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Patency and Survival in Patients Undergoing Revascularization for Peripheral
Arterial Disease
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ABSTRACT

Aim: Peripheral arterial disease is a progressive, and chronic disease caused by atherosclerosis, and characterized by
narrowing, or occlusion of the arterial structures of the lower extremities, which can lead to high morbidity and mortality.
The aim of this study is to investigate the short and medium-term patency, and survival outcomes of different peripheral
arterial revascularization techniques.

Material and Methods: Patients undergoing revascularization for lower extremity arterial disease between January 2015
and August 2019 were retrospectively analyzed. Patients were divided into three groups according to the type of
revascularization: endovascular, surgical, or hybrid. Major amputation, occlusion, and death were the primary endpoints.
Expected primary patency and overall survival rates were estimated using Kaplan-Meier analyses.

Results: The study included 285 patients and 338 revascularization procedures. There was no difference in primary
outcome between treatment groups (p=0.080). Improvement in Rutherford category was observed in 57.1% of patients after
revascularization. There was no difference between the groups in terms of change in Rutherford category (p=0.230).
Expected primary patency rates were significantly lower in patients with chronic limb-threatening ischemia, and in patients
with chronic renal failure (respectively; p<0.001, p=0.02). There was no difference in expected primary patency between
the groups (p=0.069). Overall survival rates were lower in the presence of chronic limb-threatening ischemia, chronic renal
failure and atrial fibrillation (respectively; p=0.013, p=0.010, p<0.001).

Conclusion: In our study, chronic limb-threatening ischemia and renal failure were associated with worse survival and
lower primary patency rates. There was no difference in survival between revascularization groups. Atrial fibrillation was
associated with worse survival.

Keywords: Amputation; endovascular; peripheral arterial disease; revascularization.

Periferik Arter Hastalig1 Nedeniyle Revaskiilarizasyon islemi Yapilan Hastalarda

Aciklik ve Sagkalim
oz
Amag: Periferik arter hastaligi, aterosklerozun neden oldugu, yiiksek morbidite ve mortalite ile sonuglanabilen alt
ekstremite arteriyel yapilarinin daralmasi veya tikanmasi ile karakterize, ilerleyici ve kronik bir hastaliktir. Bu ¢alisma,
farkli periferik arteriyel revaskiilarizasyon tekniklerinin, kisa ve orta donem agiklik ve sagkalim sonuglariin arastirtlmasini
amaglamaktadir.
Gere¢ ve Yontemler: Calismada Ocak 2015 - Agustos 2019 tarihleri arasinda alt ekstremite arter hastaligt nedeniyle
revaskiilarizasyon islemi gerceklestirilen hastalar retrospektif olarak incelendi. Revaskiilarizasyon tipine gore hastalar,
endovaskiiler, cerrahi veya hibrid tedavi olmak iizere ii¢ gruba ayrildi. Majér amputasyon, okliizyon ve dliim primer
sonlanim noktalar1 olarak belirlendi. Beklenen primer aciklik ve genel sagkalim oranlari Kaplan-Meier analizleri
kullanilarak tahmin edildi.
Bulgular: Caligmaya 285 hastaya uygulanan 338 revaskiilarizasyon islemi dahil edilmistir. Tedavi gruplar1 arasinda primer
sonlanim gergeklesmesi agisindan fark saptanmamustir (p=0,080). Olgularin %57,1’inde revaskiilarizasyon sonrasi
Rutherford kategorisinde iyilesme gozlenmistir. Rutherford kategorisindeki degisim agisindan gruplar arasinda fark
bulunmamustir (p=0,230). Kronik ekstremite tehdit edici iskemi ile bagvuran hastalarda ve kronik bobrek yetmezligi olan
hastalarda beklenen primer agiklik oranlari anlamli olarak diisiik bulunmustur (sirasiyla; p<0,001, p=0,020). Gruplar
arasinda beklenen primer acgiklik agisindan fark saptanmamistir. (p=0,069). Kronik ekstremite tehdit edici iskemi, kronik

