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Aims. To determine the effect of inflammatory preoperative burden on the incidence of reintervention and mortality after
endovascular therapy (EVT) and to investigate if diabetes mellitus (DM) is involved in these results. Material and Methods. A
prospective cohort study with 12-month follow-up period in patients with peripheral artery disease was carried out. hsCRP and
fibrinogen assessments were determined. Results. 85 diabetic and 58 nondiabetic patients were included. An increase between basal
hsCRP (11.8mg/L (10.2; 21.5) versus 4.3mg/L (1.8; 13.9), 𝑃 < 0.001) and fibrinogen levels (450mg/dL (425; 479.1) versus 369mg/dL
(268; 419), 𝑃 < 0.001) and the incidence of death during followup was found. A significant increase between higher hsCRP and
fibrinogen basal levels and the incidence of reintervention during the follow-up period was also noted (𝑃 = 0.001 and 𝑃 = 0.04,
resp.,).There was no difference betweenDMand non-DMpatients in the 1-year need of reintervention (33.3% versus 45%,𝑃 = 0.15,
resp.,). Basal hsCRP and fibrinogen levels did not significantly differ betweenDMand non-DMpatients who needed reintervention.
Conclusions. The prognosis of the EVT is likely marked by the previous inflammatory load, regardless of DM.

1. Introduction

Peripheral arterial disease (PAD) is a growing health prob-
lem. It is a chronic and progressive disease affecting lower
limbs arteria most commonly due to atherosclerosis. The
role of inflammation in PAD is becoming increasingly rec-
ognized. Several inflammatory markers have been related to
atherosclerosis, including high sensitive C-reactive protein
(hsCRP) [1–4] and fibrinogen [4].

It has been proved that hsCRP acts by induction of
cell adhesion molecule expression and mediation of low-
density lipoprotein consumption by endothelialmacrophages
which can lead to atherosclerosis progression [5]. hsCRP
has been associated with severity of PAD [3] and with a
higher risk of cardiovascular events and long-term mor-
tality in these patients [6, 7]. Likewise, elevated fibrino-
gen levels are associated with greater risk for cardiovas-
cular events and with all-cause mortality in PAD subjects
[4, 8].

Endovascular therapy (EVT) is currently accepted as the
first step treatment in a most of patients that suffer from
PAD. Continuous advances in this technique have allowed to
increasingly offer therapeutic treatment choice detrimental to
the more aggressive intervention of open bypass. That first
obtains a high rate of successful primary outcome [9–11].
However, the need of reintervention after EVT should not be
taken lightly, being this close to 40% in the first 6months after
the procedure [12].

Diabetes mellitus (DM) is one of the most important risk
factors for developing PAD [13]. Moreover, the prevalence
of this disease is rapidly increasing in western world. Fur-
thermore, the duration of the disease worsens its vascular
prognosis [14]. The outcome of EVT in DM patients is
not completely known. Controversial results about possible
different results of EVT among diabetic and non-diabetic
patients have been reported [15–17].

The goal of this study was to determine the effect
of inflammatory preoperative burden on the incidence
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of reintervention and mortality, after EVT for PAD patients,
and to investigate if the presence of DM affects these results.

2. Material and Methods

2.1. Study Design and Population. This prospective cohort
study with a 12-month follow-up period examined the
hypothetical relationship between inflammatorymarkers and
prognosis of EVT aswell as their associationwithDM in PAD
patients.

Patients were considered as having PAD when their
ankle-arm index was <0.9 or >1.3, when they presented
symptoms of intermittent claudication, pain at rest, and/or
trophic lesions.

Patients who underwent EVT for atherosclerotic obstruc-
tions lesions of iliac, femoral, popliteal, or distal arteries
were screened. Patients with clinical evidence of infection
including cellulitis, osteomyelitis, or deep space infection of
the foot (Grade III, Category 6 Rutherford) were excluded.
Other exclusion criteria were concurrent systemic infections,
inflammatory or autoimmune disease, fever, immunosup-
pressive treatment, acute myocardial infarction, stroke, any
major surgery or severe traumatism within 30 days prior to
intervention, because of chronically increased hsCRP levels
in these cases. Were also excluded those patients in which an
open surgical bypass was indicated as first revascularization
treatment option.

All patients included in this study provided their written
informed consent. The study complied with the Declaration
of Helsinki and was approved by the local ethics committee.

Cardiovascular risk factors, treatment, and general con-
ditions from all patients were recorded the same day before
the surgery.

