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Peripheral arterial disease (PAD) is a growing health problem across the globe. It is
a chronic and progressive disease affecting lower limb arteries most commonly due
to atherosclerosis. Approximately 10 million individuals have PAD in the United
States, with a prevalence that approaches ~ 10% in individuals aged >60 years'.
Among the most severely affected, nearly 100,000 peripheral artery reconstructions
will be performed annually. In India, the overall prevalence of PAD in the selected
South Indian population was 3.2% and 6.3% in the diabetic population in year 20007,
Patients with PAD have coronary artery disease (CAD) and cerebrovascular disease

(CVD) as comorbidities and have a mortality risk proportional to the severity of PAD?,

Atherosclerosis is derived from the Greek words ‘athero’ meaning paste and
‘sclerosis’ which means hardening. It can be described as an arterial disease
characterized by the formation of atheromatous plaques (composed of cholesterol
and macrophages) and the narrowing of the artery (stenosis). Atherosclerosis
develops mainly in elastic and muscular arteries that are medium or large in size®.
Inflammation is a biological process that occurs in response to stimulus arising from
substances (pathogens, damaged cells, toxins, irritants) that pose threats to the
survival of cells and the organism as a whole. It involves the immune system (which
produces white blood cells to destroy the harmful stimulus) and the vascular system
(aids in leukocyte transport into cells). Atherosclerosis develops due to this factors
including failure of the immune system to counteract or destroy modified low density
lipoprotein (LDL), free radicals, infectious and or other harmful agents detected by
the system as foreign or related diseased conditions*®. The problem emanates from
the inability of leukocytes (monocytes and T lymphocytes) to destroy or remove

these foreign molecules resulting in the trigger of further immune response, which
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causes the artery to become inflamed*®. Inflamed cells produce free radicals, which

participate in cell degradation.

The role of inflammation in PAD is becoming increasingly recognized. Biomarkers
are molecules that serve as indicators of a biological state (e.g. biologic and
pathogenic processes) in living systems7. Several inflammatory markers have been
related to atherosclerosis, including C-reactive protein (CRP), Serum Fibrinogen (S.

Fibrinogen) and lipoprotein(a) (Lp(a))s.

CRP is an acute phase protein. It is primarily synthesized by hepatocytes, driven by
interleukin-6 (IL-6) with synergistic enhancement of interleukin-1 (IL-1) or tumor
necrosis factor (TNF)Q. A rise in CRP levels by as much as 1000-fold is not
uncommon in both infectious and noninfectious disorders, including myocardial
infarction. Its predictive value can be estimated only through high-precision assays
(high-sensitivity CRP [hsCRP]), with acceptable precision down to or below 0.3 mg/L

(2.86 nmol/L)®.

hsCRP has been associated with severity of PAD and with a higher risk of
cardiovascular events and long-term mortality in these patients'®'". CRP elicits a
multitude of effects on endothelial biclogy favoring a pro-inflammatory and pro-
atherosclerotic phenotype. In vitro experiments reveal that CRP potently down
regulates endothelial nitric oxide synthase (eNOS) transcription and destabilizes
eNOS mRNA, resulting in decreased release of basal and stimulated nitric oxide
(NO), a key endothelium-derived relaxing factor In a synchronous fashion, CRP
has been shown to stimulate endothelin-1 and IL-6 release from endothelial cells':
up-regulate adhesion molecules such as intercellular adhesion molecule-1, vascular
cell adhesion molecule-1, and E-selectin'; and stimulates the release of monocyte

chemotactic protein-1, a chemcokine that facilitates leukocyte transmigration15. By
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inhibiting NO production, CRP facilitates endothelial cell apoptosis and blocks
angiogenesis12. Furthermore, CRP augments CD14 induced endothelial cell
activation; potently up-regulates nuclear factor-kB (NFkB)'®, a key nuclear factor that
facilitates the transcription of numerous pro-atherosclerotic genes; and inhibits bone
marrow—derived endothelial progenitor cell (EPC) survival and differentiation’”. EPCs
have been suggested to play an important role in postnatal neovascularization, and
the ability of CRP to inhibit progenitor cells may be an important mechanism
inhibiting compensatory angiogenesis in chronic ischemia’®. CRP also has direct

pro-atherogenic effects in vascular smooth muscle cells (SMC) .

Recent evidence suggests that CRP directly up-regulates angiotensin type 1
receptor in vascular SMCs in vitro and in vivo and stimulates vascular smooth
muscle migration, proliferation, neointimal formation, and reactive oxygen species
(ROS) productionzn. However, it is also shown that CRP up-regulates complement-
inhibitory proteins and protects endothelial cells from complement-mediated cell
injury21. This suggests that a balance of pro-atherogenic and anti-atherogenic effects

of CRP on the vessel wall may be important in the development of atherosclerosis'®.

Fibrinogen is a glycoprotein that circulates at high concentration in blood.
Fibrinogen is the soluble precursor of fibrin. Elevated fibrinogen levels are
associated with greater risk for cardiovascular events and with all-cause mortality in
PAD subjectszz. Epidemiological studies have demonstrated that elevated levels of
circulating fibrinogen are associated with accelerated development of atheroma and
coronary events in man®. Cell culture studies have shown that fibrinogen and its

derivatives are chemotactic and mitogenic to (SMCs)?*%.
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Fibrinogen and its metabolites may lead to endothelial dysfunction through various
mechanisms®®. Several atherosclerotic lesions contain large amounts of fibrin, either
in the form of wall thrombus in the intact surface of the plaque or scattered diffusely
all over the plaque. This phenomenon is associated with a decrease in fibrinolytic
activity and plasminogen concentrations?. It has been found that fibrin (intima)
triggers cell proliferation, contributing to cell migration, and bonds fibronectin, which
triggers cell migration and adhesion?®. Fibrinogen and products of its decomposition
mediate the transportation of adhesion molecules in the surface of endothelium and
their further migration to the intima. The decomposition products located in the inner
layer can trigger mitogenesis and synthesis of collagen, attract leukocytes, and
enhance permeability as well as vascular tone. In advanced atherosclerotic plaques
fibrin participates in the close linkage of LDL and lipid accumulation, leading to the

creation of the lipid nucleus of atherosclerotic lesions?®.

It has a substantial effect on plasma viscosity and thus on vessel perfusion,
particularly in small vessels such as capillaries. Elevated plasma viscosity provokes
a marked reduction in capillary perfusion. Fibrinogen is often elevated in diabetics,
and moreover, it has been shown that diabetic microangiopathy can be provoked by

hemorheological anomalies?.

Lipoprotein (a) is a heterogenous macromolecule first identified in 1963.
During the 1980s elevated levels of Lp(a) were found to be associated with early
myocardial infarction?®, CAD and stroke®?. Recently, similar studies into the lipid
profiles in patients with PAD have found evidence that Lp(a) is an independent risk

factor for peripheral atherosclerosis®’.
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Lp(a) is a heterogeneaus macromolecule consisting of a LDL molecule that contains
Apo B100 linked by a disulfide bridge to Apo A, which is a hydrophilic glycoprotein of
the plasminogen family*?*%. Lp(a) is less studied and its physiological role has not
yet been entirely determined, but it is considered a cause of endothelial

dysfunction®.

Its activity appears to be facilitated by increased levels of homocysteine, LDL*® and
in diabetics. Apo (a) acts as a ligand that binds specifically to B2-integrin Mac-1; this
enhances the recruitment of adhesion molecules and their migration into the
endothelium®. It is through such interaction with Mac-1, Lp(a) induce the NFkB (a
transcription factor that controls pro inflammatory genes) activation resulting in the
synthesis of tissue factor (which is pro thrombotic) as well as other pro inflammatory
molecules®. Lp(a) inhibits fibrin formation by preventing transforming growth factor B
(TGF-B) activation®*. The physiological role of TGF-B is to restrain inflammatory

responses and hinder the migration and proliferation of SMC.

High plasma levels of Lp(a) are strongly associated with CAD, stroke, and PAD*2.
There is a positive correlation between high serum Lp(a) levels and restenosis after

%37 only Maca et al***® have reported a similar

percutaneous coronary interventions
strong relationship between Lp(a) and restenosis after peripheral percutaneous

transluminal angioplasty (PTA) of the femoropopliteal segment.

Diabetes mellitus (DM) is one of the most important risk factors for developing PAD".
Moreover, the prevalence of this disease is rapidly increasing in the world.
Furthermore, the duration of the disease worsens its vascular prognosis*. Raised
glucose levels in the circulation may speed up the process of atherosclerosis through

putative mechanisms such as oxidative stress and protein glycation of vessel walls*'.
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Lipoproteins can undergo glycation in conditions of chronic hyperglycemia; the
modified lipids form advanced glycosylation end product (AGE) which can be
recognized by AGE receptors present on macrophages®*’. Oxidative stress in
diabetics is due to the formation of ROS which promotes inflammation®. Glycated
lipoproteins support the action of proinfllmmatory cytokines in the arterial
endothelium’. Insulin resistance in patients with type 2 diabetes leads to
hypertriglyceridaemia and dyslipidaemia (Figure 1), conditions that are characterized
by low high density lipoprotein (HDL) levels with high VLDL (very low density
lipoprotein) and LDL levels. In such patients, NO activity is impaired which implies
that endothelium function is hindered. Colwell*® noted that glyco-oxidation,
production of free radicals, and reduced antioxidant defense systems are common in

diabetics. These enhance lipoprotein oxidation and promote atherosclerosis.
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Figure 1 : Pathways and interactions of risk factors of atherosclerosis
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Glycated hemoglobin (HbA1c) is formed by the slow irreversible, non-
enzymatic glycation of valine and lysine residues in the haemoglobin molecule®. It is
a useful test for characterizing dysglycemia as it is easier to perform than an oral
glucose tolerance test and is independent of patient prandial status®™. It reflects
mean ambient fasting and postprandial glycaemia over a 2-3 months period.
Elevated HbA1c levels (>7%) are associated with a higher incidence of
microvascular and macrovascular complications in patients with type 1 and type 2
DM. In patients with diabetes, reducing plasma HbA1c levels by tight glycaemic
control lowers the risk of subsequent microvascular disease. However, the relation of
reduced HbA1c levels with macrovascular outcomes (e.g. stroke, ischemic heart

disease, PAD) is less clear®.

