
distal to >30% coronary artery stenosis in a 2-mm diam-
eter vessel.
Continuous variables are expressed as mean 6 stan-

dard deviation, and continuous variables are expressed
as count (percentage) where appropriate. Significance
between groups for continuous variable comparison
was determined using the standard error of the mean
with significance defined as P < .05.

RESULTS
A total of 170 patients presenting to our institution with

newly diagnosed CLTI were screened during the study
period. Sixty-five patients (38.2%) had no coronary history
or symptoms and met all inclusion/exclusion criteria.
From this cohort, a total of 26 patients underwent
cCTA; however, two patients did not complete cCTA or
FFRCT analysis secondary to prohibitive coronary calcifi-
cation. Patient demographics for the final cohort of 24
patients is illustrated in the Table. The mean age was
65.4 years, with a 62.5% male predominance (n ¼ 15). Car-
diovascular comorbidities include hypertension (n ¼ 23;
95.8%), hyperlipidemia (n ¼ 22; 91.6%), type 2 diabetes
mellitus (n ¼ 9; 37.5%), and active smoking (n ¼ 19;
79.2%). CLTI presented as ischemic rest pain (Rutherford
4) (n ¼ 7; 29.2%), minor tissue loss (Rutherford 5) (n ¼ 14;
58.3%), and major tissue loss (Rutherford 6) (n ¼ 3; 12.5%).
Noninvasive vascular testing at the time of presentation
revealed a mean ankle-brachial index (ABI) of 0.34 6

0.19 and a mean toe pressure of 20.5 6 15.4 mmHg.
Imaging results were reviewed separately between

cCTA findings and FFRCT analysis. A significant stenosis
(>50%) on cCTA was found in 19 of 24 patients (79.2%)
based on the study interpretation. Two patients (8.3%)
had a significant left main coronary artery stenosis on
cCTA. All patients in the cohort completed FFRCT anal-
ysis. Two patients that were diagnosed with significant
coronary stenosis on cCTA did not have significant find-
ings on FFRCT (FFR $0.8). Therefore, a total of 17 of 24 pa-
tients with CLI (70.8%) were discovered to have
hemodynamically significant coronary artery stenosis
on FFRCT (FFR <0.8). Of the 17 patients with significant
coronary stenosis, 13 patients (76.4%) had severe coronary
ischemia (FFR #0.75), equating to 54.2% of the full
cohort. The lowest calculated mean FFR for all patients
with significant coronary ischemia (FFR <0.8; n ¼ 17)
was 0.71 6 0.07 (range, 0.50-0.78). Nine of 17 patients
(52.9%) had significant stenosis in a single coronary ar-
tery, and eight patients (47.1%) had multi-vessel stenosis
(illustrated in Fig 1).
A secondary evaluation of patients that had significant

coronary ischemia on FFRCT (n ¼ 17) was then performed
after grouping into presenting symptoms (ie, Rutherford
4, Rutherford 5, Rutherford 6). The severity of coronary
ischemia was consistent across the three groups without
a statistically significantly difference (Fig 2). The mean
FFR was 0.71 6 0.06 for patients presenting with Ruther-
ford 4; 0.70 6 0.08 for Rutherford 5; and 0.71 6 0.09 for
patients with Rutherford 6. There was no significant dif-
ference in the distribution of coronary stenosis between
these groups: single vessel vs multi-vessel (P > .05).
All patients in the cohort (n ¼ 24) underwent lower ex-

tremity revascularization for CLI. Ten patients (41.7%) had
surgical revascularization, and 14 patients (58.3%) had
endovascular revascularization. Ten patients completed
cCTA and FFRCT testing prior to surgical (n ¼ 8) or endo-
vascular (n ¼ 2) revascularization. Preoperative cCTA
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Fig 1. Representative computed tomography-derived fractional flow reserve (FFRCT) report. Left, 72-year-old
female with toe gangrene and single-vessel severe coronary ischemia. Right, 63-year-old male with toe
gangrene and multi-vessel severe coronary ischemia. LAD, Left anterior descending artery; LCX, left circumflex
artery; RCA, right coronary artery.
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identified significant coronary stenosis in eight of these
10 patients, and the mean FFRCT value was 0.76 6 0.09.
There were no cardiac deaths within 30 days of surgery.
Two patients (8.3%) had troponin elevation above base-
line without electrocardiogram changes during the peri-
operative period, both of whom had a positive cCTA and
FFRCT values of 0.74 and 0.68.

