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ABSTRACT

Background and Aims: Diabetes mellitus associates with poor outcomes in chronic limb
threatening ischemia but data on different hypoglycemic regimens and outcomes are
lacking. We analyzed insulin-treated diabetes mellitus, non-insulin-treated diabetes
mellitus, and patients without diabetes mellitus.

Materials and Methods: All patients with peripheral artery disease and/or diabetes
mellitus and infrapopliteal revascularization in the Department of Vascular Surgery,
Turku University Hospital during 2007-2015 were included. Tibial atherosclerosis was
categorized into crural index classes of I-IV.

Results: Of the 497 patients, 180 were insulin-treated diabetes mellitus, 94 non-insulin-
treated diabetes mellitus, and 223 patients without diabetes mellitus groups (diabetes
mellitus 55.1%). Insulin-treated diabetes mellitus was the mostill, youngest (insulin-treated
diabetes mellitus—median: 72.4, interquartile range: 64.0-79.5 versus non-insulin-treated
diabetes mellitus—76.0, interquartile range: 67.9-83.6 versus patients without diabetes
mellitus—77.3, interquartile range: 68.5-83.7, p <0.001), had the highest body mass index
(insulin-treated diabetes mellitus—median: 27.7, interquartile range: 24.0-31.8 versus
non-insulin-treated diabetes mellitus—26.3, interquartile range: 23.2-30.3 versus patients
without diabetes mellitus—23.9, interquartile range: 21.5-26.9, p <0.001), and Charlson
comorbidity index (insulin-treated diabetes mellitus—65.6% versus non-insulin-treated
diabetes mellitus—46.8% versus patients without diabetes mellitus—10.8%, p <0.001).
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After endovascular revascularization, limb salvage was poorer for insulin-treated diabetes
mellitus (p=0.046) and non-insulin-treated diabetes mellitus groups (p=0.011) compared
to surgery, but not for patients without diabetes mellitus (p=0.15). Patients with crural
index IV in insulin-treated diabetes mellitus (p=0.001) and non-insulin-treated diabetes
mellitus (p=0.013) had higher mortality after revascularization. Crural index IV was a risk
factor for limb loss (hazard ratio: 1.37, 95% confidence interval: 1.08-1.74, p=0.008).

Conclusion: Limb salvage after bypass is better for insulin and non-insulin diabetics,
compared to the endovascular approach. Extensive tibial atherosclerosis is an independent
risk factor for limb loss. It associates with increased mortality in both insulin and non-
insulin diabetics.

Key words: Peripheral artery disease; chronic limb threatening ischemia; diabetes mellitus; revascularization;

endovascular; open surgery bypass; amputation; tibial atherosclerosis; crural index; risk factor

INTRODUCTION

Peripheral artery disease (PAD) is an atherosclerotic
occlusive disease of the arteries that affects patients
worldwide (1-3). In the future, the prevalence of PAD
will likely increase due to aging populations (1, 2, 4).
Diabetes mellitus (DM) is a major risk factor for PAD
(1, 5). The severity and duration of the DM are also
related to PAD (1, 5). DM has a strong association with
infrapopliteal PAD (1). Chronic limb threatening
ischemia (CLTI), the most advanced form of lower
extremity PAD, raises a risk of limb amputation and
for the diabetics, the risk for limb loss is even higher
(3). To avoid amputation, a revascularization proce-
dure is generally considered (6).

A revascularization of the tibial vessels can be per-
formed either as an open surgery bypass or an endo-
vascular intervention (3, 6). Surgical bypass has been
the traditional gold standard and is most commonly
performed using the saphenous vein as a conduit (3).
Surgical bypass has been linked to greater morbidity
and mortality, but better durability compared to the
endovascular technique (6). Due to innovations in
technology over the past decades and the improved
skills of the operating surgeons, endovascular therapy
has become increasingly popular for patients with
infrapopliteal PAD (6, 7). However, when comparing
amputation-free survival (AFS) and overall survival
(OS) between the two treatments, a lack of sufficient
data hinders the comparison of one technique over the
other, especially among diabetics (6, 8). The informa-
tion concerning outcomes in patients with different
hypoglycemic regimens remain limited.

In the previous literature, atherosclerosis of the tib-
ial vessels has not only been linked to diabetes but
also linked to particularly poor AFS and OS (9, 10).
Several different classification systems for lower
extremity PAD have been created, but none of them
have been able to prognosticate the survival of infrap-
opliteal PAD patients (9). The crural index (CIx) has
been recently characterized to grade the extent of tib-
ial vessel atherosclerosis, and it has been demon-
strated to correlate with OS, AFS, and outcome after
thrombolysis (9-11).

The aim of this study was to evaluate AFS and OS
after infrapopliteal endovascular and open surgery

revascularization in patients with insulin-treated DM
(IT-DM), non-insulin-treated DM (NIT-DM) and
patients without DM (non-DM). Special emphasis was
placed on investigating whether AFS or OS was
affected by the severity of the tibial atherosclerosis.

