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Abstract

Objectives INCORPORATE trial was designed to evaluate whether default coronary-angiography (CA) and ischemia-
targeted revascularization is superior compared to a conservative approach for patients with treated critical limb ischemia
(CLI). Registered at clinicaltrials.gov (NCT03712644) on October 19, 2018.

Background Severe peripheral artery disease is associated with increased cardiovascular risk and poor outcomes.

Methods INCORPORATE was an open-label, prospective 1:1 randomized multicentric trial that recruited patients who had under-
gone successful CLI treatment. Patients were randomized to either a conservative or invasive approach regarding potential coronary
artery disease (CAD). The conservative group received optimal medical therapy alone, while the invasive group had routine CA and
fractional flow reserve-guided revascularization. The primary endpoint was myocardial infarction (MI) and 12-month mortality.
Results Due to COVID-19 pandemic burdens, recruitment was halted prematurely. One hundred eighty-five patients were
enrolled. Baseline cardiac symptoms were scarce with 92% being asymptomatic. Eighty-nine patients were randomized to the
invasive approach of whom 73 underwent CA. Thirty-four percent had functional single-vessel disease, 26% had functional
multi-vessel disease, and 90% achieved complete revascularization. Conservative and invasive groups had similar incidences
of death and MI at 1 year (11% vs 10%; hazard ratio 1.21 [0.49-2.98]). Major adverse cardiac and cerebrovascular events
(MACCE) trended for hazard in the Conservative group (20 vs 10%; hazard ratio 1.94 [0.90-4.19]). In the per-protocol analy-
sis, the primary endpoint remained insignificantly different (11% vs 7%; hazard ratio 2.01 [0.72-5.57]), but the conservative
approach had a higher MACCE risk (20% vs 7%; hazard ratio 2.88 [1.24-6.68]).
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Conclusion This trial found no significant difference in the primary endpoint but observed a trend of higher MACCE in the

conservative arm.

Graphical Abstract

A graphical abstract illustrating the key highlights of the design and comparisons
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Introduction

Peripheral artery disease (PAD) is known to be associated
with increased cardiovascular risk. Critical limb ischemia
(CLI) patients can face up to 20% mortality within 6 months
of diagnosis, rising to over 40% at 2 years, primarily due to
cardiovascular and cerebrovascular events [1-3].

The mortality rate associated with CLI surpasses that
of every other form of occlusive cardiovascular disease,
such as coronary artery disease (CAD) due to the systemic
atherosclerotic burden. Moreover, non-invasive methods
often struggle with diagnostic accuracy in CLI patients due
to exercise testing limitations, frequent balanced ischemia,
and widespread coronary calcification.

In addition, patients with PAD have poor short- and long-
term outcomes even following coronary revascularization
compared to those of the overall population. This is
likely due to the high occurrence of complex CAD in
these individuals [4, 5]. However, when angiography
indicates complex coronary pathology without clear
functional confirmation, relying solely on angiographic
assessment can result in multiple interventions without a
definitive ischemic target. Up to 39% of angiographically
obstructive coronary lesions lack functional significance.
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This rate could be higher in patients with severe micro- and
macrovascular atherosclerosis, making revascularization of
non-ischemic myocardium potentially futile. In contrast,
negative effects could arise from unnecessary interventions,
which may confound the outcomes [6].

In a prospective registry, 58% of patients treated for
CLI showed significant CAD upon coronary angiography
(CA). Although this did not influence their 1-year clinical
outcomes, however, the functional relevance of the CAD
was not considered in treatment strategies [7]. Still,
considering the above-detailed limitations of non-invasive
methods and recent guideline recommendations, invasive
physiologic interrogation may be essential for an accurate
risk assessment in this population [8] [9].