DISCUSSION
The findings of the current study demonstrate that pa-

tients presenting with CLTI who have no symptoms of
coronary ischemia or other angina equivalents have a
remarkable burden of significant and severe coronary ar-
tery stenosis. Approximately 70% of patients in this
cohort were found to have a hemodynamically signifi-
cant stenosis of at least one coronary artery (FFR <0.8),
and nearly 55% of patients had severe lesion-specific cor-
onary ischemia (FFR #0.75) in the coronary vasculature.
These results illustrate the value of assessing patients
with CLTI with FFRCT to visualize the anatomic and func-
tional significance of coronary stenosis, thus allowing for
more aggressive cardiac treatment on patients who may
benefit most from coronary revascularization.
The 2016 American Heart Association/American College

of Cardiology guidelines5 for treating patients with PAD
focus on intensive atherosclerotic risk factor modifica-
tion, including smoking cessation, a structured exercise
program, and guideline-directed pharmacotherapy, to
reduce cardiovascular ischemic events. The benefits of
medical therapy with a regimen including an anti-
platelet, statin, beta-blocker, and angiotensin-
converting enzyme inhibitor are evident in symptomatic
patients with PAD, resulting in significantly decreased
cardiovascular death, MI, and stroke in multiple random-
ized controlled trials.7-9,29 However, there is not
convincing evidence that these therapies have translated
to a consequential improvement in 1- or 5-year survival
rates for patients with CLTI in a review of population-
based studies over the last 20 years.1

The reasons for unwavering long-term mortality rates in
patients with CLTI despite these medical advancements
is not clear. The high prevalence of cardiac-related death
persists in patients with PAD and suggests that CAD dis-
ease remains a high-value target. Current recommenda-
tions5,6 do not support screening for CAD in patients with
symptomatic PAD, citing “no evidence to demonstrate
that screening all patients with PAD for asymptomatic
atherosclerosis in other arterial beds improves clinical
outcome.” Contemporary studies have challenged this
assertion with advances in imaging technology and
more aggressive interventional treatment algorithms for
patients with CAD. For example, a recent meta-analysis
reviewing 5460 patients undergoing FFRCT demon-
strated that patients with FFR #0.8 were 2.3 times
more likely to have a major adverse cardiac event, MI,
or unplanned coronary revascularization at 1-year
follow-up compared with patients with FFR >0.8.30

Given the reliable sensitivity between FFRCT and invasive
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Fig 2. Mean lowest fractional flow reserve (FFR) based on Rutherford classification demonstrating nonsignifi-
cant differences between groups.
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coronary angiography with FFR,31,32 the potential for
FFRCT to act as a screening tool and gatekeeper for coro-
nary angiography appears to be fast approaching.33

Much of the basis for restricted screening in patients
with PAD and hesitancy for preoperative cardiac revascu-
larization in patients undergoing non-cardiac vascular
surgery stems from the results of the Coronary Artery
Revascularization Prophylaxis (CARP) trial.34 This trial
found no difference in perioperative (30-day) or long-
term (mean follow-up, 2.7 years) mortality between pa-
tients who were randomized to undergo cardiac revas-
cularization (coronary artery bypass graft or
percutaneous coronary intervention) prior to vascular
surgery vs those that did not undergo preoperative car-
diac revascularization. The limitations of the CARP study
have been openly debated in other forums and do not
require full rehashing here, but factors pertinent to the
current study are worth reviewing. Importantly, initial
screening protocols excluded 38% of 5859 patients by
cardiology consultants, citing insufficient cardiac risk.35

It is uncertain if a lack of cardiac symptoms in the
screened patient population of the CARP trial contrib-
uted to “insufficient cardiac risk” and thus exclusion
from randomization, which would be inappropriate
based on the severity of coronary ischemia discovered
in the asymptomatic cohort of the current study. In addi-
tion, patients with left main stenosis were excluded from
randomization in CARP, constituting 5% to 7% of pa-
tients with CAD in recently published trials,25,36 and is
consistent with the 8% identified in the current data
set. Patients with left main stenosis exhibit significantly
better survival at 2.5 years following revascularization
compared with those with no revascularization.37
Lastly, cardiac revascularization was considered based
on $70% coronary artery stenosis interpreted from visual
angiography, and subsequently, two-thirds of patients in
the trial had incomplete coronary revascularization.35

The gold standard for coronary revascularization in cur-
rent practice relies on invasive FFR measurements. Par-
ikh et al demonstrated a significant mortality benefit at
1-year with FFR-directed revascularization over standard
invasive coronary angiography.38 Outdated risk stratifica-
tion models are also being confronted by modern
research. Monaco et al39 recently published findings of
a prospective randomized study that was undertaken
to determine the effect of systematic coronary angiog-
raphy in medium- to high-risk patients undergoing
vascular surgery vs selective coronary angiography based
on results of standard noninvasive tests. This resulted in
increased revascularization rates in the systematic coro-
nary angiography group, with improved long-term sur-
vival as well as freedom from major coronary events
after a mean follow-up of 58 months.
The implications of the current study advocate for a