MATERIALS AND METHODS
STUDY DESIGN

This was a single-center retrospective and population-
based study of 497 CLTI patients and 552 limbs with
infrapopliteal revascularizations performed between
1 January 2007 and 31 December 2015 in the
Department of Vascular Surgery of Turku University
Hospital. The study protocol was approved by the
local Ethics Committee of the Hospital District of
South-West Finland. Due to the retrospective nature of
the study, patients” written informed consent was not
required.

DATA PROCESSING

The data search was performed using data obtained
from the electronic operations database. The inclusion
criteria for the study were diagnoses of PAD and/or
diabetes according to the International Statistical
Classification of Diseases and Related Health Problems
classification system (ICD-10, 170.2, E10.x, or E11.x)
and infrapopliteal revascularization during the study
period. Infrapopliteal revascularizations were per-
formed only on limbs presenting chronic limb ischemia
according to TACS II and Rutherford classification
classes 4-6 (12, 13). The selection on open surgery or
endovascular revascularization depended on vascular
specialist treating the patient. There were no exclusion
criteria regarding patients’ prior medical history.
Patients entered the study at the time of the primary
infrapopliteal revascularization.

CIX

Prior to revascularization, the distribution and sever-
ity of the disease were assessed by computed tomog-
raphy (CT), digital subtraction angiography (DSA), or
magnetic resonance angiography (MRA). According
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to the imaging, the tibial atherosclerosis of each patient
was classified into CIx classes I-IV. If both limbs of the
patient were operated, they were uniquely and sepa-
rately analyzed.

The assessment of the CIx has been primary
described in a study written by Jalkanen et al. In order
to obtain CIx, each of the three crural vessels were
analyzed individually. Only total occlusion was ana-
lyzed and each vessel was coded by the state of ather-
osclerosis: No detectable or minor disease: 0; total
occlusion less than 5cm: 1; total occlusion less than
15cm: 3; and total occlusion more than 15cm: 4. The
CIx was then assessed by a sum of these three crural
vessels: if the sum was 0, the CIx was 0; if the sum was
1-3, the CIx was I; if the sum was 4-6, the CIx was II;
if the sum was 7-9, the CIx was III; and if the sum was
10-12, the CIx was IV. Operated limbs were divided
into subgroups by the presence of DM and ClIx to com-
pare CIx. Limbs with CIx I-III were grouped together
due to their low number (9).

REVASCULARIZATIONS AND AMPUTATIONS

The data concerning revascularizations and amputa-
tions were collected from the electronic operations
database. A revascularization of the tibial vessels was
performed either as an endovascular intervention or
as an open surgery bypass. The treatment strategy
was based on the vascular status and overall condition
of the patient. Endovascular procedures were pre-
dominantly performed as percutaneous transluminal
angioplasty (PTA). A stent was implanted only in the
case of a dissection. Open surgery procedures were
performed with bypass of the femoral or popliteal
arteries to the tibial or pedal arteries. Amputations
were either trans-femoral or trans-tibial and only ipsi-
lateral amputations were counted in for the survival
analysis of the limb. The information concerning
minor amputations (trans-pedal or toe amputations)
were collected, but they were not counted as an end-
point in the survival analysis.

FOLLOW-UP

The follow-up data (survival time) were collected
until either all-cause death of the patient or the end of
the study period occurred. 31 December 2015 was con-
sidered the endpoint of this study. Information con-
cerning the death of the participant was collected from
the Finnish national death index database. For AFS,
the endpoint was either major ipsilateral limb ampu-
tation or death and for OS, the clinical endpoint was
all-cause mortality of the patient.

THE DEMOGRAPHIC INFORMATION AND
COMORBIDITIES

The baseline data about age, sex, weight, height,
medication, and comorbidities were retrieved from
electronic patient records. Only ICD-10 coded comor-
bidities were eligible for analysis. Cardiovascular
comorbidities were collected as follows: coronary
artery disease (120.x), myocardial infarct (I121.x), heart
failure (I50.x), hypertension (I110.x), atrial fibrillation

(I48.x), and dyslipidemia (E78.x). The diagnosis of
DM was defined as the use of insulin or other hypo-
glycemic-inducing agents. The diagnosis of chronic
kidney failure was defined as glomerular filtration
rate (GFR) less than 45mL/min/1.73m?2 The
Charlson comorbidity index (CCI) was used to assess
each patient (14).

STATISTICAL ANALYSES

Statistic software R version 4.0.2 (R Foundation for
Statistical Computing, Vienna, Austria) was used for
the data processing and for statistical analyses (15).
Shapiro-Wilk test was used to test the normality. For
the characteristics of the cohort, categorical variables
were assessed by the Fisher’s exact test and the con-
tinuous variables by the Kruskal-Wallis test. As for
the categorical variables, frequency and percentage
were used to describe data and for the continuous
data, characteristics were expressed as median and
interquartile range (IQR). The Mann-Kendall trend
test was used to demonstrate the possible revasculari-
zations trends. The Kaplan—Meier and Log-rank statis-
tics were used for the survival analyses and median
survival time. IQR and 95% confidence interval (CI)
were calculated according to Brookmeyer and Crowley
(16). For the analyses of the possible risk factors, an
age-adjusted Cox regression model was assessed.
Only the statistically significant risk factors (p <0.20)
in univariate analyses were forced into the multivari-
ate regression analysis. When performing the analyses
by “R,” the following packages were used: “rms” (17),
“survival” (18), “comorbidity” (19), “Kendall” (20),
“readxl” (21), “openxlsx” (22), and “prodlim” (23).
The statistical significance threshold was set at 0.05.