bobrek yetmezligi ve atriyal fibrilasyon varliginda genel sagkalim oranlar1 daha diigiik bulunmustur. (sirastyla; p=0,013,
p=0,010 ve p<0,001).
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Sonuc¢: Calismamizda, kronik ekstremite tehdit edici
iskemi ve bobrek yetmezligi daha kotii sagkalim ve diisiik
primer agik kalma oranlar1 ile iligkili bulundu.
Revaskiilarizasyon gruplar1 arasinda sagkalim agisindan
farklilik saptanmadi Atriyal fibrilasyon ise daha kotii
sagkalim beklentisi ile iligkiliydi.
Anahtar  Kelimeler:  Ampiitasyon;
periferik arter hastaligi; revaskiilarizasyon.

endovaskiiler;

INTRODUCTION

Peripheral arterial disease (PAD) is a disease of high
mortality and morbidity that develops in the setting of
atherosclerosis, a systemic disease, and is characterized by
narrowing or occlusion of arterial structures. PAD affects
more than 200 million people worldwide (1). Similar to
coronary artery disease, smoking, dyslipidemia, diabetes
mellitus, male sex, and hypertension play a role in its
etiology. PAD has a progressive course and a poor
prognosis due to underlying chronic diseases. Survival in
patients with peripheral arterial disease is worse than for
most cancers (2).

PAD affects the lower extremity more than the upper
extremity (3). Therefore, a significant proportion of
patients present with lower extremity arterial disease
(LEAD). While most patients are asymptomatic,
symptomatic patients typically complain of intermittent
claudication. In advanced stages of the disease, ulcers, or
gangrene may occur. The aim of treatment in patients with
LEAD is not only to relieve symptoms but also to protect
the extremity, and to provide secondary protection against
the risk of cardiovascular events (4).

Conservative and medical treatment, surgical treatment,
endovascular approaches, and increasingly, hybrid
procedures are the treatment options for LEAD. While
medical treatment is mainly aimed at reducing
cardiovascular risk, endovascular and surgical treatments
are mainly aimed at relieving symptoms and preserving
limb function. Therefore, it is important to target both
cardiovascular risk reduction, and extremity preservation
by combining different treatment strategies.

The aim of this study was to determine the expected short
and medium-term primary patency and survival outcomes
in patients undergoing different revascularization
procedures for LEAD.

MATERIAL AND METHODS

The study was approved by the Non-Interventional Ethics
Committee of Aydin Adnan Menderes University Faculty
of Medicine with the decision dated 23.01.2020, numbered
17 and protocol number 2020/07. The retrospectively
designed study included 285 patients with lower extremity
arterial disease who received at least one of the
endovascular, surgical or hybrid intervention options
between January 01, 2015 and August 01, 2019.

Patients with previous surgical treatment of lower
extremity arteries, trauma patients, patients with peripheral
arterial aneurysms, and patients with a history of

endovascular  aneurysm  repair  were  excluded.
Revascularization procedures were recorded
retrospectively from 31 December 2019 using

computerized records. Patients were divided into three
groups: surgical, endovascular, and hybrid. Demographic
groups (p=0.017), with the highest age in the surgical
group. There was also a significant difference in the

data, risk factors for peripheral arterial disease, and
medications used were obtained from archival records.
The Rutherford classification was used in the clinical
assessment of the patients' extremities, and the Rutherford
categories both before, and after the procedure were
recorded by analyzing the patient charts.

The medical status of the patients after the treatment, and
the condition of the treated extremity, and the intervention
site were recorded by analyzing the outpatient clinic
control records. The Rutherford categories of the patients
were recorded using data on walking distance, presence of
gangrene, or ulcer.

The primary endpoint was imaging-proven occlusion,
major amputation, or death at follow-up. The time from
revascularization to the primary endpoint was recorded,
and an estimate of primary patency was calculated.

Foot amputation, below-the-knee amputation, and above-
the-knee amputation were considered to be major
amputations. The presence of non-major amputation,
wound debridement, and procedural complications were
the other parameters recorded. Death information for the
285 patients included in the study was retrieved using the
hospital information management system, and the death
notification system.