reconsideration of the prevalent paradigm in addressing
CAD in patients with CLI. Certainly, this data has shown
that a lack of coronary symptoms is not a representative
indicator of the severity of coronary atherosclerosis in a pa-
tient with CLI. These asymptomatic patients are largely
excluded from routine screening and perioperative
testing under current guidelines. It would seem prudent
to consider the presence of CLI an angina equivalent,
given that many patients with CLTI are unable to exert
the level of activity required to elicit ischemic symptoms
due to limitations in walking distance and mobility. Initial
evidence supporting this algorithm for silently ischemic
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Fig 3. AIM Specialty Health approved indications for coronary computed tomography angiography (CCTA) with
or without computed tomography-derived fractional flow reserve (FFRCT). CAD, Coronary artery disease; MPI,
myocardial perfusion imaging; PET, positron emission tomography.
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patients was recently presented by Krievins et al,26

showing their analysis of 231 patients with CLTI undergo-
ing lower extremity surgical revascularization with preop-
erative FFRCT to guide selective postoperative coronary
revascularization, compared with a standard preoperative
risk stratification protocol and no postoperative revascu-
larization. Of the 111 patients that underwent FFRCT evalu-
ation with selective coronary revascularization, there was a
significant reduction in MI (6.3% vs 17.5%; P ¼ .009) and
improved survival (91.9% vs 80.0%; P ¼ .13) at 2-year
follow-up. More investigation is required to confirm these
findings before expanding this strategy to other patient
populations.
It is worth noting the unexpected challenges we faced in

completing this study, specifically surrounding the small
number of patients that underwent scans. Although the
intent of this research was to serve as a pilot investigation,
the final cohort number was limited by socioeconomic
factors, access to scanners, and insurance denials. Indeed,
communication and coordination with our patients with
CLTI were strained by a lack of reliable phone service to
provide initial explanation of the study, prescription
notification, scheduling issues, and confirmations. Delays
resulted as we resorted to standard mail notifications for
some patients. Furthermore, limited transportation op-
tions proved to be a significant barrier for patients who
agreed to participate, and thus multiple no-shows
resulted. Furthermore, appointment availability of CT ma-
chines with cCTA/FFRCT technology was initially thinly
distributed, secondary to limited capacity. This limitation
has been resolved at our institution but remains a concern
for widespread adoption of this technology.
Lastly, the insurance payor approval rate for obtaining

cCTA in an asymptomatic patient population was regret-
tably quite low. Approvals for cCTA in our region are
largely based on current AIM Specialty Health guidelines,
which require a patient to be symptomatic (chest pain or
angina-equivalent) (Fig 3). This obstacle was expected
given the lack of data supporting cCTA use in asymptom-
atic patients at the initiation of the study; however, we
fared slightly better with a few private insurance com-
panies. It is likely that payor approval will continue to
be an impediment to obtaining scans until more data
can be provided.
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This study has some important limitations. First, the
small cohort size introduces the possibility of skewed
means, Type I error, and may have inconsistent correla-
tion to a larger sample of patients with CLTI. In addition,
the patient cohort was an intentionally exclusive group
for the purposes of this pilot investigation, selected spe-
cifically to optimize imaging quality and diagnostic pre-
cision. Thus, the results remain representative only to this
group and may not be characteristic of a general PAD
population. However, the findings of this study parallel
the presence and severity of coronary ischemia reported
by Krievins et al25,26 in a similar cohort of patients with
CLTI in Latvia evaluated with cCTA and FFRCT. It is likely
that future FFRCT research will be more inclusive of pa-
tients with previous coronary history or revascularization
and with less restrictive comorbidities.
Lastly, the design of this study was intended to identify

the severity and distribution of silent coronary ischemia
in a CLTI cohort. The small patient cohort in this study
does not permit an appropriate statistical comparison
of preoperative cCTA/FFRCT results and adverse 30-day
cardiac events. No claims can be made to the effective-
ness of this imaging modality as a preoperative testing
to predict perioperative coronary events from this data
set. Nonetheless, the findings of this study and other pre-
viously mentioned publications strongly advocate for
additional investigation with well-designed and
controlled multi-center trials.