DM was defined by a baseline blood glucose of
>126mg/dL, glycosilated haemoglobin A1c level greater than
0.06 (>6.5%), or the need for glucose-lowering treatment
accordingly WHO criteria. Hypertension was defined
as having high blood pressure (systolic blood pressure
>140mmHg and/or diastolic blood pressure >90mmHg)
and/or receiving antihypertensive treatment for at least 1 year
before inclusion in the study. Dyslipidemia was defined as
fasting total serum cholesterol level >200mg/dL, LDL levels
≥140mg/dL, triglycerides levels ≥150mg/dL, HDL levels
<40mg/dL, or antidyslipidemic treatment. Smoking habit
was defined as active smoker when the patient smoked at the
time of the inclusion or gave up the habit in a period lower
than 6 months.

2.2. Blood Collection and Assays for Inflammatory Markers.
Two markers were used to determine the systemic inflam-
matory burden, hsCRP, and fibrinogen. Antecubital venous
blood samples for determination of hsCRP and fibrinogen
were collected at preintervention ward before EVT. Samples
were spun at 3000 rpm for 20 minutes and then frozen at
−70∘C until its analysis. Levels of hsCRP were measured by
ultrasensitive automated immunoassay (Roche Diagnostics),
with detection in the lower limit of 0.2mg/L and a variation
rate of 4.2% in 4mg/L and 6.3% in 1mg/L [18].

2.3. End Points and Study Protocol. Reintervention events
included any new procedure of balloon angioplasty/stenting
or open revascularization with a bypass vein/graft, as well
as any major amputation during the follow-up period. All
patients were clinically monitored for postoperative initial
complications reporting prior to discharge. Patients were
routinely followed up for 1 year in the outpatient clinic by
a vascular surgeon blinded for basal inflammatory burden
of the patients to analyze the occurrence of reinterventions
and/or death. Ankle-braquial index (ABI) measurement,
evaluation of patient complaints, and physical reexamination
were performed at all visits in all patients. Per protocol, all
patients received duplex ultrasound imaging surveillance at
1, 3, 6, and 12 months, which is consistent with our standard
practice. The duplex ultrasound examination was performed
in an accredited vascular laboratory by an experimental
sonographer. An arteriography was carried out during the
followup in those patients who suffered a worsening in
their symptoms with an increase in one category in the
Rutherford scale, decrease in ABI >0.2 from the maximum
postprocedural level, clinical worsening of tissue loss or the
appearance control duplex-scan of a restenosis area, defined
as an increase in peak systolic ratio ≥2.4 [19]. Angiographic
restenosis was classified as 50% or greater diameter reduction
at the dilated vessel segment.

2.4. Statistical Methods. Statistical analysis was performed
using SPSS, version 15.0 for Windows (SPSS, Chicago, IL,
USA).The distribution of all inflammatorymarkers was non-
Gaussian (rightward skewed) and is presented as median
and interquartile range. To analyze the association between
inflammatory markers and mortality and reinterventions
events, Mann-Whitney U test was used. Likewise, this test
was performed in order to find statistical differences in basal
inflammatory markers in diabetic and nondiabetic groups
and the possible association of these with mortality and
reintervention events. A difference with a 𝑃 value less than
0.05 was considered statistically significant.

The sample size needed to obtain significant differences
regarding the requirement of reintervention, with 80%degree
of statistical power and a type error alpha of 0.05, was
calculated on the basis of prior studies analyzing plasma
hsCRP and fibrinogen levels [6, 12] and was 50 patients.

3. Results and Discussion

3.1. Results. 317 patients undergoing revascularization
surgery treatment were screened. 87 patients were excluded
because they underwent bypass surgery. 72 patients who
underwent EVT during inclusion period were excluded
for suffering Rutherford category 6. Fifteen patients were
excluded by other exclusion criteria (stated at Section 2). 143
patients (143 lower limbs) were finally accepted for analysis.
There were 85 diabetic patients (59.5%) and 58 nondiabetic
patients (40.5%). Subject demographics and risk factor
features are presented in Table 1.

The indication for the revascularization was critical limb
ischemia, defined as rest pain or tissue loss (Rutherford
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Table 1

Features 𝑁 (%)
Age (average ± DS) 70.8 ± 8.1
Male 102 (79.7)
Hypertension 90 (70.3)
Diabetes mellitus 82 (64.1)
Dyslipidemia 48 (37.5)
Prior acute myocardial infarction 44 (34.4)
Prior stroke 14 (10.9)
Chronic renal disease 24 (18.8)
Current smoking 50 (39.1)
Ex-smokers 24 (18.8)

category 4 and 5), in 120 (84%) subjects and intermittent
claudication (Rutherford category 3) in 23 (16%).

Distribution of revascularized lesion areas included the
iliac artery in 23 patients (16.1%), superficial femoral artery in
66 (46.2%), popliteal artery in 8 (5.6%), arteries below knee
in 16 (11.2%), and multilevel treatment in 30 (20.9%).