RESULTS
GROUP COMPOSITION

Patients were categorized into three main groups:
IT-DM group, NIT-DM group, and non-DM group.
The IT-DM group comprised 180 patients, NIT-DM
comprised 94 patients, and non-DM group comprised
223 patients.

CHARACTERISTICS

Demographic characteristics of IT-DM, NIT-DM, and
non-DM groups are presented in Table 1. The total
number of the study population was 497 of which
diabetics comprised 55.1%. The information concern-
ing height and weight at the time of revasculariza-
tion was available for 292 patients (58.8%) and body
mass index (BMI) was calculated. In IT-DM patients,
BMI was higher on average compared to NIT-DM
and non-DM (IT-DM—median: 27.7, IQR: 24.0-31.8
versus NIT-DM—26.3, IQR: 23.2-30.3 versus non-
DM—23.9, IQR: 21.5-26.9, p <0.001)

The IT-DM group had higher prevalence of the fol-
lowing cardiovascular comorbidities: coronary artery
disease (IT-DM 27.2% versus NIT-DM 21.3% versus
non-DM 16.6%, p=0.035), myocardial infarction (IT-
DM 35.0% versus NIT-DM 30.9% versus non-DM
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TABLE 1
Demographics and diagnosed conditions of 497 patients who underwent infrapopliteal revascularization for CLTI in Turku University Hospital during
2007-2015.
Comorbidities Group IT-DM NIT-DM Non-DM All 4
N (%, IQR) N (%, IQR) N (%, IQR)
N 180 94 223 497
Number of males 128 (71.1) 58 (61.7) 127 (57.0) 313 0.013
BMI 27.7 (24.0-31.8) 26.3 (23.2-30.3) 23.9 (21.5-26.9) 25.4 (22.3-29.4) <0.001
Coronary artery disease 49 (27.2) 20 (21.3) 37 (16.6) 106 0.035
Myocardial infarction 63 (35.0) 29 (30.9) 46 (20.6) 138 0.004
Heart failure 86 (47.8) 42 (44.7) 72 (32.3) 200 0.004
Hypertension 136 (75.6) 74 (78.7) 147 (65.9) 357 0.026
Dyslipidemia 81 (45.0) 30 (32.9) 69 (30.9) 180 0.009
Atrial fibrillation 61 (33.9) 36 (38.2) 93 (41.7) 190 0.276
Chronic kidney failure 31(17.2) 9(9.6) 11 (4.9) 51 <0.001
CCI 1-2 11 (6.1) 5(5.3) 112 (50.2) 128 <0.001
34 51 (28.3) 45 (47.9) 87 (39.0) 183 0.004
=5 118 (65.6) 44 (46.8) 24 (10.8) 186 <0.001
Medication ACE inhibitor 75 (41.7) 44 (46.8) 69 (30.9) 188 0.012
Statin 121 (67.2) 61 (64.9) 131 (58.7) 313 0.197
CIx Number of limbs 203 103 246 552
I 25 (12.3) 9(8.7) 15 (6.1) 49 0.070
I 48 (23.6) 26 (25.2) 66 (26.8) 140 0.742
I 66 (32.5) 30(29.1) 69 (28.0) 165 0.579
v 64 (31.5) 37(35.9) 94 (38.2) 195 0.334

DM: diabetes mellitus; IT-DM: insulin-treated diabetics; NIT-DM: non-insulin-treated diabetics; non-DM: patients without DM; N:
number; IQR: interquartile range; BMI: body mass index; ACE inhibitor: angiotensin-converting enzyme inhibitors; CCI: Charlson

comorbidity index; CIx: crural index.

20.6%, p=0.004), heart failure (IT-DM 47.8% versus
NIT-DM 44.7% versus non-DM 32.3%, p=0.004), dys-
lipidemia (IT-DM 45.0% versus NIT-DM 32.9% versus
non-DM 30.9%, p=0.009), and chronic kidney failure
(IT-DM 17.2% versus NIT-DM 9.6% versus non-DM
4.9%, p<0.001) than NIT-DM and non-DM. In CCI
comparison, the score for diabetics was higher on
average: a score of =5 was the most common in IT-DM
(IT-DM 65.6% versus NIT-DM 46.8% versus non-DM
10.8, p<0.001). ACE inhibitors were used most com-
monly in NIT-DM compared to IT-DM and non-DM
(IT-DM 41.7% versus NIT-DM 46.8% versus non-DM
30.9%, p=0.012).

CIX

In Table 1, the CIx distribution of the cohort is pre-
sented. Before revascularization, CIx was assessed for
549 limbs. For a total of three limbs, CIx was not calcu-
latable. Prior to revascularization, the following scan-
ning procedures were performed: DSA was performed
for 487 (88.2%), CT for 60 (10.8%), and MRA for 2
(0.4%) limbs. In the CIx distribution comparison, the
disease severity did not differ between the groups.

