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KEYWORDS Summary
Critical limb Objectives. — Patients with critical limb ischemia (CLI) present a high risk of cardiovascular
ischemia; events and death. This study aimed to investigate the incidence of major adverse cardiovascular
Mortality; events (MACE) and one-year mortality in patients undergoing percutaneous revascularization
Cardiovascular events procedure for CLI.

Methods. — This investigation is a retrospective analysis of an ongoing cohort study in patients
with CLI undergoing endovascular revascularization, hospitalized in the vascular medicine
department from November 2013 to December 2018. Major cardiovascular events were col-
lected during the first year after revascularization procedure and were defined as heart failure,
acute coronary syndrome, ischemic stroke and sudden death. Mortality and major limb amputa-
tions, defined as above-the-ankle amputation, were determined during the one-year follow-up
period. Multivariate logistic regression analyses were performed to identify factors indepen-
dently associated with the occurrence of MACE and one-year mortality after revascularization
procedure. A P<0.05 was considered as statistically significant.
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Results. — The study included 285 consecutive patients, 157 men (55%) and 128 women (45%),
with a mean age of 77.8 +£12 years. Treated hypertension was present in 222 (78%) patients;
diabetes was present in 137 (48%) patients; 112 (39%) patients had known coronary heart disease
and 20 (7%) patients were dialysis dependent. During the one-year follow-up after revascular-
ization procedure, 75 (26.3%) patients presented an incident cardiovascular event, of whom 19
(6.7%) patients in the perioperative period. Cumulative mortality rate was 26.7% (76 patients)
mostly from cardiovascular causes. Twenty-five patients (8.8%) experienced major amputation.
In multivariate analysis, the occurrence of MACE was associated with an increased mortality
risk (HR 6.96 (2.99—16.94), P<0.001). Other variables associated with an increased mortality
were living in a nursing home and malnutrition. Decompensated heart failure and coronary
heart disease were both associated with incident MACE in multivariate analysis, independently
of confounders.

Conclusion. —In the present study population, incident MACE were prevalent in the year fol-
lowing endovascular revascularization procedure in patients with CLI and were associated with
an increased risk of mortality. Coronary heart disease and decompensated heart failure are
important contributors for the occurrence of MACE. In this elderly patient population with CLI,
these results should be taken into account during the multidisciplinary team meeting before

consideration of revascularization procedure.
© 2022 Elsevier Masson SAS. All rights reserved.

Introduction

The number of people living with peripheral artery disease
(PAD) is increasing, driven mainly by population ageing [1].
Lower limb arterial disease is prevalent in nearly 20% among
octogenarian patients [2]. Characteristic symptoms of criti-
cal limb ischemia (CLI), the end-stage of PAD, may appear in
more than 10% of patients with known PAD or may be diag-
nosed as primary CLI presentation, in particular in diabetics
and in patients with chronic kidney disease [3]. Patients with
CLI present a particularly high risk of major limb adverse
events (MALE) and overall mortality [4]. Whenever fea-
sible, revascularization is the cornerstone of therapy to
relieve ischemic pain and improve amputation-free survival.
Limb salvage procedures may include conventional surgery
or balloon angioplasty adapted to segmental lesions [5].
The choice for the revascularization procedure is related
to many factors: anatomical lesions, distribution of arterial
disease, operative risk related to patient’s health status,
presence of infection and local expertise [6]. Considered as
minimally invasive, with lower mortality rate as compared to
conventional surgery, endovascular techniques have really
taken off during the last decades [7]. Advancement in
catheter-based technologies offer the possibility to manage
multi-vessel disease and to perform distal revascularization
of the plantar arch and the pedal artery [8]. Concomi-
tantly, there has been a decrease in major amputation rate
over the past few years [9]. However, early mortality rate
remains high in this population with end-stage PAD, reach-
ing 25% through 12 months follow-up after revascularization
procedure [10,11]. Adverse cardiovascular events represent
a major concern in these patients [12,13]. Furthermore,
malnutrition and advanced organ damage, especially heart
failure and renal insufficiency, are frequent comorbid condi-
tions associated with poor prognosis in CLI patients [14,15].
Delineating the respective contribution of cardiovascular
events and comorbid conditions for mortality is essen-
tial to improve clinical outcomes in revascularized CLI
patients.