Treatment Options

In our clinic, the European Society of Cardiology (ESC)
guidelines are used to determine the treatment option
(surgical/endovascular/hybrid), and the most appropriate
treatment protocol is determined by the surgical team on a
patient-specific basis. A minimum of 1 mL of intravenous
heparin (5000 units) is administered prior to all procedures
to achieve target ACT. Prophylactic antibiotics are
routinely given to patients prior to surgery. In our clinic,
the medical management of patients is organized
according to the ESC guidelines, and the patients'
concomitant vascular, and systemic diseases. All patients
are observed for at least one day, and are routinely
evaluated with hand Doppler after the procedure.
Statistical Analysis

Statistical analysis was performed using SPSS 26.0
software (SPSS Inc. Chicago, IL). The conformity of the
data to normal distribution was analyzed using the
Kolmogorov-Smirnov test. Parametric tests were preferred
in the analysis of the data conforming to normal
distribution. Descriptive statistics were presented as
numbers and percentages. Continuous variables were
expressed as mean and standard deviation. T-test,
ANOVA and Wilcoxon tests were used in the comparative
analysis of continuous variables. Chi-square test was used
in the analysis of categorical variables. Expected primary
patency and survival analyses were performed using the
Kaplan-Meier method. The statistical significance level
was accepted as p<0.05.

RESULTS

A total of 338 revascularization procedures, and outcomes
in 285 patients were analyzed. Of the 338 revascularization
procedures that met the inclusion criteria, 123 (36.4%)
were surgical, 204 (60.4%) were endovascular, and 11
(3.3%) were hybrid. The mean age was 65.17+10.89 years.
There was a statistically significant difference in mean age
between the treatment

presence of Chronic obstructive pulmonary disease
(COPD) and smoking between the groups (respectively;
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p=0.001, p=0.004). Demographic data and distribution of
comorbidities by group are shown in Table 1.

Table 1. Distribution of demographic data and comorbidities according to groups

Surgical Endovascular Hybrid p value
(n=123) (n=204) (n=11)
Age (mean =+ sd) 68.2+10.37 63.22 +£10.67 63.91 £7.68 0.010
Gender (n, %) 0.520
Male 110 89.4% 184 90.2% 11 100%
Female 13 10.6% 20 9.8% 0 0%
Coronary artery disease (n, %) 0.820
) 39 31.7% 90 44.22% 4 36.36%
) 84 68.3% 114 55.88% 63.64%
Carotid artery disease (n, %) 0.410
(+) 4 3.25% 12 5.88% 0 0%
) 119 96.75% 192 94.12% 11 100%
Hypertension (n, %) 0.250
(+) 99 80.49% 163 79.9% 11 100%
) 24 19.51% 41 20.1% 0 0%
Diabetes mellitus (n, %) 0.540
(+) 66 53.66% 119 58.33 45.45%
) 57 46.34% 85 41.67% 54.55%
Insulin use (n, %) 0.780
(+) 42 34.15% 63 30.88% 27.27%
) 81 65.85% 141 69.12% 72.73%
Chronic kidney failure (n, %) 0.700
) 13 10.57% 32 15.69% 1 9.09%
) 110 89.43% 172 84.31% 10 90.91%
COPD (n, %) 0.001
+) 15 12.2% 11 5.39% 4 36.36%
) 108 87.8% 193 94.61% 63.64%
Hyperlipidemia (n, %) 0.200
+) 45 36.59% 86 42.16% 18.18%
) 78 63.41% 118 57.84% 9 81.82%
Smoking (n, %) 0.004
+) 93 75.61% 128 62.75% 11  100%
©) 30 24.39% 76 37.25% 0 0%
Atrial fibrillation (n, %) 0.530
+) 12 9.76% 13 6.37% 1 9.09%
() 111 90.24% 191 93.63% 10 90.91%
COPD:Chronic obstructive pulmonary disease
A statistically significant difference between the groups  3.67+0.92) (p<0.001) (Table 3). In 57% of the

was found only in the use of pentoxifylline (p=0.005). The
distribution of medications used before revascularization
by group is shown in Table 2.