EVT was performed with an inguinal approach in all
cases. Before angioplasty/stenting, patients received heparin
intravenously. Primary stenting was performed in iliac area
[10]. Lesions in infrainguinal area were treated by means of
balloon angioplasty. In the infrainguinal group, 13% of the
patients crossed over to secondary stenting, mainly because
of suboptimal PTA result defined as flow-limiting dissection
or residual stenosis of>30%. Immediate technical successwas
defined as residual stenosis <30%.

All patients maintained treatment with AAS 100mg/d
and statins after surgery, being implemented in those who
were not treated.

3.2. Influence of Diabetes Mellitus in the Relationship between
Inflammatory Markers and Long-Term Reinterventions. The
analysis of the need of reintervention at 1 year, after excluding
the 10 patients who had exitus during followup, was carried
out in 133 patients, of which 81 (60.9%) were diabetic patients
and 52 (39.1%) nondiabetic patients. There were 48 (36%)
reinterventions at the end of the first year of followup.

The median of basal inflammatory markers in the group
of nonreintervention patients was 3.3mg/L [1.1; 8.7] for
hsCRP and 343mg/dL [235; 382.5] for fibrinogen. Among
patients who needed some kind of reintervention along the
year of followup, it was obtained a median of 8.5mg/L [4;
15.4] for hsCRP and 368.3mg/dL [284.5; 430] for fibrinogen.
Basal hsCRP and fibrinogen levels were significantly higher
in reintervention patients (𝑃 = 0.001 and 𝑃 = 0.04, resp.,)
(Figures 1 and 2).

The need of reintervention was stratified according to
clinical presence of DM.There was no statistically significant
difference between DM and non-DM patients in the 1-year
need of reintervention (33.3% versus 40.3%, 𝑃 = 0.15, resp.,).

When basal hsCRP and fibrinogen levels were ana-
lyzed according to clinical presence of DM, there were
no differences among both groups (4.6 [1.4–12] hsCRP in
DM versus 4.8 [3.4–9] hsCRP in non-DM, 𝑃 = 0.37;

350 [281.8−407.1] fibrinogen in DM versus 348.3 [276.8–450]
fibrinogen in non-DM, 𝑃 = 0.97). (Figures 1 and 2). In
diabetes patients, the median of hsCRP in the subgroup
of nonreintervention (66.6%) was significantly lower than
in the reintervention subgroup (33.3%) (3.6mg/L [1.2–9.5]
versus 12mg/L [1.8–18.5], 𝑃 = 0.014, resp.,). However, no
differences were observed when fibrinogen levels were ana-
lyzed [350mg/dL [278.9–389.2] in nonreintervention group
versus 338.9 [282.5-430] in reintervention group, 𝑃 = 0.26]
(Figure 3).

Among non-DM patients, greater basal hsPCR levels
were found in the reintervention group (40.4%) than in non-
reintervention group [9.7mg/L [4.7–16.9] versus 3.9mg/L
[2.7–5.9], resp., 𝑃 < 0.001], as well as basal fibrinogen
levels [424.5mg/dL [347.5–472.5] versus 297.6mg/dL [240–
343], resp., 𝑃 = 0.001] (Figure 4).

3.3. Influence of DM in the Relationship between Inflammatory
Markers and Mortality. Exitus rate at one year of followup
was 7% (10 patients). Higher baseline levels of hsCRP
(18.8mg/L [7.8; 25.5] versus 3.7mg/L [1.8; 9.4],𝑃 < 0.001) and
fibrinogen (450mg/dL [425; 479.1] versus 340mg/dL [265;
403.2], 𝑃 < 0.001) were significantly found among patients
that suffered exitus during followup.

The rate of exitus was similar in diabetic patients com-
pared with nondiabetic patients (4 versus 6 patients, 𝑃 =
0.09, resp.). In diabetes patients, the median of hsCRP in the
subgroup of non-exitus was significantly lower than in the
exitus subgroup (5.4mg/L (1.6–12) versus 21.7mg/L (18.5–
25), 𝑃 < 0.001, resp.), as well as basal fibrinogen levels
(350/dL (280–406.5) versus 424mg/dL (372–475), resp., 𝑃 =
0.04).

Among non-DM patients, greater basal hsPCR levels
were found in patients that suffered exitus during follow-up
than nonexitus patients (10.9mg/L (9.5–129) versus 4.6mg/L
(3.4–8.99), resp., 𝑃 = 0.001), as well as basal fibrinogen levels
(450mg/dL (442.7–448.5) versus 328mg/dL (245–406.3),
resp., 𝑃 = 0.006).