Given the significant cardiovascular risks and high pre-
test probability of CAD in patients with severe peripheral
artery disease, Intentional Coronary Revascularization
Versus Conservative Therapy in Patients Undergoing
Peripheral Artery Revascularization Due to Critical Limb
Ischemia trial INCORPORATE trial) aimed to assess the
benefits of a default invasive strategy, targeting ischemic
regions with complete coronary revascularization, versus
a traditional conservative method in patients successfully
treated for CLI via peripheral artery revascularization.
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Methods
Design

The INCORPORATE trial is a prospective, 1:1 randomized,
open-label multicentric study across ten cites. The study flow
chart is depicted in Fig. 1. The trial aimed to test whether an
intentional invasive strategy with ischemia targeted reason-
ably complete coronary revascularization and optimal medi-
cal therapy is superior to a primarily conservative approach
with optimal medical therapy alone in patients with treated
severe PAD and CLI. The primary endpoint of the trial was
the composite of overall death and spontaneous myocardial
infarction (MI) at 1-year follow-up. The secondary end-
point was major adverse cardiac and cerebrovascular events
(MACCE) at 1 year, as well as the individual elements of
the composite endpoint. The detailed design and rationale
of the study were published earlier [10]. INCORPORATE
is an investigator-initiated trial, partially supported by Bos-
ton Scientific (Marlborough, MA, USA) with non-financial

Patient with
successful peripheral artery revascularization
due to critical limb ischemia
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Fig. 1 Flow chart of the INCORPORATE trial

support. Protocol is approved by the ethical committees of
all collaborating centers. The study was registered at clini-
caltrials.gov (NCT03712644).

Patients

The INCORPORATE trial aimed to enroll 650 patients who
had undergone successful percutaneous or surgical periph-
eral revascularization due to CLI, defined as Rutherford-
Becker classification 4 or higher [11]. Patients in the con-
servative group received optimal medical therapy alone and
followed up as per protocol. Any further cardiac investiga-
tions were only performed if there was a clinical suspicion
of chronic or acute myocardial ischemia-related symptoms.
Patients in the invasive group received optimal medical
therapy, as well as underwent elective CA, followed by
fractional flow reserve (FFR)—guided assessment of existing
CAD. Coronary revascularization was performed only if jus-
tified by FFR measurements. Patients in both groups did not
undergo non-invasive myocardial functional assessments fol-
lowing revascularization of CLI and prior to randomization.

Statistical methods

In the foundational design of the INCORPORATE trial, as
outlined in our previously published paper on the study’s
design and rationale [10], our sample size calculation was
based on an expected absolute difference of 10% in the
composite outcome of spontaneous myocardial infarction
and all-cause mortality between treatment groups at 1-year
follow-up. This expectation was predicated on an anticipated
event rate of 20% in the conservative group and 10% in the
invasive group. To achieve 90% power at a 5% alpha level,
while accounting for an expected crossover rate of 5%, we
calculated a necessary sample size of 650 patients.

All analyses were performed with Prism GraphPad 9.0
(GraphPad Software Inc., CA, USA). Continuous variables
are reported as mean + standard deviation or median [inter-
quartile range], as appropriate. Categorical variables are
reported as counts (percentages). The normality of the con-
tinuous variables was tested using the D’Agostino-Pearson
omnibus normality test. Two-sample #-test or Mann—Whit-
ney test was used to compare continuous variables between
two groups, and Fisher’s exact or chi-square tests were used
to compare categorical variables. Kaplan—Meier method was
used to generate time-to-first event curves. Comparison of
clinical outcomes between the two groups was performed by
Cox regression. The level of significance was set at p <0.05.
In the intention-to-treat analysis (ITT), subjects were ana-
lyzed based on their initial group assignment, independent of
the treatment received, or adherence to protocol. In the per-
protocol (PP) analysis, only subjects were included, whose
treatment strictly complied with the study protocol. In the
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as-treated (AT) analysis, patients were categorized on the
basis of the treatment strategy they actually received.

Results

The COVID-19 pandemic significantly impacted the conduct
of this clinical trial, causing substantial challenges in patient
enrollment, protocol alignment, and data collection, leading
to its premature termination. The overall number of patients
in the trial was 185, with 96 patients assigned to the con-
servative group and 89 patients to the invasive group. This
was significantly below the projected sample size of 650.
The observed event rate in the conservative group was 11%,
lower than the anticipated 20%.

Majority of patients were male (67%), and the mean age
was 69 +9 years. Detailed clinical characteristics are shown
in Table 1. Additionally, baseline medications administered
to patients in both the invasive and conservative treatment
groups, as per their initial randomization in the per-protocol
groups, are outlined in Table 2.