The outcomes of Endovascular therapy (EVT) in DM patients are not completely
known. Controversial results about possible different results of EVT among diabetic
and non-diabetic patients have been reported. EVT is currently accepted as the first
step treatment in a most of patients that suffer from PAD. Continuous advances in
this technigue have allowed to increasingly offer therapeutic treatment of choice
compared to the more aggressive intervention of open bypass. EVT obtains a high
rate of successful primary outcome *7*84% However, the need of reintervention after
EVT should not be taken lightly, being close to 40% in the first 6 months after the

procedure®.

All three inflammatory markers are a risk factor for the development of
atherosclerosis, and have a positive association with post angioplasty restenosis.
The impact of DM on patency of EVT in PAD patients is probably less incidental than

the previous inflammatory load in these patients.
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Thus we outline our research to determine the effect of inflammatory burden both at
pre operative and at 6 months in patients with PAD by measuring the levels of

hsCRP, S. Fibrinogen, Lp(a) and studying their effect on patency after EVT.
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Aims and Objectives

Primary objective:

« To determine the effect of pre-operative levels of hsCRP, S. Fibrinogen
and Lipoprotein(a) on primary patency following Endovascular Therapy

for infra inguinal peripheral arterial disease.

Secondary objective:

« To investigate if the presence of Diabetes Mellitus (HbA1c levels)

affects these results.
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Research has shown that inflammatory processes are involved in the onset and
progression of PAD>"*2 |n particular, hsCRP a surrogate of systemic inflammation,
is a powerful marker of this atherosclerotic manifestation®***>> Other circulating
markers of inflammation in addition to hsCRP that are associated with cardiovascular

disease and PAD are S. Fibrinogen and Lp(a)53.

Fibrinogen levels are higher in subjects with PAD and are predictive of
adverse cardiovascular events in this population?®. To date, only few working groups
have addressed the effect of different inflammatory markers on the development of

restenosis in PAD patients after EVT.

Bleda S et al*®, conducted the prospective cohort study in patients with PAD. hsCRP
and fibrinogen assessments were determined with 12-month follow-up period to
determine the effect of inflammatory preoperative burden on the incidence of
reintervention and mortality after EVT and to investigate if DM was involved in these

results.

hsCRP and fibrinogen assessments were determined. 85 diabetic and 58
non-diabetic patients were included. Patients with clinical evidence of infection
including cellulitis, osteomyelitis or deep space infection of the foot (Grade I,
Category 6 Rutherford) were excluded. 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 369 mg/dL (268; 419), p < 0.001) and the incidence
of death during follow up 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
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between DM and non-DM patients in the 1-year need of reintervention (33.3%

versus 45%, p = 0.15, resp.,).

Basal hsCRP and fibrinogen levels did not significantly differ between DM and
non-DM patients who needed reintervention. They concluded that the prognosis of

the EVT was likely marked by the previous inflammatory load, regardless of DM.

Belda S et al”’, conducted the study to determine the possible association between
serum hsCRP and fibrinogen levels both pre intervention and during follow-up, and
the outcomes of EVT and their association with the incidence of cardiovascular

events or death in these patients.

It was a prospective cohort study in patients diagnosed with PAD in the iliac,
femoaral, popliteal, or distal sectors within Rutherford category 3-5 who underwent
EVT de novo. They determined levels of hsCRP and fibrinogen before surgery and
during the follow-up period (at 1, 3, 6 and 12 months), analyzed the possible
association among inflammatory markers levels before EVT, during 1 year of follow-
up and its variation during that year and the incidence of reintervention,

reintervention-free survival, and the occurrence of cardiovascular events or death.

Over the course of 1 year, 246 patients underwent a revascularizing treatment
of the lower limbs; 64 patients qualified for inclusion in this study. In these 64
patients, a significant increase between basal hsCRP and fibrinogen levels and the
incidence of reintervention (p =0.002 and p = 0.013, respectively) and death (p =
0.001 and p = 0.013, respectively) during follow-up was found. A significant increase
between higher hsCRP basal levels and the incidence of cardiovascular events
during the follow-up period was also noted (p = 0.004). Levels of basal hsCRP were

related to reintervention-free survival after EVT (p = 0.04). On the basis of the rate of

14



Review of Literature

hsCRP variation and its association with reintervention-free survival, they observed a
progressive reduction of the levels of hsCRP until 12 months after the primary

procedure.

They concluded that basal levels of inflammatory markers and their variation
during follow-up allowed them to identify a subgroup of patients with PAD that will
require a greater number of (and earlier) reinterventions after EVT and who will have

higher rates of cardiovascular morbidity and mortality.

Bleda S et al®®, conducted a study to find out if CRP can predict the outcomes of
lower extremity EVT in patients with PAD and to calculate a cutoff value that may be

useful in identifying patients with a higher risk of EVT failure at 1 year.

It was a prospective, single-center study, with 121 patients(94 men; mean age
67.749.8 years) (excluding those with Rutherford Cat VI) undergoing EVT of lower
limb lesions in an 18-month period were enrolled as a derivation set. In the
subsequent 6 months, 53 patients (39 men; mean age 70.1+10.0 years) were
enrolled as the validation set. Blood samples were collected before EVT and at 1
month postintervention from both sets of patients to measure CRP levels. The
cohorts were followed for 1 year, and data on reinterventions were recorded. A cutoff
CRP value was calculated with the highest sensitivity and specificity for EVT failure
based on receiver operator characteristic (ROC) curve analysis. The cutoff value

was confirmed in the validation set.

The area under the ROC curve relating preprocedure CRP levels to 1-year
reintervention was 0.77+0.05. The highest likelihood ratio corresponded to a pre-
EVT CRP value of 9.8 mg/L (likelihood ratio test=133, df=1, p<0.001). Reintervention

before the first year after EVT was related to preprocedure CRP levels (HR 1.1, 95%
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Cl 1.05 to 1.2; p<0.001). These results were canfirmed in the validation set (HR 1.1,

95% CI 1.02 to 1.18; p=0.008).

They concluded that CRP values can be used as an independent marker of
EVT outcome. Baseline CRP levels >9.8 mg/L indicate increased risk of secondary

interventions, which are often open surgical procedures.

Rudofsky G et al®® evaluated any correlation of fibrinogen and hematocrit with the
early success of balloon angioplasty for PAD and compare the outcomes of

angioplasty in diabetic and non-diabetic patients.

From November 1997 to October 2000, 330 patients (246 men; mean age
63.6110.9 years; 221 non-diabetic, 109 diabetic) with known PAD were treated with
percutanecous procedures. The majority of patients (239, 72.4%) were Fontaine
stage lla or lIb; the remaining (91, 27.6%) had critical limb ischemia(CLI) (Fontaine
stages Il and IV). Fibrinogen and hematocrit assays were performed on all patients

upon admission, and the results were then correlated with early angioplasty success.

With advancing PAD stage, fibrinogen concentrations increased significantly
in both non-diabetic (p < 0.006) and diabetic (p < 0.02) patients, while angioplasty
success rates declined by a factor of 3 in nondiabetics and 2 in diabetics. There was
a significantly stronger association between low fibrinogen values and successful
interventions relative to unsuccessful interventions (p < 0.048). Interestingly,
compared with non-diabetics, the angioplasty success rate in diabetics was
associated with significantly higher fibrinogen levels (p < 0.044) and lower hematocrit

(p < 0.022).

Their findings appear to indicate that hemorheological factors, such as

fibrinogen and hematocrit, can affect early angioplasty success. Moreover, high
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fibrinogen concentrations appear to be detrimental to early angioplasty success.
Interestingly, low hematocrit levels in diabetics may partially offset the negative
effects of hyperfibrinogenemia.

Giovanetti F et al®®

, conducted the prospective study to evaluate the influence of
serum lipid sub fraction concentrations on arterial patency after PTA in patients with

infra inguinal PAD.

From January 2007 to June 2008, a study was conducted involving 39
patients (29 men; mean age 68.66110.0 years) with infra inguinal PAD in 41 limbs
who had pre procedural lipid assessment and underwent successful PTA (<30%
residual stenosis). Patient demographics, Fontaine clinical stage classification,
Texas University Classification of ulcers, coexisting medical conditions,
endovascular procedures, and lipid profiles were collected in a database. Follow-up
included clinical and duplex ultrasound evaluation at discharge and at 1, 3, 6, and 12
months. To analyze any correlation between various lipid subfractions and the loss
of primary patency (Cox proportional hazards modeling), the patients were
dichotomized into high and low groups according to these thresholds: LDL-C =100

mg/dL, HDL-C <40 mg/dL, Lp(a) =30 mg/dL, and an Apo(B)/Apo(A)ratio >0.8 mg/dL.