REVASCULARIZATIONS

A revascularization was performed for 552 limbs.
Unilateral revascularizations were performed for 441
(79.9%) and bilateral for 111 limbs (20.1%). The chosen
revascularization method was endovascular for 231
(41.8%) and surgical for 321 (58.1%) limbs. Most of the
primary endovascular revascularizations, a total of
208, were performed with PTA (90.0%). A drug-coated

balloon was placed in 17 (7.4%) and stent in 6 (2.3%)
cases. Of surgical revascularizations, 295 (91.9%) were
performed with venous conduit and 26 (8.1%) with
prosthetic material.

Both IT-DM and NIT-DM groups were more likely
to receive endovascular treatment than non-DM (IT-
DM 56.2% versus NIT-DM 39.8% versus non-DM 30.9,
p<0.001), whereas open bypass procedure was pre-
dominantly performed for non-diabetics (IT-DM
43.8% versus NIT-DM 60.2% versus non-DM 69.1%,
p <<0.001). IT-DM patients were younger at the time of
primary revascularization than their NIT-DM and
non-DM counterparts (IT-DM—median: 72.4, IQR:
64.0-79.5 versus NIT-DM—76.0, IQR: 67.9-83.6 versus
non-DM—77.3, IQR: 68.5-83.7, p <0.001).

Of 552 limbs, 143 were repetitively revascularized
(25.9%). Secondary endovascular revascularization
was performed for 62 limbs (IT-DM 11.8% versus
NIT-DM 5.8% versus non-DM13.0%, p=0.144) and
secondary bypass for 62 limbs (IT-DM 12.8% versus
NIT-DM 8.7% versus non-DM 11.0%, p=0.559). A total
of 97 limbs underwent only one repetitive revasculari-
zation (IT-DM 18.2% versus NIT-DM 13.6% versus
non-DM 18.7%, p=0.496), whereas 41 limbs were
treated with additional two to three revascularizations
(IT-DM 7.4% versus NIT-DM 4.9% versus non-DM
8.5%, p=0.489). More than three secondary revascu-
larizations were performed for five limbs (IT-DM 0.5%
versus NIT-DM 1.0% versus non-DM 1.2%, p=0.719).

AMPUTATIONS

A total of 194 major amputations were performed dur-
ing the study period and they were predominantly
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performed for IT-DM, that is, for IT-DM 91, NIT-DM
34, and non-DM 69 amputations (IT-DM 46.9% versus
NIT-DM 17.5% versus non-DM 35.6%, p<0.001).
IT-DM patients were the youngest at the time of major
amputation (IT-DM—74.0, IQR: 66.7-81.7 versus
NIT-DM—82.5, IQR: 74.2-88.0 versus non-DM—=81.6,
IQR: 73.6-88.1, p <0.001). A total of 399 minor ampu-
tations were performed and of these, 155 were for
IT-DM, 73 for NIT-DM, and 171 for non-DM (IT-DM
38.8% versus NIT-DM 18.3% versus non-DM 42.9%
p=0.259).

REVASCULARIZATION TREATMENTS 2007-2015

There was an increasing trend in the total amount of
endovascular procedures (p=0.005), as shown in
Fig. 1. A similar increase in endovascular procedures
was seen in the non-DM (p=0.036) group. IT-DM
and NIT-DM groups were combined as a DM group.
The number of endovascular (p=0.096) and bypass
procedures (p=0.142) in the DM group remained
stable during the follow-up. The median for the total
revascularization treatments performed per year
was 127 (IQR: 117-156), of which 80 (IQR: 77-110)
was for endovascular and 43 (IQR: 38-56) was for
open bypasses.

SURVIVAL ANALYSIS

The median follow-up was 25.0months (IQR: 10.0-
52.8, min 0, max 114) for IT-DM, 17.5months (IQR:
6.0-40.0, min 0, max 106) for the NIT-DM group, and
23.0months (IQR: 9.0-49.0, min 0, max 106) for the
non-DM group. The overall 23.0months (IQR: 9.0-
48.0, min 0, max 114) was the median survival for the
whole population. Baseline characteristics for IT-DM,
NIT-DM, and non-DM groups and the chosen revas-
cularization method are presented in Appendix I of
Supplemental material. The corresponding informa-
tion of IT-DM, NIT-DM, and non-DM groups for the
severity of Clx score is presented in Appendix II of
Supplemental material.

Between bypass and endovascular revasculariza-
tions, median estimated survival in months, IQR, con-
fidence interval, and p-values for IT-DM, NIT-DM,
and non-DM are presented in Table 2. Since the sur-
vival curve did not drop to or below 0.5 for all groups
under comparison, the values of median, first, and
third quartiles were not available (NA).