All patients in the study were diagnosed with CLI, with
96% presenting symptoms at or above Rutherford class 4.
These cases were successfully treated through various revas-
cularization methods prior to recruitment: 44% underwent
iliofemoral, 34% had below-the-knee, and 21% received
combined revascularization. Of these interventions, 92.5%
involved angioplasty-related procedures, while 7.5% under-
went surgical procedures. Specifically, among those treated

Table 2 Baseline medications administered to patients in both the
invasive and conservative treatment groups, as per their initial rand-
omization in the per-protocol groups

Medication Invasive group Conservative group p
n/mean % or SD  n/mean % or SD

ASA 67 77.9 79 82.3 0.464
Second APT 54 62.8 66 68.8 0.436
Anticoagulant 21 24.4 29 30.2 0.410
Statin 65 75.6 79 82.3 0.279
ACEI/ARB 50 58.1 59 61.5 0.653
BB 44 51.2 47 49.0 0.882
CCB 17 19.8 28 29.2 0.170

Abbreviation used in the table are ASA for aspirin, BB for beta block-
ers, ALP for antiplatelet drugs, ACEI/ARB for angiotensin-convert-
ing enzyme inhibitors/angiotensin II receptor blockers, and CCB for
calcium channel blockers

with angioplasty-related procedures, 35.8% received percu-
taneous transluminal angioplasty, 32.4% underwent plain old
balloon angioplasty, 16.9% were treated with drug-eluting
balloons (DEB), and 14.8% had a combination of stent
placement and DEB. At baseline, 21.8% of all patients were
on aspirin alone, and 78.1% were on dual antiplatelet therapy
(DAPT). Within the invasive group, 68.2% were on DAPT
and 15.1% were on aspirin alone.

At baseline, cardiac symptoms were predominantly
mild and infrequent. Ninety-two percent of patients had a
Canadian Cardiovascular Society (CCS) grading of angina

Table 1 Clinical characteristics

Conservative group Invasive group (n=89) p
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(n=96)
n/mean % or SD n/mean % or SD
Male gender 61 63.5 60 69.8 0.43
Age 70 8.65 68.4 9.4 0.23
Weight (kg) 82 20.7 84 19.8 0.62
Height (cm) 167 19.2 170 18.1 0.17
Hypertension 84 87.5 72 83.7 0.53
Dyslipidemia 66 68.8 57 66.3 0.75
Diabetes mellitus 56 58.3 45 52.3 0.46
Smoking 37 38.5 57 66.3 <0.01
Family history 8 8.3 19 22.1 0.01
GFR 66 17 65 22 0.69
PCI in medical history 17 17.7 16 18.6 0.99
Myocardial infarction in medical history 14 14.6 10 11.6 0.66
CABG in medical history 4 4.2 7 8.1 0.35
Atrial fibrillation 19 19.8 12 14.0 0.33
Rutherford Score 4.7 0.76 4.5 0.96 0.13
Iliofemoral revascularization 30 313 30 31.3 0.64
Femoropopliteal revascularization 22 22.9 22 22.9 0.46
Below-the-knee revascularization 39 40.6 39 40.6 0.55
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pectoris of <2, while 73% were classified with a New York
Heart Association (NYHA) score of < 2.

Of the 89 patients randomized to the invasive group,
73 underwent coronary angiography (CA) as per proto-
col. Invasive CA was performed during the same hospi-
tal stay or within 14 days at the latest. For complex or
multi-vessel diseases, complete revascularization could
be achieved through multiple staged procedures. There
were 16 instances of crossover from the invasive group
to the conservative group, primarily due to bed shortages
during the COVID-19 pandemic and patient preferences.
Angiographically, 81% demonstrated significant CAD:
33% with single-vessel disease and 48% with multi-vessel
disease. After functional interrogation by FFR, this was
downgraded, yet 60% still had a diagnosis of functionally
significant CAD. This comprised 34% with functionally
significant single-vessel disease and 26% with function-
ally significant multi-vessel disease. The average FFR was
0.65 +£0.12. After the invasive strategy was performed,
91% of the randomized patients were free of remaining
functionally relevant stenosis. We observed a protocol
deviation in 9% of eligible patients with functionally sig-
nificant CAD. The decision to not proceed with revascu-
larization in these cases was influenced by multiple fac-
tors, including the complexity of the coronary lesions,
patient-specific risk factors, and the clinical judgment
of the treating physicians. Coronary status and means of
revascularization are detailed in Table 2.