Mean follow-up was 7.5 months (range 3-12). After 1, 3 and 6 months, the
primary patency rates by Kaplan-Meier analysis were 94.9%, 73.7%, and 64.1%
respectively. Restenosis at 6 months was significantly related to female gender (HR
95.9, 95% CI 6.8 to 1352.5, p = 0.001), HDL-C <40 mg/dL (HR 86.9, 95% CI 6.4 to
1183.1, p = 0.001), LDL-C>100 mg/dL (HR 9.6, 95% CI 1.6 to 57.4, p = 0.013), and

Lp(a) >30 mg/dL (HR 6.1, 95% CI 1.4to 26.3, p = 0.016).
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There results suggest that Lp(a), LDL-C, and HDL-C are independent risk
factors for restenosis after infrainguinal PTA.

Gary T et al®

., evaluated the association between plasma lipoproteins and the
development of superficial femoral artery (SFA) in-stent restenosis and reocclusion

in patients with PAD.

Total 139 patients with SFA stenting and plasma lipoproteins measured after
stent implantation were included. Stent restenosis was assessed with duplex scan

after 3, 6 and 12 months. A stenosis grade was considered relevant if >50%.

Seventy-two patients experienced recurrence of their atherosclerotic disease,
meaning restenosis of >50% within 1 year of follow-up. Ten of these patients had a
stent occlusion. In the patients who experienced recurrence, the mean Apo B level
was 105.8mg/dl versus 94.9 mg/dl in patients without recurrence (p < 0.05). Patients
without recurrence had higher HDL cholesterol levels than patients with recurrence
(39.7 vs. 34.7 mg/dl, p < 0.05). Comparing patients with a stent occlusion (nh = 10)
and those with a restenosis of 75-99% (n = 28), the patients with a stent occlusion
had higher levels of plasma cholesterol (234.1 vs. 185.9 mg/dl, p < 0.05), apo B
(135.3 vs. 99.8 mg/dl, p < 0.05), LDL cholesterol (160.3 vs. 113.6 mg/dl, P < 0.05),
and low-density lipoprotein apo B (115.5 vs. 82.4 mg/dl, p < 0.001) than the patients

with restenosis of 75-99% (n = 28).

They concluded that changes in the lipid profile could be one reason for the
development of restenosis and for the development of reocclusion after SFA

stenting.
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Awad S et al®?, compared current revascularisation practice and outcome in diabetic
and non-diabetic patients presenting with CLI to a single vascular surgeon. Data for
113 patients presenting with CLI were collected prospectively over a 3-year period.
Forty-four (39%) were diabetic. Treatment was classified as percutaneous
angioplasty, arterial reconstruction, primary major amputation, and conservative
therapy. Main outcome measures were 30-day mortality, major amputation, survival

and amputation-free survival.

No significant differences were found in the initial treatment options between
diabetics and non-diabetics: angioplasty 39 vs 26%, surgical revascularisation 34%
vs 33%, primary major amputation 9%vs 17%, and conservative treatment 11% vs
19% (p = Not significant in all). There were eight deaths (7%) within 30-days. At
follow-up (1-44 months, median 14 months), rates of major amputation and death for
the entire population were 23 and 8%, respectively. The 12-month cumulative
survival and amputation-free survival rates were 90 and 72%, respectively. When
comparing diabetic to non-diabetic patients, there were no significant differences in
the 30-day mortality (6.8 vs 7.2%, p = 0.4), cumulative survival (93 vs 89% at 12
months, log-rank test. 0.00, p = 0.9), amputation-free survival (71 vs 73% at 12
months, log-rank test: 0.00, p = 0.99), and major amputation rates (22.7 vs 23.1% at
12 months, p = 0.96). Similarly, there were no differences in limb salvage rates
between diabetic and non-diabetic patients undergoing revascularisation procedures

(78 vs 90% at 12 months, log-rank test: 2.04, p = 0.15).

In current practice, an aggressive multidisciplinary approach in diabetic
patients presenting with CLI leads to similar limb salvage, amputation-free survival,

mortality, and major amputation rates to those seen in non-diabetic patients. The
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presence of diabetes should not deter clinicians from attempting revascularisation by

means of angioplasty or surgical reconstruction.

Bakken A et al®®, conducted the study regarding the implication of DM on long-term

outcomes following EVT for SFA occlusive disease.

The study was conducted between 1986 and 2005, with three groups of
patients were defined: non-diabetic patients, those with non-insulin-dependent DM
(NIDDM), and those with insulin-dependent DM (IDDM). EVT (i.e., balloon
angioplasty - adjuvant stenting in 38%) was initiated in 525 limbs in 437 patients
(68% male; average age, 66 = 14 years) for claudication failing conservative therapy
or chronic CLI. Of these, 50% were non-diabetic, 26% had NIDDM, and 24% had
IDDM. Analyses were separated by those presenting with claudication (61%) and
those presenting with CLI (39%). Among patients presenting with claudication, those
with IDDM had significantly lower assisted primary patency (p < 0.01) and a higher
incidence of restenosis (p = 0.04). Patency at 3 years for non-diabetic, NIDDM, and
IDDM were 62%, 72% and 54% (primary), and 81%, 86% and 65% (assisted
primary), respectively. Patency and restenosis rates were associated with lesion
calcification, TASC D lesion categorization, and acute peri procedural occlusion.
Among patients presenting with CLI, patency and restenosis rates were equivalent
across all groups; however, limb salvage was significantly worse for both groups of
diabetic patients compared with non diabetic (NIDDM, p = 0.01; IDDM, p = 0.02).
Reduction in limb salvage rates was associated with presence of tissue loss at

presentation, end-stage renal disease and progression of distal disease on follow-up.

EVT for SFA occlusive disease yields lower assisted patency rates and higher
restenosis rates for those patients presenting with claudication who have more

advanced diabetes (i.e., IDDM). Among those patients presenting with CLI,
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particularly those with tissue loss, limb salvage rates are lower for the diabetic

groups (NIDDM and IDDM) despite equivalent patency and restenosis rates.

DeRubertis BG et aIB4, aimed to assess differential outcomes in between diabetics

and non-diabetics in lower extremity percutaneous interventions.

Retrospective study between 2002 and 2005 with 291 patients studied with
respect to patient variables, complications, and outcomes for percutaneous
interventions performed for PAD with a mean follow-up of 11.6 months (range 1 to

56 months).

A total of 385 interventions for PAD with claudication (52.2%), rest pain
(16.4%), or tissue loss (31.4%) were analyzed, including 336 primary interventions
and 49 reinterventions (mean patient age 73.9 years, 50.8% male). Comorbidities
included DM (57.2%), chronic renal insufficiency (18.4%), hemodialysis (3.8%),
hypertension (81.9%), hypercholesterolemia (57%), CAD (58%), tobacco use
(63.2%). Diabetics were significantly more likely to be female (55.3% vs 40.8%), and
suffer from chronic renal insufficiency (23.5% vs 12%), a history of myocardial
infarction (36.5% vs 18%), and and less than three-vessel tibial outflow (83.5% vs
71.8%), compared with non-diabetics, although all other comorbidities and lesion
characteristics were equivalent between these groups. Overall primary patency
(£SE) at 6, 12 and 18 months was 85t 2%, 63+ 3% and 56 14%, respectively.
Patients with diabetes suffered reduced primary patency at 1 year compared with
non-diabetics. For non-diabetics, primary patency was 88+ 2%, 71 £4%, and 58 +4%
at 6, 12 and 18 months, while for diabetics it was 82+ 2%, 53+ 4%, and 49+ 4%
respectively (p = 0.05). Overall secondary patency at 6, 12 and 18 months was 88+
2%, 76 3%, and 69 3%, and did not vary by diabetes status. One-year limb

salvage rate was 88.3% for patients with limb-threatening ischemia, which was also
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similar between diabetics and non-diabetics. While univariate analysis revealed that
female gender, less than three-vessel tibial outflow, and a history of tobacco use
were all predictive of reduced primary patency (p < 0.05), none of these factors
significantly impacted secondary patency or limb-salvage rate. Furthermore, only
limb-threatening ischemia remained a significant predictor of outcome on multivariate
analysis, suggesting that the poorer primary patency in diabetics is related primarily
to their propensity to present with limb-threatening disease compared with non-

diabetics.

Patients with diabetes demonstrate reduced primary patency rates after
percutaneous treatment of lower extremity occlusive disease, most likely due to their
advanced stage of disease at presentation. However, despite a higher reintervention
rate, diabetics and others with risk factors predictive of reduced primary patency can
attain equivalent short-term secondary patency and limb-salvage rates. Therefore,

these patient characteristics should not be considered contraindications to EVT.

Dick F et al® assessed the efficacy of endovascular-first vs surgical-first
revascularization stratified for the presence of diabetes. |t was a prospective cohort
study, with 1-year follow up, was conducted in a consecutive series of 383 patients
(45.7% had diabetes) presenting 426 limbs with chronic CLI. Interventions were
endovascular (PTA cohort, 207 limbs) or surgical (SURG cohort, 85 limbs)
revascularization. Conservatively treated patients without revascularization (NON
REVASC cohort, 108 limbs) were used as a reference. The main outcome measures
were sustained clinical success, defined as survival without major amputation or
repeated target extremity revascularization (TER), and a categoric upward shift in

clinical symptoms according to the Rutherford classification.
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Sustained clinical success of revascularization was significantly better in non-
diabetic patients (HR, 0.48; 95% CI, 0.29 to 0.72; p = 0.001 [SURG cohort]; HR,
0.53; 95% ClI, 0.35 to 0.78; p = 0.002 [PTA cohort]) compared with diabetic patients
(HR, 0.78; 95% ClI, 0.44 to 1.43, p = 0.45 [SURG cohort]; HR, 0.83; 95% ClI, 0.55 to
1.27, p = 0.40 [PTA cohort]). Repeated TER significantly improved clinical success,
which became equivalent between diabetic and non-diabetic patients (HR, 1.02; 95%
Cl, 0.7 to 1.4). In multivariate analysis, treatment success was not influenced by
mode of initial revascularization, neither in diabetic nor in non-diabetic patients.
Cumulative 1-year mortality was 30.4%, with a trend of increased mortality in
patients with diabetes (HR, 1.45; 95% CI, 0.98 to 217, p = 0.064). Limb salvage
rates were similar in treatment cohorts, also if stratified for diabetes (HR, 1.04; 95%

Cl, 0.62 10 1.75).