AFS was poorer after endovascular revasculariza-
tion for IT-DM compared to surgical bypass (median
bypass 64.7, IQR: 6.8-NA versus endovascular 22.0,
IQR: 6.1-NA, p=0.046). A similar difference between
revascularization methods was detected for NIT-DM
(median bypass NA, IQR: 9.6-NA versus endovascu-
lar 19.2, IQR: 1.4-NA, p=0.011) and but not in non-
DM (median bypass 90.5, IQR: 9.2-NA versus
endovascular 30.9, IQR: 6.5-NA p=0.15). No differ-
ences in OS were found between the procedures for
the IT-DM group (median bypass 90.4, IQR: 17.6-NA
versus endovascular NA, IQR: 21.6-NA, p=0.708),
NIT-DM group (median bypass NA, IQR: 28.6-NA
versus endovascular NA, IQR: 30.8-NA, p=0.096) and
non-DM group (median bypass NA, IQR: 24.2-NA
versus endovascular 64.7, IQR: 19.2-NA, p=0.654).

A Number of bypass procedures in 2007-2015

Groups
— All(p=0.175)
DM (p=0.142} g
—— Non-DM{ p=0.083)

Number of procedures N}
w0 w20 1
20

wor w209

8
"

B Number of endovascular procedures in 2007-2015

Groups
— Al(p-0005)
g —— DM (p=0083) §
— Non-DM (p=0.036)

Number of procedures (N)
B 00 1 160

2007 2008 2008 200 201 2012 2013 202 2015
Year

C Combined number of endovascular and bypass procedures in 2007-2015

Groups
— All{p=0.059)
DM (p=0.073 )
—— Non-DM (p=0.076

Fig. 1. Comparisons of infrapopliteal revascularization treatments
from 1 January 2007 to 31 December 2015 in the Department

of Vascular Surgery of Turku University Hospital. (A) Bypass
procedures. (B) Endovascular procedures. (C) Total number of
revascularization procedures.

A comparison between CIx I-III and CIx IV is
shown in Table 3 and median estimated survival in
months, IQR, confidence interval, and p-values are
presented. Among NIT-DM (median CIx I-III: NA,
IQR: 52-NA versus CIx IV: 12.1, IQR: 2.9-NA,
p=0.013) and non-DM (median CIx I-III: NA, IQR:
16.6-NA versus CIx IV: 30.9, IQR: 3.7-NA, p=0.02),
AFS was significantly lower than in patients with
severe atherosclerosis. In IT-DM, the stage of tibial
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TABLE 2

The median estimated survival of 497 CLTI patients who underwent surgical and endovascular infrapopliteal revascularization in Turku University
Hospital during 2007-2015.

IT-DM Group Bypass Endovascular [4

AFS Median estimated survival (IQR) 64.7 (6.8-NA) 22.0 (6.1-NA) 0.046
95% CI for median 32.6-NA 13.0-46.4

oS Median estimated survival (IQR) 90.4 (17.6-NA) NA (21.6-NA) 0.708
95% CI for median 51.9-NA 62.0-NA

NIT-DM Group Bypass Endovascular [4

AFS Median estimated survival (IQR) NA (9.6-NA) 19.2 (1.4-NA) 0.011
95% CI for median 48.2-NA 5.3-82.0

(O8] Median estimated survival (IQR) NA (28.6-NA) NA (30.8-NA) 0.096
95% CI for median NA-NA NA-NA

Non-DM Group Bypass Endovascular [4

AFS Median estimated survival (IQR) 90.5 (9.2-NA) 30.9 (6.5-NA) 0.15
95% CI for median 51.4-NA 15.7-NA

(O8] Median estimated survival (IQR) NA (24.2-NA) 64.7 (19.2-NA) 0.654
95% CI for median 93.2-NA 30.5-NA

DM: diabetes mellitus; IT-DM: insulin-treated diabetics; NIT-DM: non-insulin-treated diabetics; non-DM: patients without DM; AFS:
amputation-free survival; OS: overall survival; IQR: interquartile range; SE: standard error; CI: confidence interval; NA: not available.

TABLE 3
The median estimated survival of CLTI patients by the severity of infrapopliteal atherosclerosis.

IT-DM Group CIx I-I CIx IV [4

AFS Median estimated survival (IQR) 48.4 (6.8-NA) 20.8 (3.6-NA) 0.114
95% CI for median 20.7-82.6 12.3-43.8

oS Median estimated survival (IQR) NA (32.6-NA) 424 (7.2-NA) 0.001
95% CI for median 89.4-NA 21.7-90.4

NIT-DM Group CIx I-1I CIx IV [4

AFS Median estimated survival (IQR) NA (5.2-NA) 12.1 (2.9-NA) 0.013
95% CI for median 48.2-NA 8.2-70

oS Median estimated survival (IQR) NA (47.6-NA) 35.9 (10.7-NA) 0.013
95% CI for median NA-NA 18.7-NA

Non-DM Group CIx I-1I CIx IV 4

AFS Median estimated survival (IQR) NA (16.6-NA) 30.9 (3.7-NA) 0.02
95% CI for median 64.1-NA 10.8-NA

(O8] Median estimated survival (IQR) NA (30.8-NA) NA (28.6-NA) 0.626
95% CI for median NA-NA 90.5-NA

DM: diabetes mellitus; IT-DM: insulin-treated diabetics; NIT-DM: non-insulin-treated diabetics; non-DM: patients without DM; Clx:
crural index; AFS: amputation-free survival; OS: overall survival; SE: standard error; CI: confidence interval; NA: not available.
Patients were treated with infrapopliteal revascularization in Turku University Hospital during 2007-2015.

atherosclerosis did not affect limb salvage (median
bypass 48.4, IQR: 6.8-NA versus endovascular 20.8,
IQR: 3.6-NA, p=0.114). In diabetics, both IT-DM
(median bypass NA, IQR: 32.6-NA versus endovascu-
lar 42.4, IQR: 7.2-NA, p=0.001) and NIT-DM (median
bypass NA, IQR: 47.6-NA versus endovascular 35.9,
IQR: 10.7-NA, p=0.013), OS was poorer with severe
tibial atherosclerosis where no such significance was
seen in non-DM (median bypass NA, IQR: 30.8-NA
versus endovascular NA, IQR: 28.6-NA, p=0.626).