The aim of the present study was to analyze the inci-
dence of major adverse cardiovascular events (MACE), major
limb amputation, overall mortality and associated risk fac-
tors through one-year follow-up in patients managed for CLI
in the current era of endovascular revascularization proce-
dures.

Material and methods

Study design

This investigation was designed as a retrospective cohort
study in patients with CLI, managed in the vascular medicine
department of Paris Saint-Joseph hospital. Between Novem-
ber 2013 to December 2018, endovascular revascularization
procedure for limb salvage was proposed in 297 consecutive
patients during a multidisciplinary team meeting consisting
of vascular medicine doctors, vascular surgeons and inter-
ventional radiologists. Clinical data, with cardiovascular
outcomes and one-year follow-up survival, were retrospec-
tively collected in a dedicated report form. Information on
survival could not be precised for 12 patients (4%) who were
lost to follow-up because of relocation. These patients were
excluded from the present analysis and the study population
comprised 285 patients. This study is registered according to
local reglementary procedures.

Participants

All patients presented with CLI and underwent endovascular
revascularization procedure for limb salvage. Critical limb
ischemia was defined as documented atherosclerotic PAD
in association with ischemic rest pain or tissue loss of
the forefoot evolving for more than 2 weeks. Hemody-
namic evaluation consisted of ankle brachial pressure
index (ABIl) and great toe laser Doppler flowmetry (LDF)
measurement. Critical limb ischemia was objectively
assessed with hemodynamic measurements: absolute
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highest ankle pressure <50mmHg, ABI<0.40 or absolute
toe pressure <30 mmHg [16].

Exclusion criteria were defined as arterial occlu-
sive disease not related to atherosclerosis, acute limb
ischemia, presence of active life-threatening condition
including life-threatening limb sepsis or contraindication to
antithrombotic therapy.

Revascularization procedure was performed under loco-
regional anesthesia.

Technical success was defined by the endovascular revas-
cularization patency at the end of the procedure.

Data collection at baseline

Data were retrospectively collected at baseline during the
index hospitalization for revascularization procedure:

e clinical parameters included: gender, age, body mass
index (BMI), blood pressure (BP), ABI and great toe LDF,
cardiovascular risk factors, history of coronary heart dis-
ease (CHD), prior revascularization procedure for PAD,
statin and renin-angiotensin-system-inhibitor treatment.
Community-living status or institutionalized in a nursing
home was also collected;

e admission biological parameters included level of serum
albumin and estimated glomerular filtration rate using
the Modification of Diet in Renal Disease (MDRD) Study
equation [17].

Cardiovascular risk factors included smoking status (clas-
sified as ever, current or former smoker, or never smoker),
hypertension and diabetes mellitus defined by a history of
diagnosis or treatment for these conditions. Coronary heart
disease was defined by a history of myocardial infarction or
coronary revascularization.

Outcome measures

Patients were followed up as part of their normal care.
Perioperative complications through 30 days were retro-
spectively recorded:

e complication at the puncture site (groin hematoma or
pseudoaneurysm), not requiring invasive treatment pro-
cedure;

e major bleeding, defined according to the International
Society on Thrombosis and Haemostasis [18] as fatal
bleeding, and/or symptomatic bleeding in a critical area
or organ, and/or bleeding causing a fall in hemoglobin
level of 2g/dL or more, or leading to transfusion of two
or more units of red cells.

Fatal and non-fatal major cardiovascular events (MACE)
were retrospectively collected in the one-year follow-up
period and were defined as heart failure, acute coronary
syndrome, ischemic stroke and sudden death.

Mortality and major limb amputations, defined as above-
the-ankle amputation, were determined during the one-year
follow-up period.
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Statistical analysis

Continuous variables were presented as mean =+ standard
deviation; categorical variables were expressed as per-
centage. For baseline characteristics and mortality events,
between group comparisons of continuous variables were
made with Student’s t-test or Mann—Whitney test, and cat-
egorical variables were analyzed with Chi? test or Fisher’s
exact test as appropriate.