Diabetic patients with chronic CLI benefit from early revascularization. To
achieve this benefit, multiple revascularization procedures may be required, and
close surveillance is therefore mandatory. Choice of initial revascularization modality

seems not to influence clinical success.

O'Connor D et al*®, conducted the study to determine if the level of HbA1c has any
effect on disease severity in diabetic patients with limb threatening ischemia. A
retrospective review of all patients presenting with limb threatening ischemia
between January 1 and December 31, 2007 was conducted. All patients underwent
conventional arteriography prior to intervention. Of 148 patients, 73 were diabetics
with a HbA1c level performed within 3 months of presentation. Patients were placed
into high (>7) and low (<7) HbA1c groups and data was collected on type of

presentation, comorbidities, anatomic level of disease, tibial artery patency, need for
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amputation, contralateral disease, need for an open versus an endovascular

procedure, and freedom from intervention.

Thirty-six patients had HbA1c levels above 7.0 and 37 had levels helow 7.0
(mean 764 + 204 range 51-14.7). There were no statistically significant
differences in the two groups in comorbities, average age, initial gangrene at
presentation, aspirin or statin use, or smoking status. Patients in the high group were
more likely to have had a previous attempt at revascularization (23 versus 11, p =
0.0049). There was no difference in the presence of contralateral disease
(7 versus 4, p = 0.3447) or in the number of patent tibial vessels. Patients with low
HbA1c levels were more likely to have the peroneal artery affected (17 versus 8, p =
0.048). In addition, TASC |l classifications of iliac and femoral popliteal disease were

similar between the two groups.

In conclusion glucose control measured by HbA1c does not appear to affect
severity of disease or need for reintervention in diabetics with limb threatening
ischemia. This suggests other factors related to diabetes may play a role in
peripheral vascular disease. Larger, prospective studies are needed to assess the

affect of glucose control in limb threatening ischemia.

To date, only few working groups have addressed the effect of different inflammatory
markers on the development of restenosis in PAD patients after EVT. Controversial
results about possible different results of EVT among diabetic and non-diabetic
patients have been reported e ke goal of this study was to determine the effect
of inflammatory preoperative burden on the incidence of reintervention after EVT for

PAD patients, and to investigate the role of DM.
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Material and Methods

All patients presenting to Jain Institute of Vascular Sciences (JIVAS) with chronic CLI
categorized by Rutherford classification for chronic limb ischemia®® with imaging
pattern suitable for infra inguinal EVT revascularization during the period between

April 2013 and March 2014 were prospectively evaluated.(30 patients)
This was a single centre, non-randomized, prospective study.
Inclusion Criteria:

s >18 years of age.

s All patients who underwent technically successful infra inguinal endovascular
therapy for PAD (Rutherford Category IV, V, VD% at JIVAS, Bhagwan
Mahaveer Jain Hospital, Bangalore.

e Patient giving consent for participating in study.
Exclusion Criteria:

e Patients with autoimmune disease, on immunosuppressive treatment, acute
myocardial infarction, stroke, any major surgery or severe trauma within 30
days prior to intervention.

* Patients with lesions proximal to Common Femoral Artery.

* Patients not achieving technical success.

e Patients undergoing hybrid procedures (open + endovascular) for infra

inguinal lesions.

Once the patients were enrolled in the study, their demographics were
recorded; they were assessed for medical risk factors like DM, Hypertension (HT),
CAD and CVD as evident by history which was then corroborated with their previous
laboratory reports and investigations at this admission. DM was defined by a

baseline blood glucose of >126 mg/dL, HbA1C (>6.5%), or the need for glucose-
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lowering treatment according to the World Health Organization criteria’®. HT was
defined as having high blood pressure (systolic blood pressure >140 mm Hg and/or
diastolic blood pressure =90 mm Hg) and/or receiving antihypertensive treatment for
at least 1 year before inclusion in the studyﬁ. CAD was defined as a history of
angina pectoris, myocardial infarction, congestive heart disease, or prior coronary
artery revascularizations®. CVD was defined as a history of stroke, transient
ischemic attack, or carotid artery revascularization®®. Other factors noted were
presence of tobacco usage (smoking/chewing) and chronic kidney disease (serum
creatinine >1.5 mg/dL)"%. 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®®.

A thorough history with general and local examination was carried out and
careful noting of the pulse status of both lower limbs along with ankle brachial index
(ABI) and pulse volume recording (PVR) was done. Wounds were categorized
according to wound characteristic staging from WIFI classification (Wound
characteristic, Ischemia, and Foot Infection)”. With respect to wound categorization,
both the Fontaine and Rutherford classifications of lower extremity ischemia lack
sufficient detail and other diabetic foot ulcer classifications such as perfusion,
extent/size, depthitissue loss, infection, sensation (PEDIS), University of Texas,
variants of sepsis, arteriopathy, denervation (SAD) classification doesn't have a role

in classifying non-diabetic patients with wound .

Along with routine blood investigations including liver and renal function tests,
the inflammatory markers (hsCRP, S. Fibrinogen and Lp(a)) with HbA1C levels were

recorded before any intervention for each patient enrolled in the study.
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Blood sampling

Early morning sample was drawn by clean venipuncture from an antecubital vein
using a 21-gauge x 3/4' needle (BD Vacutainer® Safety-LokTM Blood Collection
Sets with Pre-Attached Holder); at admission and 6months of follow up. To avoid
procedural deviations, all blood samples were taken by the same physician applying
a light tourniquet, which was immediately released. 3cc of blood was drawn into a
Red Cap Vacutainer (BD Vacutainer®) for hsCRP and Lp(a) each. For S. Fibrinogen
the blood sample was anti coagulated with 3.8% trisodium citrate in proportions of
9:1, in blue cap Vacutainer (BD Vacutainer®). Another, 3cc of whole blood was

collected in purple Cap Vacutainer (BD Vacutainer®) for HbA1c.
Measurement of hs-CRP, S.Fibrinogen, Lp(a) and HbA1c

For the measurement of hsCRP, sample was spun at 3000 rpm (Figure 2) for 20
minutes and then frozen at -70°C until its analysis. Level was 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 ‘1mgIL55.

Figure 2 : Centrifugation machine
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For S. Fibrinogen the blood sample was centrifuged at 3500 rpm for 7 minutes. |If
testing was not done within twelve hours of collection the plasma was stored at —70°.
The test was done using electromechanical clot detection technique (Clauss method)

by STA Compact Max®. (Diagnostic Range: 200-400mg/dl)

On the STA-Compact, the fibrinogen concentration in plasma was determined
quantitatively by the Clauss clotting method. This test method involves measuring
the rate of fibrinogen to fibrin conversion in diluted sample under the influence of
excess thrombin. Since under these conditions the fibrinogen content was rate
limiting, the clotting time can be used as a measure of the concentration of the
fibrinogen and in fact the clotting time is inversely proportional to the level of

fibrinogen in the plasma.

Clot detection by the STA-Compact involves an electromagnetic-mechanical
system. The oscillation of a steel ball within the cuvette with the thrombin and diluted
plasma was monitored by the STA-Compact. When the oscillation of the steel ball
was stopped by clot formation, the sensor registers the time in seconds. The time
was translated into fibrinogen concentration from a fibrinogen standard curve, stored

on the STA Compact.

Lp(a) was determined using antiserum antibody reactions using
immunoturbidometric assay (Incstar corporation, Stillwater, MN, U.S.A.). (Normal

Range: <30mg/dI)’™.

HbA1c was determined by chemiluminescent microparticle immunoassay (CMIA) on
the ARCHITECT i System (Diagnostic Range: 4 - 14.5%). The sample was
incubated with pre-treatment reagent to lyse the red blood cells. Pre-treated sample

was then incubated with magnetic micro particles with a silica surface. Hemoglobin
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and HbA1c in the sample bind to the silica surface of the micro particles. Following a
wash cycle, anti-HbA1c acridinium-labeled conjugate was added to create a reaction
mixture. Following another wash cycle, pre-trigger(1.32%(w/v) hydrogen peroxide)
and trigger solutions (0.35 N sodium hydroxide) are added to the reaction mixture.

The resulting chemiluminescent reaction was measured as relative light units(RLUs).

The hemoglobin and HbA1c that are bound to the surface of the
microparticles represent the total percentage present in the sample however, only
the HbA1c result was required to determine the %HbA1c in the sample. A direct
relationship exists between the amount of HbA1c in the sample and RLUs detected

by the ARCHITECT i system optics.

The patients who had presented with infected wounds underwent an initial wound
debridement with or without below ankle minor amputations as required for control of
sepsis. The patients were imaged using Intra arterial digital subtraction angiography
or magnetic resonance angiography or computerized tomography angiogram as
appropriate. Patients were selected for EVT based on lesion suitability, operator

expertise, associated co-morbdities and high risk for prolonged open surgeries.