The mean Rutherford category values before
revascularization were significantly higher in the surgical
group (surgical: 4+0.95, endovascular: 3.48+0.85, hybrid:

revascularization procedures, there was an improvement in
the Rutherford category compared to the pre-procedure
period. There was no statistically significant difference in
Rutherford category improvement between the groups
(p=0.239) (Table 4).
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Table 2. Distribution of medications used before revascularization according to groups

Surgical Endovascular Hybrid

(n=123) (n=204) (n=11) p value
Acetylsalicylic acid n % n % n % 0.680
(+) 67 54.47% 117 57.35% 5  45.45%
) 56 45.53% 87 42.65% 6  54.55%
Clopidogrel 0.070
(+) 25 20.33% 59 28.92% 5  45.45%
) 98 79.67% 145 71.08% 6  54.55%
Dual antiaggregant 0.500
(+) 11 8.94% 21 10.29% 0 0%
) 112 91.06% 183 89.71% 11 100%
Cilostazol 0.058
(+) 44 35.77% 48 23.53% 3 72.73%
) 79 64.23% 156 76.47% 8 27.27T%
Pentoxifylline 0.005
(+) 14 11.38% 6 2.94% 0 0%
) 109  88.62% 198 97.06% 11 100%
Warfarin 0.215
(+) 2 1.63% 10 4.9% 1 90.91%
) 121 98.37% 194 95.1% 10 9.09%
DOACs 0.830
(+) 4 3.25% 6 2.94% 11 100%
() 119  96.75% 198 97.06% 0 0%

DOAC: Direct Oral Anticoagulants

Table 3. Preoperative and postoperative Rutherford categories of revascularization groups

Rutherford Category Surgical Endovascular Hybrid Total p value
Pre-procedure (mean+ss) 4+0.95 3.48+0.85 3.36+0.67 3.67+0.92 <0.001
Post-procedure (meanss) 2.94+1.73 2.71£1.52 2.64+1.28 2.8+1.59 0.761

Table 4. Improvement in rutherford category of revascularization groups

p* value
n % 0.239
Surgical (n=116) 71 61.2
Endovascular (n=174) 97 55.7
Hybrid (n=11) 4 36.4
Total (n=301) 172 57.1
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The mean Rutherford score before revascularization was
3.67+0.92. When this value was compared with the mean
Rutherford score after the procedure (2.8+1.59), the
improvement in Rutherford category was significant
(p<0.001) (Figure 1). When the pre-revascularization
period was evaluated in terms of chronic limb-threatening
ischemia (CLTI), there was a statistical difference between
the groups (p=0.0001), and the clinic of CLTI was 65.9%
in the surgical group.

Of the 310 revascularization procedures for which records
of occlusion, death and major amputation were available,
134 (43.2%) had a primary outcome in the post-
revascularization process. There was no statistically
significant difference between the groups in terms of
primary outcome (Table 5).

3.67:092

28+159

Mean Rutherford

P<0.001

T T
Rutherford (Pre) Rutherford (Post)

Figure 1. Comparison of mean rutherford score

Table 5. Reasons for primary outcome of 310 revascularization procedures with follow-up

Surgical (n=118) Endovascular (n=181) Hybrid (n=11) p value
Occlusion (n, %) 0.080
+) 26 22.03% 35  19.34% 0 0%
O] 92 T77.97% 146 80.66% 11 100%
Major amputation (n, %) 0.057
+) 9 7.63% 5 2.76% 0 0%
) 109 92.37% 176 97.24% 11 100%
Death (n, %) 0.179
+) 23 19.49% 34  18.78% 2 18.18%
) 95 80.51% 147 81.22% 9 81.82%
Primary patency (n, %) 0.086
+) 60 49.15% 107 59.12% 9 81.82%
(-) 58 50.85% 74 40.88% 2 18.18%

Table 6. The one-year and three-year primary patency expectations of revascularization groups

p value
Primary Patency
0.069
1. year 3. year
Total 72.4% 51.2%
Hybrid 90.9% 81.8%
Surgical 67.7% 45.4%
Endovascular 74.4% 52.8%

The expected 1-year and 3-year primary patency rates for
revascularization were 72.4% and 51.2%, respectively.
The one-year and three-year primary patency expectations
of revascularization groups were presented in the Table 6.