CONCLUSION
FFRCT identified a significant number of patients with

CLTI with underlying silent (asymptomatic) coronary
ischemia, including nearly 55% of patients who had
lesion-specific severe ischemia. The use of FFRCT to diag-
nose and assist in management of otherwise asymptom-
atic coronary ischemia has the potential to improve
perioperative complication rates and long-term survival
curves of patients with CLTI. Current indications for
CAD screening and justification for FFRCT may deserve
reconsideration in the near future. Additional study is
required to confirm the findings presented herein for
wider applicability.
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DISCUSSION

Dr Claudie Sheahan (New Orleans, Louisiana). I appre-
ciate the opportunity to have reviewed this manuscript.
This was excellent, well-written, and submitted well
ahead of time. I want to congratulate Dr Stanley and
his colleagues for a well-designed pilot study in which
they demonstrated a high prevalence of asymptomatic
coronary artery disease (CAD) in their patients with crit-
ical limb ischemia. In the interest of time, I will not sum-
marize these findings that were just presented.
I have one comment and two questions. My comment

is, since patients with morbid obesity, congestive heart
failure, and chronic kidney disease were excluded, it is
likely that the actual prevalence of asymptomatic CAD
is even higher than you have demonstrated.
My first question is, can you tell us how many of these

patients had their actual treatment plan altered by the
discovery of asymptomatic coronary disease? As you
noted in the manuscript, all of them eventually under-
went revascularization for their critical limb ischemia.
Second, you report that several barriers to care, as you

just discussed, prevented many of these patients from
undergoing the coronary imaging, including transporta-
tion, communication, and insurance obstacles. Can you
give us an estimate of the relative frequency of these bar-
riers? Obviously, overcoming these impediments to care
should be a major focus of our specialty again in the
future.
Again, congratulations on this excellent project, and I

want to thank the Society for the opportunity to
comment on this paper.
Gregory Stanley. Great, thank you, Dr Sheahan, for your

comments and questions. To answer your first question,
certainly I agree with you, the prevalence of significant
CAD is likely higher in these patients that were not
screened. The plan was not significantly altered in any of
these patients, as they all did undergo vascular reconstruc-
tion. There were two patients in this cohort that had periop-
erative troponin leaks and ultimately underwent cardiac
catheterization. One of those patients had an intervention
at that time. The other did not; so, as actually has been
shown in other trials, the perioperative outcomes haven’t
been shown to change much, and that’s true in our patient
population as well, so I think that much more of this focus
will be on the long-term mortality and survival benefit in
treating these patients with CAD.
To answer your second question, the barriers to care

were significant. Less than 50% of all the patients that
we screened ended up getting a scan, and the large ma-
jority of that was secondary to the socioeconomic issues.
The insurance denials made up, I would say, about 20%
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to 25% of the patients that did not end up getting
scanned, and that is not an insignificant number, and,
in fact, one of the patients that was denied by insurance
had a myocardial infarction 1 week after his insurance
denial and ended up in the hospital for 14 days and un-
derwent emergent coronary catheterization, etc, so it’s
certainly a relevant topic that needs to be overcome.
Dr Hernan Bazan (New Orleans). Thank you for present-

ing this pilot study. Just a couple of comments and a ques-
tion. So Heartflow has a value now of $2.4 billion, and it’s
FDA-approved, and it seems like there’s a search to try to
find where to apply it in practice because it hasn’t really
been adopted by cardiologists very much, so one practical
question for you is did any of those patients get percuta-
neous coronary intervention (PCI)? Can you tell us about
that, in the ones that you found fractional flow reserve e

computed tomography (FFR-CT) under 0.75?
Dr Stanley. Yes, so again, two of those patients did un-

dergo cardiac catheterization during the perioperative
period, and one did get a PCI. Less than 10 of the patients
have undergone intervention since scanning, so again,
there have been the same issues to access for those pa-
tients, sort of getting them to follow-up after the scan is
complete, so less than 10 of them have undergone angi-
ography, and a few have undergone PCI.
Dr Bazan. And any that didn’t get PCI that had an FFR-

CT under 0.75, did you follow them? Did they have any
coronary events perioperatively?
Dr Stanley. So far, no, at this point. This study was done
through the middle of last year, so our follow-up is still
less than a year at this point.
Dr Bazan. The last question is so the mechanism of a

myocardial infarction is an atherosclerotic plaque
rupture and embolization, not necessarily low flow and
ischemia. Can you comment on the imaging that’s the
vulnerable plaque vs ischemia?
Dr Stanley. Yes, thank you, and that certainly is one of

the limitations of FFR-CT is that lesion-specific stability
is not elucidated by FFR-CT as of yet, and that remains
an area of active research.
Dr Chris Ramos (Atlanta, Georgia). What was the heart

rate of your patients? As you know, the sensitivity of car-
diac CT is more sensitive when patients are beta-blocked,
heart rate 50 to 60. Were your patients pre-imaging beta-
blocked to get better imaging?
Dr Stanley. Yes, great question. So, I don’t have the

exact number for their mean heart rate. I can tell you
that 75% of the patients that underwent scan did get a
preoperative beta blocker. Our goal was to have them
down to a heart rate less than 70, and I was contacted
by the technicians for several patients that had not met
that criteria, and we added additional medications at
the time of the scan to try to reach that goal, so 75% of
the patients were pretreated.
Dr Sal Scali. Thank you, nice job.
Dr Stanley. Thank you.
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