Patients planned for EVT, received preoperative loading dose of Clopidogrel
300mg previous day and started on oral N- acetyl cysteiene 600mg orally for two
days prior to procedure75. All DM patients who were on oral hypoglycemic agents
were switched over to regular insulin and strict glycemic control was ensured peri
operatively. Patients were started on |V hydration with 0.9% NaCl at 1 mL/kg/hr for
12 hours pre-procedure and 12 hours post-procedure™ with 154mEq/L infusion of
sodium bicarbonate as a bolus of 3 mL/kg/hour for 1 hour before the administration
of contrast, followed by 1 mL/kg/hour for 6 hours during and after the procedure73.

The procedures were carried out under local anesthesia with monitored anesthesia
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care(MAC). All cases were done by consultant vascular surgeons with more than 10
years experience in EVT. The access was obtained either ipsilateral ante grade or
retrograde contra lateral depending on lesion location. Usually 6Fr sheath was
deployed and standard wire and catheter technique used to cross the lesion and the
diseased segments were treated with angioplasty PTA balloons and secondary
stenting of SFA was done at the discretion of the operator for flow-limiting

dissections (grade C or higher)w‘?s

, intimal flaps, acute occlusions, or poor technical
results (>30% residual stenosis). Nonionic contrast media lopromide 300mg per ml
(Ultravist®) or CO2 for CKD patients for imaging was used. Systemic heparinisation
was done as soon an access was obtained; 80U/kg body weight and then 1000units
IV for every passing hour. Activated Clotting Time (ACT) was used to keep track of

the patient anticoagulation status for quick and efficient monitoring and was

maintained at 250-300 seconds throughout the procedure.

Technical success was defined in terms of hemodynamic and clinical
success. Hemodynamic success was defined as an ABI increase of at least 0.10 or
improvement in plethysmographic tracing by at least 5 mm for patients with non
compressible vessels. Clinical success was defined as an improvement of at least
one clinical Rutherford classification category with demonstrable hemodynamic
success for patients in category 4. Patients with tissue loss (categories 5 and 6)
required an improvement to at least claudication and healing of their ulcers with

confirmed improved hemodynamicsm‘ao.

After the procedure, the sheath was removed when the ACT was <180
seconds. Closure device or the manual compression was applied for 10mins or till
there was no bleeding with continuous hemodynamic monitoring in the recovery

room. The post procedure pulse/doppler sighals status were noted and the PVR/ABI
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were checked on the first post operative day. The hydration was continued for 12 hrs
and N-acetyl cysteine for next 48 hours.. Any secondary procedures, planned or
unplanned in the form of wound debridement/revision or minor amputations were
recorded. Major amputations were defined as those above the ankle and minor as
those below the ankle®!. Post operative duplex ultrasound examination (using
LOGIQ®e ©General Electric Company) was performed for each patient in an

accredited vascular laboratory by and experienced sonographer.

All were started on aspirin 150mg OD if only angioplasty was done and
clopidogrel 75mg and aspirin 150mg was given if a stent was deployed. If the patient
was already on double antiplatelets, they were continued. All received atorvastatin
20mg HS for 6 months. Other medications for DM, hypertension and for any cardiac
problems were continued as per treating physician's advice. The antibiotics,

analgesics were prescribed as per patient and procedure requirements.

Depending upon the type of the wound, they were either dressed with
hydrocolloids or vacuum assisted device was applied. All patients were counseled
about the life style modification regarding the foot ware and foot care, with regular

follow up as per our protocol.
Follow Up

All enrolled patients were followed postoperatively with thorough clinical
examination and PVR/ABI surveillance at 1, 3, 6 and 9 months, which is consistent
with our standard practice. The duplex ultrasound examination was performed if
there was a worsening in their symptoms with an increase in one category in the
Rutherford scale, decrease in ABl >0.15 from the maximum post procedural level or

clinical worsening of tissue loss®. The duplex ultrasound examination was
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performed in an accredited vascular laboratory by and experienced sonographer and
a restenosis area was defined as an increase in peak systolic ratio 22 4%, Primary
patency was defined as the duration of follow-up in which there is an absence of

occlusion or significant restenosis within the treated segment“.

Restenosis was defined as >50% decrease in post intervention luminal diameter
seen on noninvasive imaging or angiography. A vessel was considered patent if it
was free from occlusion/restenosis by noninvasive imaging or angiography, or

both®7°,

At 6 months of follow up, all the three inflammatory marker levels with HbA1c were

repeated.
Statistical Analysis

The sample size needed to obtain significant differences with 80% degree of
statistical power and a type error alpha of 0.05, was calculated on the basis of prior

10,50

studies analyzing plasma hsCRP and fibrinogen levels and their effects on

primary patency rates [1--6, 12]. It was calculated to be a minimum of 30 patients.

Statistical analysis was performed using SPSS, version 17.0 (SPSS, Chicago, IL).
Percentages were computed based on complete data. Continuous variables were
reported as mean + standard deviation. Between-group differences in continuous
variables were tested using unpaired Student t test (two tailed). Likewise, this test
was performed in order to find statistical differences in basal inflammatory markers in
patent and restenctic groups. A P value less than 0.05 was considered significant

and value less than 0.001 as highly significant.
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DEMOGRAPHY:

219 patients underwent lower limb revascularization for CLI from April 2013 to March
2014. 78 and 58 were excluded as they underwent bypass and hybrid procedures
respectively. Out of 83 who underwent technically successful EVT, 33 were
excluded based on other exclusion criteria. 50 patients were included in the study, of

which 38 (76%) were males and 12 (24%) females. (Figure 3)

Figure 3: Gender Distribution

Gender Distribution

m Male

mFemale
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AGE

The mean age distribution was 65.4 + 10.51 years with 64% of them between 51-70

years. Table 1 and Figure 4

Table1: Age Distribution

Age in years Number of patients %
41-50 3 6
51-60 16 32
61-70 16 32
71-80 11 22
>80 4 8
MEAN AGE: 65.4 £ 10.51 years
Figure 4: Age Distribution
18
16,32% 16,32%
16 -
14
w 12 11,22%
[
Z 10
< s
o EN =50
|
I 6
o 4,.8%
4 3,6%
2 i
0
41-50 51-60 61-70 71-80 >80
AGE IN YEARS
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CO-MORBIDITIES

On analyzing the co-morbidities, 44 (88%) were diabetics, 70% were hypertensive,
44% had history of CAD, 2% had CVD and 6% were known to have CKD. 16 (32%)
were present smokers and 6 (12%) were ex-smokers with 28 (56%) of them having

no history of smoking. (Table 2, Figure 5 and 6).

Table 2: Co Morbidities

Number of patients

Co morbidities (N=50) %
Diabetes Mellitus 44 88
Hypertension 35 70
CAD 22 44

CvD 1 2

CKD 3 6

37



Results

Figure 5: Co Morbidities Prevalence

CKD

CvD

CAD 22,44%
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Figure 6: Prevalence of Smoking (N=50)
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CLINICAL AND WOUND CLASSIFICATION

Patients were categorized according to Rutherford classification for chronic limb
ischemia® (Table 3) and the wounds were categorized according to wound
characteristic staging from WIF| classification(Wound characteristic, Ischemia, and

Foot Infection)’ (Table 4).

Among 50 patients, 5 (10%) were in Rutherford category 4, 27 (54%) in category 5
and 18 (36%) of them in category 6. According to wound characteristic staging, 5

patients belong to stage O, 6 to stage 1, 33 in stage 2 and 6 in stage 3.

The hsCRP basal levels were categorized in relation to wound characteristic staging
and then their respective means were compared with that of cohort mean of hsCRP
to find out was there any significant difference between them. Cohort mean of
hsCRP was 53.04+54.43 mg/L. Mean hsCRP for stage 0,1,2 and 3 were 13.8+6.4

mg/L; 40.7+69 mg/L; 49.5£46.27 mg/L and 111.18467.3 mg/L respectively.

The mean hsCRP value of wound characteristic stage 1, 2 and 3 were not
statistically different from the cohort mean of hsCRP (p = 0.68; p = 0.66; p = 0.08)

(Table 5).
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Table 3: Clinical Classification According To Rutherford Classification of
Chronic Limb Ischemia

Category Num bt:;l Zf5 g)atients ”
‘ 5 10
S 27 -
6 18 %A

Table 4: Wound Classification According To Wound Characteristic Staging In
WIFI Classification”

Number of Patients

Staging (N=50) %
0 5 10
1 6 12
2 33 66
3 6 12

Table 5: Comparison Of Different Wound Categories hsCRP With That of

Cohort Mean
Wound grade hsCRP(mgl/L) hgcc;g(?n';m) P
0 13.846.4
1 40.7169 0.68
53.04154.53
5 49.5+46.27 0.66
3 111.18+67.3 D9e

Mean £ SD, Normal hsCRP <1mg/L
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DISTRIBUTION OF LESIONS

Operative intervention was infra inguinal EVT consisting of angioplasty primarily and
selective stenting as needed. Right and left lower limbs were nearly evenly involved
(24 & 26 patients). 8 (16%) required only SFA, and 32 (64%) had infra popliteal
interventions, 10 (20%) required multi-level corrections. Among the 8 patients with
isolated SFA interventions 6 required stenting. The distribution in infra popliteal
lesions were O-TPT; 7- ATA: 6-PTA; 1-Peroneal and 18 were multi vessel lesions.
Out of 10 who required multilevel correction 6 had SFA/Popliteal artery (PA)
angioplasty with infra popliteal angioplasty and other 4 had SFA/PA angioplasty

stenting with infra popliteal angioplasty (Table 6, Figure 7 and 8).