A P <0.05 was considered as statistically significant. Mul-
tivariate logistic regression, including all variables related to
mortality at a threshold P <0.05 in the univariate analysis,
was performed to identify factors independently associ-
ated with one-year mortality and the occurrence of MACE.
Kaplan—Meier survival curves were presented, displaying
the estimated survival probability one year after revascu-
larization procedure in patients with and without incident
cardiovascular event. Statistical analysis was performed
using R Statistical Software.

Results

Patients’ characteristics

The characteristics of the 285 patients at inclusion are pre-
sented in Table 1. The study cohort comprised 128 women
(45%) and 157 men (55%) with a mean age of 77.8 & 12 years.
The vast majority of the patients (262 patients (92%)) pre-
sented with tissue loss and 23 (8%) patients presented with
ischemic rest pain without ulceration. At hospital admis-
sion, mean ABI was 0.59 (+£0.44), mean great toe LDF 25.6
(+£14.7) mmHg with a mean toe pressure index 0.20 (+0.11).
Treated hypertension was present in 222 (78%) and almost
half of the patients were diabetic (48%). History of CHD
was present in 112 (39%) patients and 20 (7%) patients were
dialysis dependent. Protein malnutrition was highly preva-
lent, serum albumin level below 35g/L was present in 176
(62%) patients. Institutionalized status in a nursing home was
noted in 57 (20%) patients.

Among the 285 patients, 10 (3.5%) had previously under-
gone major limb amputation before admission. One hundred
and forty-nine patients (52%) had already undergone at least
one previous endovascular or surgical revascularization for
PAD.

Clinical outcomes after endovascular
revascularization

Immediate revascularization success was achieved in 95.4%
of patients; the procedure failed in 13 patients (4.6%) due
to massive calcified arteries.

In the post-procedure period, distal hemodynamic
parameters improved markedly with a mean ABI of 0.86
(+£0.29), a mean great toe LDF 49.5 (+18.1) mmHg with a
mean toe pressure index at 0.39 (+0.15).

Peri-procedural adverse events
In the perioperative period (up to 30 days after the pro-
cedure), major bleeding, cardiovascular adverse events and
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Table 1

Clinical and biological parameters according to survival status at one year.

All population; n=285

Survival; n=209 Mortality; n=76 P

Clinical parameters

Age 77.8 (12.0)
BMI 24.5 (4.88)
Women (%) 128 (44.9%)
Baseline SBP 132 (18.2)

Baseline DBP 69.9 (7.79)
Baseline PP 62.3 (15.8)
Baseline MBP 90.7 (9.77)
Baseline HR 75.1 (11.6)

Diabetes (%)
Hypertension (%)
Ever smoker (%)
Dialysis-dependency (%)
History (%)
Ischemic stroke or TIA
Coronary heart disease
PAD revascularization®
Left ventricular ejection fraction (%)
Institutionalized status (%)
Biological parameters

137 (48.1%)
222 (77.9%)
192 (67.4%)
20 (7.19%)

48 (16.8%)
112 (39.3%)
90 (31.6%)
59.5 (12.8)
57 (20.0%)

Creatinine clairance (mL/mn) 71.0 (28.4)
Hemoglobin (g/dL) 11.2 (1.62)
Albumin (g/L) 32.9 (5.59)
C-reactive protein (mg/L) 59.9 (65.8)
Brain natriuretic peptide (pg/mL) 456 (675)
Hemodynamic parameters pre-procedure
Ankle—brachial index 0.59 (0.44)
Great toe LDF (mmHg) 25.6 (14.7)
Great toe LDF index 0.20 (0.11)
Hemodynamic parameters post-procedure
Ankle—brachial index 0.86 (0.29)
Great toe LDF (mmHg) 49.5 (18.1)
Great toe LDF index 0.39 (0.15)

Treatment at discharge
Statin (%)
IRAS (%)
Anticoagulant (%)