Saglik Bilimlerinde Deger 2024; 14(2): 215-223

Although both the one-year and three-year expected
primary patency rates were higher in the hybrid group,
there was no statistically significant difference between
the groups (p=0.069) (Figure 2).
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Figure 2. Graphical charts of expected primary patency
of revascularization groups

The one-year and three-year primary patency expectations
of chronic renal failure (CRF) and CLTI groups were
presented in the Table 7. The expected primary patency
rates in patients with CRF were significantly lower than in
patients without CRF (p=0.021) (Figure 3). The expected
primary patency rates in patients with CLTI were
significantly lower than in patients without CLTI
(p<0.001) (Figure 4).

Major amputation was performed in 20 of 338
revascularization procedures (surgical: 12, endovascular:
7, hybrid: 1). There was no statistically significant
difference between the revascularization groups in terms
of major amputation, and the primary outcome (p=0.057)
(Table 5).

Table 7. The primary patency expectations CRF and CLTI
groups.

Primary Patency

1. year 3. year
Chronic renal failure 58.7% 27.8%
Chronic limb-threatening ischemia  63.6% 36.2%

Survival Functions
p=0.02

1 ’ a
i c T
08 LI_L-A—L —
1 )} CRF-
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T At

58.7%
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1
1
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1

00
00 10,00 20,00 30,00 40,00 50,00 60,00

Time (months)

Figure 3. The expected primary patency rates in patients
with chronic renal failure
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Figure 4. The expected primary patency rates in patients
with chronic limb-threatening ischemia

Mortality was observed in 63 of the 285 patients in the
study. There was no statistical difference in mortality
between the revascularization groups (p=0.549). The
expected 1-year and 3-year rates for all revascularization
procedures were 88.6% and 73.1%, respectively. The one-
year and three-year survival expectations of
revascularization groups were presented in the Table 8.
The difference in 1- and 3-year survival between the
groups was not statistically significant (p=0.523) (Figure

5).
Table 8. The one-year and three-year survival
expectations of revascularization groups
p value
Survival
0.523
1. year 3. year
Total 88.6% 73.1%
Hybrid 90.9% 81.8%
Surgical 85.7% 70.5%
Endovascular 94.1% 74.3%
Survival Functions
p=0.523
T,
e T+ . - Hybrid,
o8 i N i&%—‘?—w{_
_____ PBEa |Endovaseutar
g 05| ' _ Surgical
a
E
S 04|

Time(Months)

Figure 5. Graphical charts of expected survival of
revascularization groups
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The one-year and three-year primary patency expectations
of CRF, CLTI and, AF groups were presented in the Table
9. Expected survival was significantly lower in patients
with chronic renal failure compared to patients without
chronic renal failure (p=0.01) (Figure 6). One-year and
three-year survival were significantly lower in patients
with pre-procedure CLTI compared to patients without
pre-procedure CLTI (p=0.013) (Figure 7). Expected
survival was significantly lower in patients with a history
of atrial fibrillation (AF) compared to patients without AF
(p<0.001) (Figure 8).

Table 9. The Survival Expectations of CRF, CLTI and, AF
groups

Survival

1. year 3.year

Chronic renal failure 83.4% 50.1%
Chronic limb-threatening ischemia 81.9% 67.8%
Atrial fibrillation 68.2% 40.7%
Survival Functions
ol £=0.01
Nt
os T -
834% T '+_++_ . CRF
o It
3 'ﬁo —H—HH——4CRF+
£ 50.1%
S 04

Time (Months)
Figure 6. The expected survival in patients with chronic
renal failure
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Figure 7. The expected survival in patients with chronic
limb-threatening ischemia
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Figure 8. The expected survival in patients with atrial
fibrillation

DISCUSSION

In our study, we analyzed the patency and survival
outcomes of 338 procedures of 285 different patients who
underwent revascularization procedures for LEAD. Age
was significantly higher in the surgical treatment group.
The rate of pre-procedural CLTI and the mean Rutherford
categories were similarly higher in the surgical group. It is
known that CLT1 is associated with advanced age (5). This
may explain the high mean age and high rate of
pentoxifylline use in the surgical group. On the other hand,
the fact that CLTI was found to be high in the surgical
group indicates that surgical treatment is our predominant
revascularization strategy in CLTI despite the fact that we
used all three techniques. The surgical treatment option in
the treatment of CLTI still maintains its place despite the
increase in the success of endovascular treatment (6).
Male gender, advanced age, smoking, diabetes mellitus,
hyperlipidemia and hypertension are known important risk
factors for LEAD (7). It is expected that smoking is more
prevalent in the hybrid and surgical groups, which

include more complex lesions, compared to the
endovascular group.