Table 6:Distribution of Lesions

Lesion Distribution Num ber of Cases (50)
Superficial Femoral Artery(SFA) 10 (16%)
Angioplasty Alone 2
Angioplasty With Stenting 6
Infra popliteal 32 (64%)
Tibio Peroneal Trunk 0
Anterior Tihial Artery 7
Posterior Tibial Artery 6
Peroneal Artery 1
Multiple Vessel 18
Multilevel 10 (20%)

SFA/Popliteal Artery(PA) angioplasty +
Infra popliteal angioplasty
SFA/PA angioplasty with stenting and
Infra popliteal angioplasty

6

4
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Figure 7: Distribution of Lesions
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OUTCOMES OF ENDOVASCULAR THERAPY

Patients were analyzed according to primary patency on follow up at any time frame
and were categorized in two groups. A) Restenosis group: Those with restenosis in
treated vessel or progression of disease ; (B) Patent Group: The treated vessel is

patent with no progression of disease on follow up of 9 months.

In this study of 50 patients, 17 (34%) patients had restenosis/ progression of
disease. 14 among them were diabetics and 6 smokers (5 present, 1 ex smoker).
Out of this 17, 5 had restenosis of treated segment, 8 had progression of disease in
same vessel with restenosis of treated vessel and remaining 4 developed
progressive disease at different level. Among 17, 65% (11) were treated non
operatively with medical management only as they were asymptomatic and wound
had healed; 4 patients underwent revascularization (symptom oriented target lesion
revascularization(TLR)) and 2 patients had major amputations. Time to restenosis
was 1 month for 2 patients; 3 months for 1 patient while 9 and 6 patients developed
restenosis at 6th and 9th month of follow up respectively. One minor amputation
(Trans metatarsal Amputation) was in patent group (Figure 9 and 10) (Table 7 and

8).

Figure 9: Time to Restenosis/Progression of Disease

& 1st month
3rd month
H 6th month
& 9th month
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Table 7: Distribution of Restenosis/Progression of Disease

Restenosis/Progression of Disease

Number(N=17)

Restenosis

Progression Of Disease In Native Treated

Vessel

Progression Of Disease At Different Level

5
8
4

Table 8 Management of Restenosis Group

Restenosis/Progression of Disease

Number (N=17)

Revascularization
No Re-Intervention

Major Amputation

4(23%)
11(65%)
2(12%)

Figure 10: Management of Restenosis Group

i Revascularisation
B Major Amputation
H No Intervention
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ROLE OF INFLAMMATORY MARKERS

The basal hsCRP and Lp(a) levels were significantly higher in restenosis group
(114.98148.66 mg/L; 67+£88.5 mg/dl) in comparison to patent group (21.12+16.23
ma/L ; 31.31+24 4 mg/dl) of patients (p <0.0001 ; p = 0.03) (Figure 11 and 13). The
S. Fibrinogen was not significantly different in between two groups (331.031+66.03

mg/dl : 342.65+84.71 mg/dl) (p = 0.6) (Figure 15)(Table 9).

Similarly, at 6 months of the follow up the hsCRP and Lp(a) remained significantly
higher in restenosis group (7.7£10.01 mg/L; 31.43128.22 mg/dl) in comparison to
patent group (3+2.27 mg/L; 17.83+16.15 mg/dl) (p = 0.01 ; p = 0.03) (Figure 12 and
14). The S. Fibrinogen was not significantly different in between two groups at six

months (299.09+76.71 mg/d! ; 332.88+91.52 mg/dl) (p = 0.17) (Figure 16)(Table 10).

While comparing Lp(a) basal levels with that of at 6 months follow up between patent
(31.3x24.4 mg/dl; 17.8£16.15 mg/dl) and restenosis (67+88.5 mg/dl; 31.43+£28.2
ma/dl) group respectively, the difference was decreased significantly in patent group
but not in restenosis group at 6 months (p = 0.01 ; p = 0.12) (Figure 17 and

18)(Table 11).

All diabetic patients in restenosis group had HbA1c =7 with mean value decreased

from pre operatively value of 8.241.64 to 7.11£0.8 postoperatively at 6months.
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Table 9: Comparison of Basal Inflammatory Marker Levels Between Two

Groups
Basal Levels Patent Group Restenosis Group p
hsCRP(mg/L) 21.12416.23 114.9+48.66 <0.0001
S.
Fibrinogen(mg/dl) 331.03466.03 342.654+84.71 0.6
Lp(a)(mg/dI) 31.31£24.4 67+88.5 0.03
mean £ SD

Table 10: Comparison of Inflammatory Marker Levels At 6 Months Between

Two Groups
At 6 months Patent Group Restenosis Group p
hsCRP(mg/L) 3+2 .27 7.7+10.09 0.014
S.
Fibriiogenirmalel) 299.09+76.71 332.88491.52 0.17
Lp(a)(mg/dl) 17.83+16.15 31.4+28.2 0.03
mean + SD

Table 11: Comparison Of Lp(a) Levels At Basal And 6 Months Between Two

Groups
Basal Levels At6
Lp(a) (mg/di) Months(mg/d]) P
Patent Group 31.31+£24.4 17.831£16.15 0.01
Restenosis Group 67+88.5 31.4+28 2 012
mean £ SD
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Figure 11 : Comparison Of Basal hsCRP Levels Between Two Groups With
95% Confidence Interval (Cl) Error Bars
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Figure 12: Comparison Of hsCRP Levels At 6 Months Between Two Groups

With 95% CI
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Figure 13: Comparison Of Basal Lp(a) Levels Between Two Groups With
95% CI
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Figure 14: Comparison Of Lp(a) Levels At 6 Months Between Two Groups With
95% CI

Lp(a) at 6 months (mg/dl)

Lp(a) levels mg/dl
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Figure 15: Comparison Of Basal S. Fibrinogen Levels Between Two Groups

With 85% CI

S. Fibrinogen Levels mg/dl)
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Figure 16: Comparison Of S. Fibrinogen Levels At 6 Months Between Two
Groups With 95% CI
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Figure 17: Comparison of Lp(a) Levels In Patent Group of Basal And At 6
Months With 95% CI
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Figure 18: Comparison of Lp(a) Levels In Restenosis Group of Basal And At 6
Months With 95% CI
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Total 7 patients lost to follow up with primary patency of 60.9% and limh salvage of
93.6% at 9 months. 3 patients died due to cardiac cause in course of follow up (1 at

6 months and 2 at 9 months). Of the 3 who died, two were from restenosis group and

1 from patent group.
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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®. It is associated with a
high cardiovascular morbidity and mor’cali’cy2 and in its symptomatic form represents

an important cause of disability®’.

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*®*®2° However, the
percentage of reinterventions in these patients can be up to 40% in the first 6 months
after the initial procedure. The exact causes of these early failures are not well
understood. A previous study has shown that the initial inflasmmatory burden can

prognosticate the need for long-term reintervention and mortality in these patients *'.

Vascular wall injury during balloon dilation of the coronary and peripheral arteries
induces a perivascular inflammatory responsego'm'gz. The inflammatory process is a
trigger for vascular SMC proliferation and constrictive neointimal formation and thus
is involved in the pathogenesis of post angioplasty restenosis™. The pre procedure
CRP level has also been reported to be a risk factor for restenosis after coronary
angioplasty93‘94 and after PTA of the SFA%*%_ The data suggest that the effect of the
systemic inflammatory process on the results of EVT could be independent of the
effect that the surgical procedure can have on the inflammatory process at the

arterial wall®®,

Although the mechanisms of diabetic vascular disease remain incompletely
understood, considerable data suggest that hyperglycemia itself causes vascular
damage. Furthermore, the outcome of EVT in DM patients is not yet well known.

Some authors have found no difference in outcomes for DM patients undergoing
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EVT 5% whereas others have found worse results in these patients*'. 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 shown to be risk
factor for the development of subsequent PAD®. 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

triggered by the EVT itself and the risk of restenosis %%,

Previous studies have shown that the baseline CRP levels are predictors of adverse
events after percutaneous coronary interventions independent of diabetic status®'%
Primary prevention studies among healthy people have also shown significant
cardiac risk prediction by means of elevated CRP levels without correlation to

diabetes. These data appear to demonstrate that CRP levels predict cardiac risk

independent of diabetic status'®".

The pathophysiological reason for an association between CRP and EVT prognosis
is uncertain. However, data suggest that the effect of the systemic inflammatory
process on the results of EVT could be independent of the effect that the surgical
procedure can have on the inflammatory process at the arterial wall. Persistently
elevated CRP levels may represent either an ongoing inflammatory process or the
extension of atherosclerotic lesions in PAD. A growing body of evidence from human
studies'™ indicates that infammatory mechanisms contribute to the onset and
extension of the PAD. Elevated CRP levels may also affect coagulation through the
important role of tissue factor expression1°3. Thus, high CRP levels are implicated in

both development and post-therapeutic prognosis in PAD.
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Lp(a) is a heterogeneaus macromolecule consisting of a LDL molecule that contains
Apo B100 linked by a disulfide bridge to Apo A, which is a hydrophilic glycoprotein of

the plasminogen family®*32.

Lp(a) is less studied and its physiological role has not yet been entirely determined,
but it is considered a cause of endothelial dysfunction“. Lp(a) has a high affinity for
proteoglycans, which is probably why it is found in high amounts in atherosclerotic
plaques1°4. High plasma levels of Lp(a) are strongly associated with CAD'0%1%
stroke, and PAD*?'%. Although many recent reports have also demonstrated a
positive correlation between high serum Lp(a) levels (>30mg/dl) and restenosis after

37108 only Maca et al.*®*%® have reported a

percutaneous coronary interventions
similar strong relationship between Lp(a) and restenosis after peripheral PTA of the

femoropopliteal segment.