Kaplan-Meier survival curves for AFS and OS in
respect of groups IT-DM, NIT-DM, and non-DM
between bypass and endovascular revascularization
and CIx I-III and CIx IV are presented in Figs 2 to 4.

RISK FACTORS AND SURVIVAL

The OS was 81.3% at 1year and 61.0% at 3years and
correspondingly for DM, 79.4% and 59.6% and for
non-DM, 83.7% and 62.7%. For risk factor analysis,
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Fig. 2. Survival analyses of IT-DM. (A) AFS between bypass versus endovascular revascularization. (B) OS between bypass versus
endovascular revascularization. (C) AFS between CIx I-III versus CIx IV. (D) OS between CIx I-III versus CIx IV.
IT-DM: insulin-treated diabetics; AFS: amputation-free survival; OS: overall survival; CIx: crural index.

both IT-DM and NIT-DM groups were grouped
together under the diagnosis of DM. According to the
age-adjusted Cox regression multivariate analysis
(Table 4), lower AFS was associated with advanced
age (hazard ratio (HR): 1.04 per year, 95% CI: 1.02-
1.05, p<0.001), myocardial infarction (HR: 1.37, 95%
CI: 1.04-1.81, p=0.024), heart failure (HR: 1.33, 95% CI:
1.02-1.74, p=0.037), and CIx IV (HR: 1.37, 95% CI:
1.08-1.74, p=0.008). Better limb salvage was associ-
ated with the presence of dyslipidemia (HR: 0.63, 95%
CI: 0.48-0.81, p<0.001).

Poor survival in OS analysis was associated with
advanced age (HR: 1.04 per year, 95% CI: 1.03-1.06,
p<0.001), DM (HR: 1.39, 95% CI: 1.01-1.90, p=0.043),
myocardial infarction (HR: 1.39, 95% CI: 1.02-1.89,
p=0.039), and heart failure (HR: 1.60, 95% CI: 1.17-
2.18, p=0.003). Dyslipidemia was associated with a
better outcome (HR: 0.68, 95% CI: 0.51-0.90, p=0.008).

DISCUSSION

This study of 497 CLTI patients suggested that endo-
vascular treatment was associated with worse limb
salvage compared to surgical bypass for both insulin-
and non-insulin-treated diabetic groups but not for

patients without DM. Insulin users were the most ill of
the study cohort: they were predominantly treated
with endovascular revascularizations and they also
underwent more amputations than non-insulin dia-
betics and non-diabetics. Extensive tibial atherosclero-
sis was an independent risk factor for limb loss and in
both insulin- and non-insulin-treated diabetics, it was
associated with increased mortality.

When choosing the appropriate revascularization
strategy for CLTI patients, eligible evidence remains
scarce. However, endovascular therapy has been
increasingly popular and among many specialists, it
has become the preferential option compared to tradi-
tional surgery (6, 7). This finding in our data is also
supported by earlier reviews (6, 7). Up to this date, the
bypass versus angioplasty in severe ischemia of the
leg (BASIL) remains the only study that has compared
the outcome of infrainguinal bypass and balloon angi-
oplasty in patients with severe limb ischemia (24). A
post hoc analysis found similar outcomes for AFS and
OS in 30day postoperative period but after 2years,
surgery was linked to significantly better results (24,
25). Although BASIL provided valuable information,
it did not focus, particularly, on diabetics. This implies
that studies that concentrate solely on diabetics are
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Fig. 3. Survival analyses of NIT-DM. (A) AFS between bypass versus endovascular revascularization. (B) OS between bypass versus
endovascular revascularization. (C) AFS between CIx I-III versus CIx IV. (D) OS between CIx I-III versus CIx IV.
NIT-DM: non-insulin-treated diabetics; AFS: amputation-free survival; OS: overall survival; CIx: crural index.

lacking, especially with the combination of diabetes
and CLTL

INSULIN AND ORAL-MEDICATED DIABETICS

Vascular disease is usually more severe and aggressive
in diabetics and the risk of amputation is significantly
elevated (26). Most of the studies with a diabetic cohort
do not have differentiated patients using the on-going
hypoglycemic medication as criteria: therefore, the
effect of different diabetic regimen on revasculariza-
tion strategies and outcomes has not been thoroughly
evaluated. Previously, insulin-treated diabetics have
been demonstrated to present more severe disease at a
relatively young age (27). In this study, the median age
for insulin users at revascularization was 72.4 (IQR:
64.0-79.5), which is significantly younger than in non-
insulin diabetics and non-diabetics (NIT-DM 76.0,
IQR: 67.9-83.6 versus non-DM 77.3, IQR: 68.5-83.7,
p<<0.001). In the previous literature, insulin use has
been particularly associated with a multitude of comor-
bidities (28). This is analogous to the characteristics of
our diabetic group on insulin: they were the subgroup
that was the most ill. They also had an abundance of

cardiovascular comorbidities, higher median BMI, and
higher CCI scores. Similarly, our diabetics without
insulin had poor baseline health compared to non-dia-
betics.