4. Discussion

PAD is a relatively common condition affecting up to 20%
of the population older than 65 years and is becoming a
growing health problem [20, 21]. It is associated with a
high cardiovascular morbidity and mortality [22] and in its
symptomatic form represents an important cause of disability
[23].

Because EVT is minimally invasive, unless a major
bleeding complication occurs, it has become an accepted
therapeutic alternative to open surgery in patients with PAD.
Initial technical success rates for EVT are well accepted [10,
24, 25]. However, the percentage of reinterventions that these
patients will undergo is nearly 40% in the first 6 months
after the procedure. The accurate causes of this early failure
are not well understood. A previous study has shown that
the inflammatory burden is able to predict the prognosis
of these interventions regarding long-term reintervention
needing and mortality in patients with PAD [26].
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We hypothesized that DM along with the basal inflam-
matory burden are cofactors that confer greater risk for
exitus and EVT failure for PAD patients. Although the
mechanisms of diabetic vascular disease remain incompletely
understood, considerable data suggest that hyperglycemia
itself causes vascular damage. Furthermore, the outcome of
EVT inDMpatients is not yet well known. Some authors have
found no difference in outcomes for DM patients undergoing
EVT [15, 16], whereas others have found worse results in
these patients [17]. However, DM could be an increasingly
important independent factor because of the rising number
of PAD patients with DM.

Meanwhile, inflammatory markers from asymptomatic
patients have been showed to be predictor risk factors for

the development of subsequent PAD [27]. Moreover, hsCRP
levels before and after intervention have been associated with
6-month restenosis rates after femoropopliteal angioplasty,
finding a direct relationship between the inflammation trig-
gered by the EVT itself and the risk of restenosis [12, 28].

Nevertheless, the possible mechanism of interaction
between DM and inflammation in PAD patients is disputed.
DM may accelerate the progression of atherosclerosis or act
through other separate pathways.

To test our hypothesis, a prospective cohort study in PAD
patients underwent to EVT with a 12-month followup was
conducted. Its specific aim was to analyze the association of
DM and inflammatory markers among them and with the
rate of exitus and reintervention after EVT.
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Our data show that preintervention hsCRP and fibrino-
gen levels were significantly associated with the occurrence
of reintervention and exitus at 1 year of followup. Further,
higher baseline inflammatory levels indicate an increased risk
for reintervention as a newEVT, bypass and/or amputation of
the limb as well as a greater risk for exitus.

Nonetheless, no independent association amongDM and
EVT outcomes or exitus was found in these patients. The
rate of reinterventions and exitus was similar in diabetic and

nondiabetic patients. Moreover, no differences were found
in basal hsPCR and fibrinogen levels according to presence
of DM. Such that, the basal inflammatory burden in DM
patients was like in non-DM patients.

The current study shows that baseline levels of hsPCR and
fibrinogen are independent risk factors of a worse prognosis
of EVT. Likewise, although EVT per se, is able to produce an
inflammatory process on the arterial wall, the present study
proves that the effect of the systemic inflammatory status on
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the results of EVT could be independent of that effect upon
the vascular wall.

Data found about the relationship between greater basal
levels of inflammatorymarkers and a poor life expectative are
consistent to others investigations [4, 6]. In this prospective
evaluation of patients undergoing EVT, our results show
that higher plasma circulating levels of systemic inflamma-
tion markers (hsCRP and fibrinogen) are associated with
increased mortality during followup.

But although, DM may be involved in the outcomes of
EVT, it has not been found that DM itself was an independent
predictor of increased rate of reintervention or exitus.

All previous data suggest that the prognosis of EVT is
marked by the previous inflammatory load but not by DM.

Therefore, systemic inflammation may be involved in the
etiopathogenesis of arterial restenosis. Thus inflammation is
related to endothelial dysfunction in PAD patients [29]. The
ability of hsCRP to reduce nitric oxide synthase expression
supports this effect [30]. Biologically is plausible to hypothe-
size that the inflammatory process triggers vascular smooth
muscle cell proliferation and constrictive neointima forma-
tion being involved in the pathogenesis of postangioplasty
restenosis [12].

The inflammatory process plays a pivotal role in the
pathogenesis and evolution of atherosclerosis as well as the
development of its clinical manifestations as PAD. Whether
circulating hsCRP serves as just a marker or plays a direct
biologic role in lesion development remains an area of active
investigation.

Moreover, DM patients are a heterogeneous group, and
further investigation is required to more completely under-
stand the impact of DMonPAD and on the outcomes of EVT.

5. Conclusions

The impact of DM on patency of EVT in PAD patients is
probably less incidental than the previous inflammatory load
that these patients present.The prognosis of the EVT is likely
marked by the previous inflammatory load but not by DM.
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