251 (88.1%)
182 (63.9%)
93 (32.9%)

76.4 (12.0) 81.6 (11.1) 0.001
24.9 (4.99) 23.4 (4.41) 0.028
86 (41.1%) 42 (55.3%) 0.047
135 (16.7) 124 (19.8) <0.001
71.0 (7.68) 66.9 (7.36) <0.001
64.1 (15.1) 57.3 (16.7) 0.002
92.3 (9.04) 86.0 (10.3) <0.001
74.7 (11.4) 76.1 (12.1) 0.362
105 (50.2%) 32 (42.1%) 0.280
167 (79.9%) 55 (72.4%) 0.232
145 (69.4%) 47 (61.8%) 0.290
13 (6.37%) 7 (9.46%) 0.537
31 (14.8%) 17 (22.4%) 0.185
78 (37.3%) 34 (44.7%) 0.319
65 (31.1%) 25 (32.9%) 0.885
61.6 (11.3) 54.4 (14.7) 0.001
32 (15.3%) 25 (32.9%) 0.002
71.4 (27.4) 70.0 (31.3) 0.737
11.4 (1.66) 10.8 (1.43) 0.009
34.1 (5.56) 30.3 (4.76) <0.001
55.3 (68.1) 71.2 (58.9) 0.080
281 (303) 793 (997) 0.001
0.58 (0.42) 0.61 (0.50) 0.689
25.6 (15.0) 25.3 (13.8) 0.871
0.19 (0.11) 0.21 (0.12) 0.398
0.86 (0.29) 0.87 (0.30) 0.882
49.4 (18.0) 49.6 (18.6) 0.955
0.39 (0.13) 0.42 (0.18) 0.280
187 (89.5%) 64 (84.2%) 0.315
141 (67.5%) 41 (53.9%) 0.050
62 (30.0%) 31 (40.8%) 0.115

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; MBP: mean blood pressure; HR:
heart rate; TIA: transient ischemic attack; PAD: peripheral arterial disease; LDF: great toe laser Doppler flowmetry; IRAS: inhibitors
of the renin-angiotensin system. Data are presented as mean (+ standard deviation) or number (%).

a Ninety patients underwent more than one endovascular revascularization procedure for critical limb ischemia.

local complication at the puncture site occurred in 37 (13%),
19 (6.7%) and 16 (5.6%) patients, respectively.

Twelve patients died in the perioperative period (within
30 days after procedure) with a perioperative mortality rate
of 4%: MACE (6 patients), septic complication related to
ulcers (3 patients), limb ischemia (2 patients), hemorrhage
(1 patient).

Overall mortality
A total of 76 patients died during the one-year follow-up
(26.7% of the present cohort), with a median death rate at
3 months.

Cardiovascular events were highly prevalent, account-
ing for 40.8% of overall mortality (31 patients). Sudden

22

deaths represented one third (10 patients) of cardiovascular
deaths.

Ischemic stroke and acute coronary syndrome were
the main causes of death in 7 (9.2%) and 5 (6.6%)
patients, respectively. Decompensated heart failure was
present as either the main or one of the contribut-
ing causes of death in 15 patients (19.7% of overall
mortality).

Sepsis and lower limb ischemia (acute limb ischemia or
extensive gangrene) were reported in 21% (16 patients) and
(11.8%, 9 patients) of deaths. Chronic pulmonary insuffi-
ciency and end-stage renal disease were the main causes
of death in 4 (5.3%) and 2 (2.6%) patients, respectively. Two
patients (2.6% of deaths) died from cancer (esophageal can-
cer and colorectal cancer). One patient faced hemorrhagic



JMV—Journal de Médecine Vasculaire 47 (2022) 19—26

Table 2 Perioperative complications, incident cardiovascular events and major amputations according to survival status at one
year.
All population; n=285 Survival; n=209 Mortality; n=76 P

Perioperative complications

Local procedure complication 16 (5.61%) 8 (3.83%) 8 (10.5%) 0.041

Hemorrhages 37 (13.0%) 24 (11.5%) 13 (17.1%) 0.294

MACE 19 (6.67%) 7 (3.35%) 12 (15.8%) 0.001
Incident MACE 75 (26.3%) 27 (12.9%) 48 (63.2%) <0.001
Major limb amputation 23 (8.07%) 22 (10.5%) 1(1.32%) 0.023

MACE: major cardiovascular events.

stroke in the follow-up. The main cause of death could not
be precised retrospectively in 10 patients.