REVASCULARIZATIONS AND AMPUTATIONS

In our study, diabetics, both insulin and non-insulin
hypoglycemic agent users, were predominantly
treated endovascularly. This same treatment strategy
of “endovascular first” has been reported in multiple
studies and vascular centers (27-29). In infrapopliteal
CLTI patients overall, endovascular methods can be
efficient in short and stenotic lesions, whereas long
occlusions may require surgical revascularization for
better outcomes (3).

After performing a bypass, superior results have
been noted to be achieved with autologous vein con-
duit, whereas prosthetic grafts are less successful
(3,25). Taking this into account, some studies have
been performing bypasses with artificial conduits, in
favor of an endovascular strategy (25). In addition, the
experience and skill level of the operating practitioner
have a major impact to the outcome, since distal
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Fig. 4. Survival analyses of non-DM. (A) AFS between bypass versus endovascular revascularization. (B) OS between bypass versus
endovascular revascularization. (C) AFS between CIx I-III versus CIx IV. (D) OS between ClIx I-III versus CIx IV.
Non-DM: patients without DM; AFS: amputation-free survival; OS: overall survival; CIx: crural index.

TABLE 4

Multivariate Cox regression model for risk factors for poor survival after infrapopliteal surgical or endovascular revascularization in the Turku
University Hospital during 2007-2015.

Risk factor AFS (O8]

Univariate (HR, p) Multivariate (HR, p) Univariate (HR, p) Multivariate (HR, p)
Age per year 1.04 (<0.001) 1.04 (<0.001) 1.04 (<0.001) 1.04 (<0.001)
DM 1.22 (0.094) 1.21 (0.182) 1.20 (0.170) 1.39 (0.043)
Coronary artery disease 1.04 (0.766) 1.35 (0.047) 1.28 (0.121)
Myocardial infarction 1.51 (0.001) 1.37 (0.024) 1.64 (<0.001) 1.39 (0.039)
Heart failure 1.70 (<0.001) 1.33 (0.037) 2.09 (<0.001) 1.60 (0.003)
Hypertension 1.04 (0.743) 0.95 (0.711)
Dyslipidemia 0.66 (0.001) 0.63 (<0.001) 0.65 (0.002) 0.68 (0.008)
Atrial fibrillation 1.24 (0.072) 0.78 (0.053) 1.49 (0.003) 0.97 (0.825)
Chronic kidney failure 1.01 (0.945) 0.87 (0.514)
CCI=5 1.54 (<0.001) 1.33 (0.078) 1.43 (0.007) 0.98 (0.921)
CIx IV 1.42 (0.003) 1.37 (0.008) 1.32 (0.040) 1.26 (0.088)
BMI 1.01 (0.671) 0.98 (0.395)

AFS: amputation-free survival; OS: overall survival; HR: hazard ratio; DM: diabetes mellitus; CCI: Charlson comorbidity index; CIx:
crural index; BMI: body mass index.

bypass surgery is one of the most challenging proce- conduit, if it is applicable (3). Unfortunately, diabetics
dures in vascular surgery (30). are often excluded from invasive surgery due to their

The 2017 ESC guidelines suggest that infrapopliteal =~ poor preoperative health condition (31, 32). A lack of
lesions should be treated by surgery and with venous sufficient venous conduit material might also exclude
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patients from surgical bypass. Coronary artery disease
is common among diabetics with CLTI and autolo-
gous conduit might already be used for concomitant
coronary bypass (33).

According to the present observations on both insu-
lin and non-insulin diabetics groups, endovascular
intervention was more likely to precede major ampu-
tation compared to bypass. As stated before, an evi-
dent explanation is patient selection that directs these
patients toward endovascular strategy. In addition, in
previous literature, insulin regimen has been associ-
ated with increased limb loss: Darling et al. (27)
reported better durability with surgery compared to
endovascular procedure in patients on insulin. A
study conducted by Dosluoglu et al. (28) reported that
primary patency was poorer in insulin users after end-
ovascular revascularization and insulin was associ-
ated with worse limb salvage. Rivero et al. (34) also
reported insulin usage as an independent risk factor
for limb loss. Contradictory findings have also been
demonstrated. For instance, a univariate analysis by
Schanzer et al. (33) did not find evidence of insulin
regimen being a predictor for poor limb salvage,
although a diagnosis of DM, in general, was found to
be a risk factor for limb loss. The same study by
Dosluoglu et al. (28) reported that limb salvage in non-
insulin diabetics was similar to that of non-diabetics.