All patients completed 1-year follow-up. In the ITT
analysis, the incidence of the combined primary endpoint
of death and spontaneous MI at 1 year was similar between
the conservative and invasive groups (11% vs 10%; haz-
ard ratio 1.21 [0.49 to 2.98]). Nevertheless, a numerical
rise in the risk of MACCE was observed with the con-
servative approach (20 vs 10%; hazard ratio 1.94 [0.90 to
4.19]). In the PP analysis, the primary endpoint remained
non-significant (11% vs 7%; hazard ratio 2.01 [0.72 to
5.57]), while an increased risk of MACCE was shown for
the conservative approach (20% vs 7%; hazard ratio 2.88
[1.24 to 6.68]). The primary contributor to this increase in
MACCE was a higher incidence of revascularization in the
conservative arm. Specifically, these events were driven by
urgent revascularizations in five cases, while three cases
were attributed to spontaneous myocardial MIs. All revas-
cularization procedures were performed via PCI, target-
ing the culprit lesion and aiming for a functionally guided
complete revascularization whenever possible. AT analysis
showed a tendency for a higher incidence of the primary
endpoint for conservatively treated patients (14% vs 6%;
hazard ratio 2.34 [0.94 to 6.67]) and significant risk of
MACCE as well (22% vs 7%; hazard ratio 3.01 [1.38 to
6.56]) (Table 3; Fig. 2).

Table 3 Coronary angiographic and procedural characteristics

Invasive group—coronary characteristics

n %
Angiographically significant involvement
Single-vessel disease 24 33%
Multi-vessel disease 35 48%
Left main 7 9%
Left anterior descending artery 44 60%
Left circumflex artery 28 38%
Right coronary artery 29 40%
Functionally significant involvement
Single-vessel disease 25 34%
Multi-vessel disease 20 27%
Left main 3 5%
Left anterior descending artery 31 42%
Left circumflex artery 12 16%
Right coronary artery 21 29%
FFR—overall 0.77+0.15
FFR—for functionally significant stenoses 0.65+0.12
Strategy
Revascularization performed 39 54%
Single-vessel revascularization 21 29%
Multi-vessel revascularization 18 25%
No functionally relevant stenoses left behind 66 91%
Discussion

Considering the distinct cardiovascular risk in patients
presenting with CLI, the INCORPORATE trial sought to
determine whether a proactive approach with default CA
and ischemia-targeted revascularization is superior to a con-
ventional conservative approach in terms of spontaneous MI
and overall survival at 12 months. The trial was prematurely
halted due to COVID-19-related burdens, and therefore, it
failed to show significant differences between the outcomes
of two groups. Nevertheless, there was a signal of trends
towards an unfavorable outcome in conservatively treated
patients, especially for the combined secondary endpoint of
MACCE (Table 4).

Given the results of recent trials like ORBITA,
ISCHEMIA, and REVIVED, there is a rising debate about
the necessity of coronary revascularization in chronic coro-
nary syndrome [12-14]. Contrarily, other studies have dem-
onstrated that when revascularization is limited to patients
with extensive ischemia and to lesions which are responsible
for it, then beneficial outcomes can be expected compared
to pure optimal medical therapy [15, 16]. Even more impor-
tantly, patients with significant non-revascularized coronary
artery disease were exposed to a greater long-term risk of
death or myocardial infarction, even though they presented
with no or only mild symptoms at baseline [17].
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Fig.2 Primary outcome of
patients at 12 months according
to intention-to-treat, per-proto-
col, and as-treated analyses
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Table 4 Primary and secondary outcomes of patients at 12 months according to intention-to-treat, per-protocol, and as-treated analyses