Clinical improvement was detected in more than half of all
revascularization procedures. This rate was similar to the
primary patency rate in the study. In the surgical group,
there was a difference between the primary patency rate
and improvement in the Rutherford category. This
suggests that patients may benefit clinically despite
radiologic occlusion. It was emphasized in the ESC 2012
guideline that long-term vessel patency is not mandatory
when aiming for permanent clinical improvement,
especially in the case of CLTI with lesions below the knee
(4).

In the study, the expected primary patency rate was found
to be significantly lower in patients with a clinic of CLTI.
The last stage of peripheral arterial disease, which is a
progressive disease, is CLTI and it progresses with high
amputation and mortality rates (8). Therefore, it is an
expected finding that primary patency is found to be lower
in patients with a clinic of CLTI.

Similarly, patients with CRF had poorer expected primary
patency results. In a study of 39441 patients who
underwent revascularization due to LEAD, the need for
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amputation, re-hospitalization within six months and the
risk of major cardiovascular events were found to be
higher in patients with CRF compared to those without
CRF (9). In a study of 6978 patients who underwent
revascularization with venous grafts for LEAD, severe
CRF was associated with early graft occlusion,
postoperative myocardial infarction and a higher rate of
reoperation (10). Considering the reported outcomes of
lower extremity arterial patients with CRF in the literature,
our lower primary patency rates in patients with CRF are
expected.

In our study in which there was no significant difference
between revascularization groups in terms of survival, the
subgroups of CLTI, CRF and AF had poor survival results.
In a study evaluating patients who presented with the clinic
of CLTI and underwent endovascular treatment, one-year
expected survival was reported to be 80% (11). In another
study in which 187 patients with CLTI clinic were
followed up after endovascular treatment, one-year and
three-year expected survival rates were reported as 86%
and 79%, respectively (12). When the rates reported in the
literature are analyzed, the survival rates found in patients
presenting with a clinic of CLT1 are similar to the expected
survival rates found in our study and are lower than those
without a clinic of CLTI.

It is known that the association of CRF and LEAD
significantly increases the risk of mortality (13). In a study
in which patients who underwent infra-inguinal bypass
operation due to the clinic of CLTI were analyzed, one-
year and three-year survival rates were reported as 79.6%
and 57.9% for patients with CRF, respectively (14). The
expected survival rates we found for CRF in our study are
also low like the rates reported in the literature.

The other subgroup with poor survival outcomes is Atrial
Fibrillation. The low survival rates we found in patients
with atrial fibrillation are worse than the survival rates of
patients with CRF, which is known to be characterized by
high mortality and morbidity. In a recently published
study, a high association between AF and major cardiac
events and mortality was demonstrated (15). In the study,
the likelihood of major cardiac events in patients with
newly diagnosed AF was found to be 8.45 times higher
than in the healthy population (15). In a subgroup analysis
from the registry of the REACH study (16), a significant
increase in the risk of cardiovascular death was found in
the association of AF and PAH. In our study, the low
expected survival rates in patients with AF are consistent
with the high mortality expectation in the association of
AF and LEAD in the current literature.

CONCLUSION

The primary patency rates and survival rates found in the
study indicate that all revascularization options were
successfully applied in our center. Patients with CLTI had
poor outcomes in terms of both primary patency and
survival. Early recognition and treatment of CLTI, an
advanced form of LEAD, will improve outcomes.
Similarly, we believe that individualized treatment in the
presence of AF and CRF, which are associated with poor
outcomes, may contribute to improving outcomes.
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