We compared our results with that of Bleda S et al % whose aim was to
determine the effect of inflammatory preoperative burden on the incidence of
reintervention and mortality after EVT and to investigate if DM has a bearing on
these results. 143 patients were included in the above mentioned study who
underwent EVT for Rutherford category 3, 4 and 5, of which 64.1% were diabetics
and 57.9% smokers. Distribution of revascularized lesion areas included the iliac
artery in 23 patients (16.1%), SFA in 66 (46.2%), PA in 8 (5.6%), infra popliteal in 16
(11.2%), and multilevel treatment in 30 (20.9%). In comparison, the present study
had 50 patients who underwent EVT were under Rutherford category 4, 5 and 6 with
88% being diabetics and 44% smokers. The lesion distribution of lesions — 8 (16%)
SFA intervention, 32 (64%) infra popliteal intervention and multilevel in 10 (20%)

patients.
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In the above mentioned study, 48 patients underwent reintervention (including target
lesion revascularization (TLR - physiological driven and amputation), whereas only 4
patients required reintervention (TLR- clinically driven) out of 17
restenosis/progression of disease as 65% of them were treated conservatively on
medical treatment as they were asymptomatic and wound had healed, in present
study. In Bleda S et al*® study, the basal levels of both hsCRP and S. Fibrinogen in
reintervention group were significantly high (p = 0.001 and p = 0.04 respectively), in
comparison to non-reintervention group. Also 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.). Similarly, in the present study hsCRP was
significantly high at both basal and 6months follow up (p = 0.0001 and p = 0.014
resp.,) in restenosis group when compared to patent group. The S. Fibrinogen levels
were not significantly different between two groups both at basal and at 6months

follow up (p = 0.6 and p = 0.17 respectively).

Another study was conducted by Bleda S et alss, to determine if CRP can
predict the outcomes of lower extremity EVT in patients with PAD and to calculate a
cutoff value that may be useful in identifying patients with a higher risk of EVT failure
at 1 year. It was a 2 year study, with 121 patients enrolled in the initial 18 months
under derivative set and another 33 patients under validation set enrolled in
subsequent 6 months. Patients with Rutherford category 6 were excluded from both
sets and 77.7% and 75.5% of the patients were with CLI in derivative and validation
set respectively. The distribution of target lesions in both sets was not statistically
significant. Of the 121 patients in derivative set 46 of them required reintervention
within 1year and CRP levels were significantly elevated at baseline and 1month after

the endovascular procedure (p <0.001). There was not a significant association
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between the incidence of reintervention and DM (HR 0.57, 95% CI| 0.4 to 1.2; p=0.2).
A greater incidence of secondary interventions was noted in patients with baseline
CRP levels 29.8 mg/L (65.5% vs.29.3%, p<0.01). Similarly in validation set a pre-
EVT CRP value 298 mg/L was significantly associated with a higher risk of
secondary intervention (p = 0.009). Likewise, basal CRP levels were a strong
independent prognostic marker of 1-year reintervention (HR 1.1; 95% Cl 1.02 to
1.18; p=0.008), similar to that shown in the derivation set According to study, the
baseline CRP level can predict the need for secondary intervention at 1 year, and
also CRP value at 1 month had a strong association with 1-year revascularization

events.

In comparison, the present study had all patients with CLI of whom 17 required
reintervention and hsCRP was significantly high both at pre-EVT and at 6 months
follow up period in comparison to patent group(p = 0.0001 and p = 0.014 resp.).
These findings are consistent with previous observations of elevated CRP values

reflecting the severity and extent of PAD.

The pathophysiological reason for an association between CRP and EVT
prognosis is uncertain. However, data suggest that the effect of the systemic
inflammatory process on the results of EVT could be independent of the effect that
the surgical procedure can have on the inflammatory process at the arterial wall. In
present study, we have compared different wound category mean hsCRP levels with
that of cohort mean and the independent group mean were not statistically significant
from that of cohort mean (Table 12). So, we had comparable cohort of patients in all
three groups in respect to wound category. It can be commented that systemic
inflammatory process has independent effect on the results of EVT in comparison to

surgical procedure.
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Table 12: Comparison Of Different Wound Category(as per WIFI staging)
hsCRP With That of Cohort

Wound grade hsCRP(mg/L) ﬁgg;g(m giL) P

0 13.846.4

1 40.7469 b8
53.0454.43

5 49.5446.27 R.ge

3 111.18467.3 D.88

mean + SD

Previous studies have shown that the baseline CRP levels are predictors of adverse
events after percutaneous coronary interventions independent of diabetic status®%.
Fournier JA et al'® had commented that patients receiving a conventional stent,

hsCRP values >2.5 mg/L at 30 days following the procedure seem to be associated

with a greater incidence of late MACEs.

Rudofsky G et al®®, conducted the study to evaluate any correlation of
fibrinogen and hematocrit with the early success of balloon angioplasty for PAD and
compared the outcomes of angioplasty in diabetic and non-diabetic patients. In 3
years study period, 330 patients were enrolled of whom 109 were diabetics and
27 6% had CLI. The distribution of lesion was 10.9% iliac, 33.2% SFA, 8.8% infra
popliteal and multilevel in 46.4% of patients. Fibrinogen concentrations significantly
affected the angioplasty success rate (p<0.03) both prior to and following adjustment
for PAD stage. Patients with failed angioplasty showed higher fibrinogen values
compared with patients in whom the procedure was successful. Regardless of the
PAD stage, diabetic and non-diabetic patients demonstrated approximately the same

success rate for percutaneous catheter interventions in the study. As for patients
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with severe PAD (stage llbc/ll/IV), diabetics showed significantly higher mean
fibrinogen values (p<0.044) and lower mean hematocrit values (p<0.022) in cases of
successful interventions compared with non-diabetics. In unsuccessful interventions,
no significant differences were observed between non-diabetics and diabetics for

either parameter. (Table 13)

Table 13: Fibrinogen and Hematocrit Values Following Successful and Failed
Angioplasty in Advanced PAOD (Stages IlI/IV)

Successful Angioplasty Failed Angioplasty

Fibrinogen Hematocrit, Fibrinogen Hematocrit,(%)

(mg/dl) (%) (mg/dl)
Diabetics 504.3£183.8 36.845.1 515.84202.3 36.316.4
Non diabetics  439.9+1251 39.846.9 557.3+220.9 39.04+6.0

mean = SD

In comparison, the present study included 50 patients among which 88% were
diabetics and all of them had CLI with 8 (16%) cases required SFA intervention,
32(64%) cases had infrapopliteal intervention and multilevel treatment in 10
(20%)cases. The basal S. Fibrinogen levels in both patent and restenosis group was
331.03+66.03 mg/dl and 342.65+84.71 mg/dl respectively which was not statistically
significant (p = 0.6). Even at 6 months the S. Fibrinogen levels were not significantly

different in between two groups (299.09+26.17mg/d| ; 332.88+43.5mg/dl) (p = 0.17).
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Giovanetti et al ®

. conducted the study with the purpose to evaluate the
influence of serum lipid subfraction concentrations on arterial patency after PTA in
patients with infrainguinal PAD. It was a prospective study with 39 patients among
whom 73.2% were diabetics and 90.3% were having CLI. The majority (34, 83%) of
patients in the study had tibial lesions treated; more than half (26, 63%) had multi-
segment treatment. They have documented the primary patency of 64.1% at 6
months, and showed that restenosis at 6 months was significantly related to HDL-C
<40 mg/dL (HR 86.9, 95% Cl 6.4 to 1183.1, p=0.001), LDL-C =100 mg/dL (HR 9.6,
95% Cl 1.6 to 57.4, p=0.013), and Lp(a) >30 mg/dL (HR 6.1, 95% CI 1.4 to

26.3,p=0.016).

When comparing this cohort of the patients with our present cohort they were
comparable as we had 88% diabetics and all with CLI and the results were quite
comparable in terms of primary patency being 60.9% at 6 months. The restenosis
group of patients had significantly higher Lp(a) both at pre EVT and at 6months in

comparisaon to patent group (p = 0.03 and p = 0.03 resp.). (Table 14)

Table 14: Comparison Between Giovanetti et al And Present Study

Parameters Giovanetti et al[9] Present Study

Total Patients 39 50

Age(years) 68.6+10.1 65.4 + 10.51

Diabetes 30(73%) 44(88%)

Critical Limb Ischemia 90.3% 100%

Primary Patency at 6 64.1% 60.9%

months

Lp(a) (>30mg/d]) p=0.016 vl i
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Gary T etal ™

, conducted a study to evaluate the assaociation between plasma
lipoproteins with the development of SFA in-stent restenosis and reocclusion in
patients with PAD. 139 patients with PAD requiring secondary stent implantation in
the SFA were included over 2 years period of which 35% were diabetics and 36%
had CLI. 72 patients had developed restenosis over 12 months follow up period. In
patients who had developed recurrence, the mean apo B level (105.8 £ 30.7 mg/dI)
was significantly higher compared to patients with no recurrence (94.9 + 29.7 mg/dl)
(P<0.05). They demonstrated that increased levels of apo B were associated with

the development of hemodynamically significant restenosis after stenting of the SFA

within 1 year of follow-up.

In comparison, the present study has shown the similar results with significantly high
levels of Lp(a) in restenosis group both at pre-EVT and at 6months in comparison to

patent group of patients. (p = 0.03 and p = 0.03).