Intention-to-treat Per-protocol As-treated

Conservative Invasive Conservative Invasive Conservative Invasive

N (%) N (%) HR (90% CI) N (%) N (%) HR (90% CI) N (%) N (%) HR (90% CI)
Death and 11 8 1.21 (0.49 to 11 4 2.01 (0.72 to 15 4 2.34 (0.94 to
spontaneous 2.98) 5.57) 6.67)
myocardial
infarct
Death 9 8 0.96 (0.37 to 9 4 1.66 (0.55 to 13 4 2.07 (0.79 to
2.49) 4.97) 5.43)
Spontaneous 3 0 6.67 (0.69 to 3 0 6.06 (0.61 to 3 0 5.57 (0.56 to
myocardial 64.48) 58.65) 55.29)
infarct
Revasculariza- 8 0 6.33 (1.58 to 8 0 5.82 (1.44 to 8 0 5.48 (1.34 to
tion 25.47) 23.56) 22.39)
Stroke 3 0 5.99 (0.61 to 3 0 5.63 (0.57 to 3 0 5.40 (0.54 to
58.47) 55.70) 54.04)
MACE 16 8 1.74 (0.78 to 16 4 2.66 (1.10 to 20 4 2.84 (1.26 to
3.88) 6.43) 6.38)
MACCE 18 8 1.94 (0.90 to 18 4 2.88 (1.24 to 22 4 3.01 (1.38 to
4.19) 6.68) 6.56)
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Actually, the patient population investigated in the
INCORPORATE trial shares many similarities with this
latter cohort: these patients bear a significant atheroscle-
rotic burden in the peripheral vasculature, which is in itself
associated with a higher incidence of coronary atherosclero-
sis and pronounced cardiovascular risk [18, 19]. This aligns
with our findings as well, where almost two-thirds of the
patients in the invasive group did indeed have one or more
functionally relevant coronary artery stenoses with FFR as
low as 0.65 +0.12. Notably, the incidence of left main stem
and left anterior descending artery stenosis was as high as
45%.

Still, clinical symptoms such as angina or shortness of
breath during exercise might remain concealed, which can
be explained by the minimal exercise capacity of these
patients due to their primary disease. Patients, recruited in
the trial, were suffering from Rutherford 4 or more symp-
toms, suggesting severe claudication or even rest pain in
the lower extremities. This suggests that in daily life, these
patients rarely engage in exercise intense enough to reach the
ischemic threshold of their myocardium. In line with this, we
found that fewer than one-tenth of the patients experienced
CCS II or worse angina, and only one-quarter had a NYHA
IT or worse symptomatic status. However, the applicability
and interpretability of the CCS and NYHA classification
systems for these patients may be questionable. It is impor-
tant to emphasize, while these patients have minimal or no
symptoms, and probably no myocardial perfusion deficiency
at baseline, this condition might change dramatically once
patients undergo successful peripheral revascularization,
releasing the former exercise capacity burden. As exercise
capacity becomes less limited by peripheral vascular condi-
tions, the myocardium faces an increase in workload that
coronary perfusion potentially cannot comply with. In the
best-case scenario, this situation leads to progressive stable
symptoms only. However, this might also explain the high
incidence of early myocardial infarction and cardiac mortal-
ity as the first presentation in patients who underwent treat-
ment for CLI [1, 20-22].

This mechanism suggests that careful cardiologic assess-
ment towards existing CAD might be reasonable for patients,
who underwent treatment of CLI. The decision whether to
begin with non-invasive tests or to proceed directly with
invasive CA remains a topic of open discussion. This choice
may also be influenced by local logistical factors. Systematic
non-invasive testing as a gatekeeper could have its strategic
importance. However, modalities such as ergometry, myo-
cardial scintigraphy, and coronary computed tomography
have their own limitations, either in sensitivity or specificity,
when dealing with this potentially complex CAD popula-
tion [23]. However, and as highlighted in a recent consensus
paper, particularly with the latest generation of CT scanners,
CCTA may possess the capability to not only diagnose but

also guide the treatment of CAD, including multi-vessel dis-
ease [24]. Stress echocardiography or stress magnetic reso-
nance tomography could offer a more conclusive approach,
especially in experienced hands. The results can even guide
revascularization, once indicated. On the other hand, one
could argue that the threshold for invasive CA could be kept
low, considering the inherently high pretest probability. Still,
the cornerstone of revascularization strategies has to remain
the functional confirmation of lesion significance. This can
probably be done equally well by either angiogram-based
or wire-based technologies. In the INCORPORATE trial,
we specifically avoided non-invasive functional assessments
in this high-risk cohort for several reasons. As detailed in
the design paper [10], patients with CLI present unique
challenges: (1) the inability of exercise testing due to lim-
ited physical capacity, (2) frequent occurrence of balanced
ischemia, and (3) widespread coronary calcification that lim-
its the diagnostic accuracy of non-invasive tests. Balanced
ischemia occurs when there is diffuse and symmetric reduc-
tion in blood flow to the myocardium, making it difficult for
non-invasive imaging tests to detect regional differences in
perfusion. These limitations justify, in our opinion, the use
of invasive coronary angiography and FFR measurement to
obtain precise functional information on coronary lesions.
This approach aligns with the ESC guidelines’ recommenda-
tion that when non-invasive tests are not available or incon-
clusive, invasive measures such as FFR are warranted to
guide revascularization decisions. According to the 2019
ESC guidelines, these techniques are recommended for ini-
tial diagnosis, especially in patients with lower probabilities
of significant CAD. However, invasive coronary angiogra-
phy remains the gold standard for definitive diagnosis, par-
ticularly in high-risk patients with inconclusive non-invasive
test results [8].