Overall, diabetics have been noted to encounter
more adverse limb events than patients without DM
due to their metabolic alterations and poor glycemic
control (29). Glucose control, in particular, has been
acknowledged to have a crucial role in infrapopliteal
disease and limb salvage (3). Considering the rela-
tively long survival after revascularization, patients
with CLTI and DM should be treated, or at least be
considered for treatment by the most appropriate
form of revascularization. Support for this statement
comes from some studies that have reported similar
OS compared to those without DM (31, 35). Further
investigations are required, although there is some
evidence that refer to a benefit from open surgery
compared to endovascular technique, especially for
patients under insulin regimen (35).

CIX

The TASC II update was published in 2015 and
although it provided a new, long-awaited classifica-
tion for infrapopliteal PAD, it did not provide infor-
mation about the most appropriate methods for the
survival of these patients (9). Recently, the CIx was
created to evaluate the severity and distribution of
tibial atherosclerosis to predict survival (9). Extensive
tibial atherosclerosis, characterized by Clx classes III
and IV, has been associated with limb loss (9, 10, 36).
We did not detect any difference in the CIx distribu-
tion between IT-DM, NIT-DM, and non-DM groups
and interestingly, severe atherosclerosis associated
with poor AFS only for NIT-DM and non-DM groups.
These patients were more likely to be female (IT-DM
28.9% versus NIT-DM 38.3% versus non-DM 43.0%,
p=0.013), older (IT-DM 72.4, IQR: 64.0-79.5, versus
NIT-DM 76.0, IQR: 67.9-83.6 versus non-DM 77.3,
IQR: 68.5-83.7, p <0.001) and more fragile with lower

BMI (IT-DM 27.7, IQR: 24.0-31.8 versus NIT-DM 26.3,
IQR: 23.2-30.3 versus non-DM 23.9, IQR: 21.5-26.9,
p<0.001). From these data, it could be assumed that
diabetes, and also insulin use itself, do not correlate
with the severity of tibial atherosclerosis and that
other factors, for example, wounds and infections,
rather than extensive atherosclerosis seem to expose
diabetics to higher limb loss.

MORTALITY

In this study, the survival was 81.3% at lyear and
61.0% at 3years, correspondingly for DM, 79.4% and
59.6% and for non-DM, 83.7% and 62.7%. Other stud-
ies with CLTI cohorts have reported OS rates ranging
from 79.1% to 87.7% after l-year post-operation, in
concurrence with our results (33, 36, 37). A notable
proportion of our CLTI patients had repetitive inter-
ventions (28.8%) and bilateral amputations (20.1%)
which support the previous literature by demonstrat-
ing the vulnerability of the vascular system of this
group of patients (36).

Although the chosen primary revascularization
method did not correlate with mortality, extensive ath-
erosclerosis was associated with mortality both insulin
and non-insulin diabetic. Wickstrém et al. (10) found
that CIx III and IV score was associated with mortality,
although their analysis did not focus particularly on
diabetics or its subgroups as defined by medication.
Accelerated alterations in the metabolic state, inflam-
mation, endothelial dysfunction, and other proathero-
genic changes that accompany diabetes might be an
explanation for worse OS (38). Diabetes-associated
peripheral neuropathy might additionally contribute
to the higher mortality rate (32).

RISK FACTORS

Previous studies, including BASIL, PREVENT III, and
Finnvasc, found that significant cardiovascular risk
factors portend to poor AFS and OS and are thus par-
allel with the findings of this study (30, 33, 39, 40).
Age, as an independent risk factor, also associated
with poor outcomes (33). Recently, Vrsalovi¢ et al. (41)
reported a prevalence range of 8.0%-17.9% for atrial
fibrillation in PAD patients and found that a combina-
tion of PAD and atrial fibrillation together associates
with mortality. Interestingly, the prevalence of atrial
fibrillation was strikingly high in our CLTT study pop-
ulation (38.3%) and supportive of Vrsalovi¢ et al.’s
findings that atrial fibrillation might be a marker of
severe atherosclerosis. Dyslipidemia was associated
with better prognosis, most likely due to an aggressive
lipid-lowering strategy as a crucial part of the treat-
ment plan for CLTI (3).

LIMITATIONS

This study has some limitations. The patient selection
was pre-selected before the study according to the
patient characteristics and vascular status. A multi-
tude of patient-derived factors, such as poor overall
health, anesthesia risks, a lack of autologous conduit,
and lesion characteristics guided the decision toward
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endovascular intervention. The patients with short
stenosis on tibial arteries are more likely to be treated
with endovascular methods. Since being a retrospec-
tive study, the data might be uncertain on comorbidi-
ties. The strengths of this study are the long follow-up
periods and an adequately sized study cohort.

CONCLUSION

This study proposes that open surgery bypass was
associated with better limb salvage for diabetic CLTI
patients, which are either insulin- or non-insulin-
treated, compared to endovascular technique. Patients
under an insulin regimen were the most ill of all CLTI
patients and were predominantly treated with endo-
vascular revascularizations, but they still underwent
more amputations than other groups. Extensive tibial
atherosclerosis was an independent risk factor for
limb loss and in insulin and non-insulin diabetics, it
also associated with increased mortality.
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