Cardiovascular events

Overall, 75 patients (26.3%) presented a MACE through
the one-year follow-up. Forty-four patients (15.8%) pre-
sented a non-fatal MACE: 35 patients (12.3%) presented
decompensated heart failure in the peri procedural
period, 3 patients (1.0%) presented a cerebrovascular
event, and 6 patients (2.1%) presented an acute coronary
syndrome.

Lower limb events

Twenty-five patients (8.8%) underwent homolateral major
amputation surgery within one year after the revasculariza-
tion procedure. At three months, 44 patients had undergone
a minor amputation and 13 patients had undergone a major
amputation. Among the 262 patients with CLI and tis-
sue loss, 110 patients (41.9%) had completely healed at
one year.

Table 3  Multivariate regression model for 1-year mortality.

HR (95% Cl) P

Age 1.02 (0.99—1.07) 0.22
Gender (men) 0.81 (0.35—1.85) 0.61
Body mass index 0.97 (0.89—1.06) 0.49
Non-institutionalized status  0.34 (0.12—0.92) 0.03
Mean blood pressure 0.94 (0.89—-0.99) 0.01

LVEF < 60% 0.71 (0.25—1.91) 0.51
Hemoglobin 1.07 (0.81—1.43) 0.65
BNP > 500 pg/mL 1.52 (0.40—6.03) 0.54

Albumin <33 g/L 3.14 (1.15-9.02) 0.03
Local procedure complication 2.87 (0.60—14.58) 0.19
Major cardiovascular events 6.96 (2.99—16.94) <0.001
Major limb amputation 0.06 (0.003—0.50) 0.03

Area under the curve: 0.87.
Predictors of mortality and cardiovascular events

In univariate analysis for mortality, age (P=0.001), body
mass index (P=0.028), gender (P=0.047), mean BP
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Table 4 Clinical and biological parameters in patients according to incident cardiovascular events.

Total population;

No cardiovascular Cardiovascular P

n=285 events; n=210 events; n=75
Clinical parameters
Age 77.8 (12.0) 77.0 (12.3) 80.0 (10.9) 0.047
BMI 24.5 (4.9) 24.8 (4.7) 23.6 (5.3) 0.117
Women (%) 128 (45%) 89 (42%) 39 (52%) 0.193
Baseline SBP 132 (18) 134 (18) 128 (19) 0.031
Baseline DBP 70 (8) 71 (8) 68 (8) 0.009
Baseline PP 62 (16) 63 (15) 60 (17) 0.242
Baseline MBP 91 (10) 92 (10) 88 (10) 0.005
Baseline HR 75 (12) 76 (11) 74 (13) 0.341
Diabetes (%) 137 (48.1%) 95 (45.2%) 42 (56.0%) 0.142
Hypertension (%) 222 (77.9%) 162 (77.1%) 60 (80.0%) 0.727
Ever smoker (%) 192 (67.4%) 144 (68.6%) 48 (64.0%) 0.561
Dialysis-dependency (%) 20 (7.2%) 14 (6.9%) 6 (8%) 0.956
History (%)
Ischemic stroke or TIA 48 (16.8%) 30 (14.3%) 18 (24.0%) 0.080
Coronary heart disease 112 (39.3%) 69 (32.9%) 43 (57.3%) <0.001
PAD revascularization® 90 (31.6%) 69 (32.9%) 21 (28.0%) 0.527
Left ventricular ejection fraction (%) 59.5 (12.8) 62.0 (10.9) 54.0 (15.0) <0.001
Institutionalized status (%) 57 (20.0%) 36 (17.1%) 21 (28.0%) 0.064
Biological parameters
Creatinine clairance (mL/mn) 71.0 (28.4) 73.3 (29.2) 64.8 (25.2) 0.022
Hemoglobin (g/dL) 11.2 (1.6) 11.3 (1.7) 10.9 (1.5) 0.042
Albumin (g/L) 32.9 (5.6) 33.4 (5.4) 31.6 (5.8) 0.062
C-reactive protein (mg/L) 59.9 (65.8) 55.8 (64.9) 70.1 (67.5) 0.144
Brain natriuretic peptide (pg/ml) 456 (675) 269 (336) 807 (958) <0.001
Hemodynamic parameters pre-procedure
Ankle—brachial index 0.59 (0.44) 0.59 (0.42) 0.59 (0.49) 0.984
Great toe LDF (mmHg) 25.6 (14.7) 25.2 (14.9) 26.6 (13.9) 0.500
Great toe LDF index 0.20 (0.11) 0.19 (0.11) 0.21 (0.11) 0.350
Hemodynamic parameters post-procedure
Ankle—brachial index 0.86 (0.29) 0.85 (0.29) 0.92 (0.30) 0.218
Great toe LDF (mmHg) 49.5 (18.1) 48.6 (17.5) 51.7 (19.5) 0.344
Great toe LDF index 0.39 (0.15) 0.38 (0.15) 0.42 (0.14) 0.201
Treatment at discharge
Statin (%) 251 (88.1%) 187 (89.0%) 64 (85.3%) 0.519
IRAS (%) 182 (63.9%) 137 (65.2%) 45 (60.0%) 0.503
Anticoagulant (%) 93 (32.9%) 61 (29.3%) 32 (42.7%) 0.049