Studies to determine the effect of statins on Lp(a) levels have had mixed
results "%1"% With atorvastatin, Gonbert et al'™ found a significant reduction of Lp(a)

levels using 10mg/day over a six-week period. A similar result was reported by van

|113

Wissen et a in patients with familial hypercholesterclaemia taking 80mg of

atorvastatin for 12 months. However, other authors have failed to find any effect of

115,116

atorvastatin in lowering Lp(a) levels , and have even reported an increase """ in

the level of Lp(a).

Although the mechanisms by which atorvastatin reduces Lp(a) levels remain unclear,
both lipid and non-lipid pathways may be involved. Lp(a) can be catabolized by the
LDL receptor, but its affinity for the LDL receptor is considerably lower than that of
LDL"81%  As previously demonstrated, LDL-cholesterol levels are independently

120

related to Lp(a) concentrations <", it is possible that the decrease in LDL cholesterol
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with atorvastatin therapy contributes to the reduction in Lp(a) levels. However, in
multivariate analyses, the decrease in Lp(a) was not associated with LDL-cholesterol
reduction. In addition, there was a delayed decrease in Lp(a) (after 12 weeks of
treatment) compared with reductions in LDL cholesterol (after four weeks of
treatment). Thus, Hernandez C et al''® suggested a direct inhibitory effect of

atorvastatin on Apo(a) expression.

Hernandez C et al'"®, conducted a study with an aim to determine the effect
of atorvastatin therapy on plasma Lp(a) and biomarkers of inflammation in
hypercholesterolaemic patients free of cardiovascular disease. |t was a three-month
randomized, double-blind, placebo-controlled trial in which 63 hypercholesterolaemic
patients were randomly treated with either placebo or atorvastatin (10 or 40mg/day)
for 12 weeks. Lp(a) and biomarkers of inflammation (CRP,IL-6 and -10, and tumor
necrosis factor-alpha receptors [TNF-Rs]) were measured at study entry, and at four
and 12 weeks of follow-up. At the end of follow up there was significantly low Lp(a)
levels in patients on atorvastatin (10mg/day and 40mg/day) in comparison to them
those who were on placebo. (10 [1—41]mg/dL versus 6 [1-38]mg/dL [p =0.02] and 21
[1-138]mg/dL versus 15 [1—103]mg/dL [p =0.04]. Their results suggest that 12-week
of atorvastatin therapy is effective in reducing Lp(a) in dyslipidaemic patients free of
CVD.

Wissen S et al '

, conducted a study to investigate Lp(a) concentrations in
relation to statin treatment and the progression of atherosclerosis in a large cohort of
familial hypercholesterolaemia (FH) patients. |t was randomized and double blind
trial with 325 patients included in study. At baseline, median Lp(a) concentrations

were 327 mg/l and 531 mg/l in the atorvastatin and simvastatin arms, respectively (p

= 0.03). In the atorvastatin arm, Lp(a) concentrations decreased to 243 mg/l after
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one year (p < 0.001) and to 263 mg/l after two years (p < 0.001). In the simvastatin
arm, Lp(a) concentrations decreased to 437 mg/l after one year (p < 0.001) and to
417 mg/l after two years (p < 0.001). The difference in Lp(a) reduction between the
two treatment arms was significant after one year (p = 0.004), but not after two years
(p = 0.086). They concluded that long term statin treatment significantly lowers Lp(a)

in FH patients.

In comparison to both above studies, the present study shows that while comparing
Lp(a) basal levels with that of at 6 months follow up between patent (31.3£8.32 mg/d|
. 17.845.51 mg/dl) and restenosis (67142.07 mg/dl ; 31.43£13.4 mg/dl) group
respectively, the difference was decreased significantly in patent group but not in
restenosis group (p = 0.01 ; p = 0.12) with all the patients on atorvastatin 20mg for 6
months. There was a decreasing trend of Lp(a) levels in patients with restenosis
from baseline (67+42.07 mg/dl) at 6months (31.43+13.4 mg/dl) but was not
significant. This can be explained on the basis that the same dosage of atorvastatin
may not be adequate for the patients with high basal Lp(a) levels. So, the dosage of
atorvastatin should be individualized as per the patient's Lp(a) basal levels, but this
should be assessed with a large cohort of the population study as our present study

consist of small cohort.

O'Connor D et al ®, conducted the study to determine if the level of HbA1c
has any effect on disease severity in diabetic patients with limb threatening ischemia.
It was a retrospective analysis with 1year study period of 73 patients among whom
36 had HbA1c >7 and rest 37 had <7(mean 7.64 + 2.04, range 5.1-14.7). They
concluded that glucose control measured by HbA1c does not appear to affect
severity of disease or need for reintervention in diabetics with limb threatening

ischemia. This suggests other factors related to diabetes may play a role in
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peripheral vascular disease. Larger, prospective studies are needed to assess the
affect of glucose control in limb threatening ischemia. In present study, all diabetic
patients who had restenosis were having HbA1c>7 and mean value decreased from

8.2+1.64 to 7.1£0.8 postoperatively at 6months.

The current study shows that baseline levels of hsCRP and Lp(a) are significant risk
factors of a worse prognosis of EVT in patients with CLI with S. Fibrinogen being non

significant marker of restenosis.
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Conclusion

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.
Persistently elevated hsCRP levels may represent either an ongoing inflammatory
process or the extension of atherosclerotic lesions in PAD. Whether circulating hsCRP
serves just a marker or plays a direct biologic role in lesion development remains an
area of active investigation. All previous data suggest that the prognosis of EVT is
marked by the previous inflammatory load. Data also suggests that the effect of the
systemic inflammatory process on the results of EVT could be independent of the effect

that the surgical procedure can have on the inflammatory process in the arterial wall.

In conclusion, as per the present study, baseline levels of hsCRP and Lp(a) are
significant risk factors for restenosis in patients undergoing infra inguinal lower limb
endovascular therapy for critical lower limb ischemia, S. Fibrinogen being a non

significant marker of restenosis.

An imbalance in the lipid profile could be a major reason for the development of
restenosis after revascularization in PAD patients. Lipid-lowering therapy and
monitoring of lipid parameters should be considered in all PAD patients, especially after
endovascular treatment. Various studies have determined the effect of statins on Lp(a)
levels and many have also reported about reduction in Lp(a) levels by statins over

longer period of treatment.

From the present study, we can infer that statin therapy dosage should be individualized
according to the pre operative levels of Lp(a), but this should be assessed with a larger

cohort of patients.
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All diabetic patients who developed restenosis were having HbA1c levels >7. Moreover,

DM patients are a heterogeneous group, and further investigation is required to

understand better, the impact of DM on PAD and on the outcomes of EVT.

Multi centric studies with larger sample sizes are required to determine the value of
these specific markers that will mandate us to take an aggressive medical therapy
before undertaking EVT as the success of therapeutic procedure is determined and

sustained by good medical management.
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Summary

We conducted a prospective, non randomized and single centre study to determine the
effect of pre operative levels of hsCRP, S. Fibrinogen and Lp(a) on primary patency
following technically successful EVT for infrainguinal PAD (Rutherford Category |V, V,
VI)*®. To summarize our results total 50 patients (38 males ; mean age of 65.4+10.5
years) underwent technically successful EVT of which 44(88%) were diabetics and
22(44%) being smokers. The mean hsCRP value of wound characteristic stage (WIFI
classification) 1, 2 and 3 were not statistically different from the cohort mean of hsCRP
(p = 068, p = 066, p = 0.08). Among 50 patients, 17 patients had (restenosis/
progression of disease) of which 5 had restenosis, 8 had progression of disease in
same vessel with restenosis of treated vessel and rest 4 had developed progressive
disease at different level. Among 17, 65% (11) were treated non operatively with
medical management only as they were asymptomatic and wound got healed; 4
patients underwent revascularization and 2 patients ended up with major amputation
with one had minor amputation in open group. 7 patients lost to follow up with primary

patency of 60.9% and limb salvage of 93.6% at 9 months.

The basal hsCRP and Lp(a) levels were significantly higher in restenosis group in
comparison to open group of patients (p < 0.0001 ; p = 0.03). The S. Fibrinogen was

not significantly different in between two groups (p = 0.6).

Similarly, at 6 months of the follow up the hsCRP and Lp(a) remained significantly
higher in restenosis group in comparison to open group (p = 0.01 ; p = 0.03). The S.

Fibrinogen was not significantly different in between two groups at six months (p =

0.17).
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While comparing Lp(a) basal levels with that of at 6 months follow up between open and
restenosis group respectively, the difference was decreased significantly in open group
but not in restenosis group at 6 months (p = 0.01 ; p = 0.12). There was a decreasing
trend of Lp(a) levels in patients with restenosis from baseline (67t42.07 mg/dl) at

6months (31.431£13.4 mg/dl) but was not significant.

All diabetic patients in restenosis group had HbA1c >7 with mean value decreased from

pre operatively value of 8.2+1.64 to 7.110.8 postoperatively at 6months.

Thus we conclude that baseline levels of hsCRP and Lp(a) are significant risk factors for
restenosis in patients undergoing infrainguinal lower limb EVT for CLI , S. Fibrinogen
being a non significant marker of restenosis. Also we can infer that statin therapy
dosage should be individualized according to the pre operative levels of Lp(a), but this
should be assessed with a larger cohort of patients. Finally, we will like to recommend
regarding the measurement of these specific markers that will mandate us to take an
aggressive medical therapy before undertaking EVT as the success of therapeutic

procedure is determined and sustained by good medical management.
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