It is also important to note that since the inception of the
INCORPORATE trial, there have been significant advance-
ments in high-quality CT technology and CT-derived frac-
tional flow reserve (CT-FFR). These advancements may
warrant consideration in future studies or clinical practice
for similar patient cohorts.

While the INCORPORATE trial did not specifically
address the impact of routine coronary angiography prior
to PAD surgery on surgical risk, it is important to note that
existing evidence suggests no significant benefit in this con-
text [25]. Previous studies have indicated that routine coro-
nary angiography before PAD surgery does not reduce surgi-
cal risk or improve outcomes. This underscores the need for
careful patient selection and highlights the distinct approach
of our study, which focuses on FFR-guided revascularization
in patients who have already undergone successful periph-
eral revascularization.

It is noteworthy that only 75% of patients in the interven-
tion group, despite being high-risk, were on statin therapy.
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This suboptimal use of statins highlights the need for improved
adherence to guideline-recommended therapies in high-risk
populations, ensuring that all eligible patients receive appro-
priate lipid-lowering treatment could potentially enhance clini-
cal outcomes. Patients treated invasively were more frequently
smokers compared to those in the control group. Smoking is a
known risk factor for adverse cardiovascular events, which can
influence outcomes. This disparity could have mitigated the
potential benefits of revascularization, despite the intervention.

The study has limitations to be declared. The COVID-19
pandemic significantly impacted the execution of the study:
It posed substantial challenges in patient recruitment and
maintaining protocol adherence for individuals, particularly
when rapid discharge was a general policy due to limited
hospital capacities. This primarily resulted in a certain
rate of crossover, which ultimately exceeded the initially
expected rate. Secondly, these issues prompted us to termi-
nate the trial early because of a drastic slowdown in patient
recruitment, making it unrealistic to complete the trial
within a reasonable timeframe. Thirdly, even if this patient
cohort suffers dramatically bad cardiovascular outcome, we
observed markedly lower event rate than expected from for-
mer literature. Still, we are convinced that the data, which
has been generated, despite their limitations, are valuable for
enhancing our understanding of this extremely vulnerable
patient cohort.

As highlighted in the “Results” section, the observed
event rate in the conservative group was notably lower than
anticipated, at 11% compared to the expected 20%. This,
coupled with the reduced enrollment of only 185 patients,
which is 28% of our initial target, has substantially affected
our trial’s power. Recalculations indicate that the power to
detect a significant difference between groups under these
new conditions is approximately 5.57%, markedly lower than
the intended 90%. Moreover, the required sample size to
achieve the original power, given the observed event rate,
would be estimated to be around 39,476 patients, far exceed-
ing our initial projection of 650. This significant disparity
highlights the challenges in detecting true differences with
such a reduced sample and altered event rates. However,
the smaller sample size does raise concerns about the vari-
ability and accuracy of the observed event rate. These fac-
tors underscore the need for a cautious interpretation of our
results. Additional data or studies would be necessary to
validate these findings and better understand the true event
rates in a larger and more diverse population.

Conclusions
INCORPORATE demonstrates that in patients with CLI,

significant CAD is common, yet cardiac symptoms are
scarce. There was no significant difference in the primary
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endpoint between upfront revascularization and conserva-
tive treatment. However, a trend towards higher MACCE in
the conservative arm was noted. Therefore, routine cardiac
investigation could frequently reveal functionally relevant
coronary stenoses, highlighting a potential target to improve
outcomes in this vulnerable cohort.
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