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; MBP: mean blood pressure; HR:
heart rate; TIA: transient ischemic attack; PAD: peripheral arterial disease; LDF: great toe laser Doppler flowmetry; IRAS: inhibitors
of the renin-angiotensin system. Data are presented as mean (+ standard deviation) or number (%).

@ Ninety patients underwent more than one endovascular revascularization procedure for critical limb ischemia.

(P=0.001), left ventricular ejection fraction (P=0.001),
institutionalized status (P=0.002), hemoglobin level
(P=0.009), serum albumin level (P<0.001), brain natri-
uretic peptide (P=0.001) and MACE (P<0.001) were
correlated with mortality at one year (Tables 1 and 2).
In multivariate analysis, MACE (P<0.001), malnutrition
(P=0.03) and institutionalized status (P=0.03) were
positively associated with one-year mortality, whereas
mean BP (P=0.01) and major limb amputation (P=0.03)
were inversely correlated with mortality (Table 3). Fig. 1
illustrates the survival curves according to the occurrence
of MACE during the one-year follow-up.

In univariate analysis for the incidence of fatal and non-
fatal MACE, age (P=0.047), mean BP (P=0.005), history
of coronary heart disease (p <0.001), left ventricular ejec-
tion fraction (P<0.001), creatinine clearance (P=0.022),
hemoglobin level (P=0.042), brain natriuretic peptide
(P<0.001) and anticoagulant treatment (P=0.049) were
correlated with the incidence of MACE through the one-
year following revascularization (Table 4). In multivariate
analysis, decompensated heart failure (P=0.009), history
of coronary heart disease (P=0.004) and local procedure
complication (P=0.04) were positively associated with MACE
occurrence (Table 5).
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Table 5 Multivariate regression model for 1-year major
cardiovascular events.

HR (95% Cl) P

Age 1.02 (0.99—-1.06) 0.12
Mean blood pressure 0.99 (0.95—-1.03) 0.54

LVEF < 60% 1.05 (0.47—2.30) 0.90
eGFR 1.002 (0.99—1.02) 0.71
BNP > 500 pg/mL 3.89 (1.43—11.11) 0.009
Hemoglobin 0.87 (0.70—1.08)  0.21

Coronary heart disease 2.83 (1.41-5.78) 0.004
Local procedure complication 3.50 (1.05—12.32) 0.04
Anticoagulant treatment 1.78 (0.88—3.58) 0.11

Area under the curve: 0.78.

Discussion

The present study cohort included elderly patients with CLI,
with a subsequent high mortality rate of 26.7% during the
one-year follow-up following endovascular revascularization
procedure. Incident cardiovascular event, malnutrition and
institutionalized status were the major predictors of overall
mortality.

This high mortality rate (26.6%) is in line with
national and international literature data and confirms the
poor short-term prognosis of patients managed for CLI
[10,12—15]. As previously underlined, major cardiovascular
events frequently occurred in patients with CLI following
endovascular procedure [13]. Patients who experienced a
MACE during the follow-up had a significantly higher mortal-
ity rate than patients without incident MACE (HR 6.96, 95%
Cl 2.99—16.94), indicating that the mortality risk of an indi-
vidual patient increases almost 7 times from the moment
the adverse cardiovascular event occurs.

It is now well established that symptoms, severity, and
acuteness of PAD are major determinants of subsequent
risk of MACE and mortality. Independent of symptoms,
patients diagnosed with PAD are at an increased risk of
subsequent myocardial infarction and stroke, and are 6
times more likely to die within 10 years than those with-
out PAD [19,20]. In the multinational, prospective Reduction
of Atherothrombosis for Continued Health (REACH) registry,
among symptomatic individuals with established coronary
artery disease, cerebral vascular disease, or PAD, stable
patients with PAD had a numerically higher risk of vascu-
lar death, myocardial infarction, or stroke compared with
stable patients with coronary artery disease at 1 year and
at 3 years [12,21]. Patients with severe PAD requiring ampu-
tations are at even higher risk of mortality [22]. Similarly,
PAD patients requiring revascularization procedures are at
increased risk of cardiovascular complications, especially in
the first year following the procedure. Even among the less
invasive endovascular procedures and despite preoperative
cardiac evaluation, short-term cardiovascular complications
and mortality remain high in patients with CLI [13], as
underlined in the present results. These patients present a
significant underlying cardiac comorbidity (history of CHD
was present in 39% of the present patient population),
and decompensated heart failure was prevalent in the

peri-procedural period, in line with previously published
data [13].

With the advent of improved technology and widespread
accessibility, endovascular therapy is fast becoming the first-
line treatment. Catheter-based technologies have made it
possible to perform distal revascularizations to achieve tis-
sue perfusion in a multidisciplinary team approach. In the
same time, amputation’s rate appears to have drastically
reduced in the last decades [23]. However, major amputa-
tion rates are still considerable in revascularized patients
with CLI, of up to 12% during the first 6 months following
procedure [24]. In the present study, major amputation was
performed in 25 patients (8.8%) and was associated with
improved one-year survival. However, these data should be
interpreted with caution. Indeed, major amputation is a
severely debilitating procedure that is discussed only as a
last therapeutic option in the absence of feasible revascu-
larization and in patients with preserved general condition,
to ultimately relieve ischemic pain and prevent sepsis.
Amputated patient’s profile is therefore very different from
patients who do not undergo this procedure [11].

Furthermore, the multivariate analysis brings out malnu-
trition as a risk marker for one-year mortality in our cohort of
patients with CLI following revascularization. It is currently
established that malnutrition is associated with morbidity
and mortality risk after cardiovascular surgeries [25—27] and
more specifically in CLI patients following endovascular pro-
cedures [14,28]. Our results support the clinical usefulness
of serum albumin determination, as a marker of malnutri-
tion during patient’s hospital stay, as it may help to improve
overall survival.

In conclusion, despite technological and therapeutic
advances in revascularization procedures, CLI remains a
condition associated with a poor overall survival. Major car-
diovascular events frequently occurred in the year following
revascularization and are associated with an increased
mortality risk. Decompensated heart failure and coronary
heart disease are important contributors for the occur-
rence of MACE. Furthermore, in elderly patients with
CLI, these results should be taken into account during
the multidisciplinary team meeting before consideration
of revascularization procedure. In addition, malnutrition
appears as an important determinant for overall mortality
and it remains to demonstrate if perioperative nutritional
supplementation has the potential to ultimately improve
outcomes.
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