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ABSTRACT 

BACKGROUND 

Atherosclerosis is a gradually progressing disease over several decades before signs 

and symptoms. It would be too late by the time complications arise as it's a silent disease and 

would have already caused irreversible histological alterations.Chronic kidney disease is one 

of the major risk factors for developing cardiovascular diseases. There is limited data about 

the co-relation between USG measures of the femoral artery of peripheral vascular disease & 

renal functional status. This research hence will help us in the establishment of a relationship 

between femoral IMT with CKD. Also, IMT assessment might help in earlier detection of 

atherosclerotic plaques & hence PVD.Cost-effectiveness, patient ease, reduced radiation risk 

has made femoral Doppler ultrasonography a preliminary investigation in assessing 

peripheral vessels.This study was done to study the relationship between femoral artery 

intima-media thickness and atherosclerosis in patients with chronic kidney disease using 

femoral Doppler ultrasonography with an aim to identify the pathology  early, which will 

reduce the morbidity and mortality in the patients. 

MATERIALS AND METHODS 

 This is a cross-sectional study carried out on 99 patients who were known cases of 

chronic kidney disease who satisfied the inclusion criteria.After obtaining informed written 

consent, baseline data was collected on a predesigned proforma and then all the patients 

underwent femoral artery ultrasonography on GE VOLUSON 8 machine (GE Healthcare, 

USA) fitted with a linear array transducer of 7.5-12 MHz high frequency.The findings of the 

Doppler ultrasound were assessed and analyzed. 
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RESULTS 

• 99 CKD cases were included in this study, who underwent femoral Doppler 

ultrasonography,of which 46 had a symptom of edema, and 22 had symptom of 

decreased urine output. It was found that males were affected more as compared to 

females.Maximum numbers of cases with raised IMT were in the age group of 61-70 

years,however all the subjects of age group of 71 to 80 years had raised IMT,making 

it the vulnerable age group.Out of 99 subjects, 69 patients had raised IMT and 30 

patients had normal IMT. The overall prevalence of atherosclerosis in the given 

study group was found to be 69.70 %. CKD Stages 4 & 5 had the highest prevalence of 

thickened IMTs.Higher prevalence of raised IMT among diabetics (75.0%). None of 

the CKD Stages had any significant co-relation with PVD.A significant association 

between lower eGFR values and higher triglyceride levels was found in the study. Very 

high prevalence of anemia among CKD patients of our study.  

 CONCLUSION 

 Colour Doppler ultrasonography is the safest and first-line investigation for 

evaluation of peripheral vessels since its non-invasive, economic, and devoid of any 

radiation. This study establishes evidence of the atherosclerotic prevalence in the form of 

raised IMT in patients suffering from CKD. This underlines the importance for early 

detection of raised IMT in CKD and its management to prevent progression to complications. 

KEYWORDS: Doppler ultrasonography of femoral artery, atherosclerosis in CKD, 

Prevalence. 
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INTRODUCTION 

Chronic renal disorder refers to the gradual loss of renal function over a long period, 

maybe months to years. 

 It arises when one or both of the following conditions are seen:  

-When there is renal damage for more than 3 months, that is by renal anatomical or 

physiological dysfunction in addition to reduced or a normal eGFR or, as seen either by 

pathological/biochemical disturbances / by renal damage markers, with urine /blood 

abnormalities or imaging abnormalities.1 

-When the GFR is less than 60 ml per min per 1.73 m2 for more than 90 days having 

renal damage or without it. 

Chronic kidney disease is divided according to GFR value and the presence or absence 

of proteinuria.1 

Stage 1: No decrease in GFR but with renal abnormalities.  

Stage 2: Mild CKD with an estimated GFR of 60 to 89 ml per min per 1.73 m2 and renal 

abnormalities.  

Stage 3: GFR = 30 to 59 ml per min per 1.73 m2. 

Stage 4: GFR = 15 to 29 ml per min per 1.73 m2. 

Stage 5 is renal failure: GFR of less than 15 ml per min per 1.73 m2. 

Diseases with a longer prevalence are one of the leading causes of deaths and diseases 

worldwide. Exact prevalence of chronic renal disorder is not known in Indian 

subcontinent since not many longitudinal studies have been done. As per a few studies, 

however, it is estimated approximately to be 800 /million population. Most frequent 

cause is diabetic nephropathy as found by community-based studies.2 
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Atherosclerosis is defined as a disease of occlusion of the vessels that results from an 

accumulation of lipid-laden plaques. The people at risk are elderly, one with long-term 

high blood pressure, uncontrolled sugars, hyperlipidemia, tobacco consumption, etc.  

Atherosclerosis is a major mortality factor in India, commonly noticed with chronic 

kidney disease (CKD) patients. CKD-related metabolic abnormalities, endocrine 

abnormalities, and inflammatory conditions have also been known to play a role in 

atherosclerosis in cardiac disorder patients.3  

Such abnormalities occur way prior in the pathway of chronic renal disorder along with 

usual inciting factors that further add to formation of plaques /arteriosclerosis. 

Previously capability of vascular ultrasound of carotid arteries predicting cardiovascular 

disease has been subject to research. As of now, thickness of intima-media measured by 

USG is thought to represent the substitute indicator of vascular disease.  

There is limited data about co-relation between USG measures of femoral artery of 

peripheral vascular disease & renal functional status. This research hence will help us in 

establishment of a relationship between femoral IMT with CKD. Also, IMT assessment 

might help in earlier detection of atherosclerotic plaques & hence PVD. 
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AIM: 

 

 To study the association between femoral IMT of chronic kidney disease patients 

with or without dialysis. 

 

 

OBJECTIVES: 
 

• To assess the femoral vessel IMT in CKD subjects. 

• To calculate the estimated eGFR in CKD patients & analyze the relationship of 

femoral IMT in subjects with low eGFR. 
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REVIEW OF LITERATURE 

The external iliac artery gives rise to common femoral artery (CFA) at the level of the 

inguinal region. In the inguinal crease, CFA passes below inguinal ligament. There seem 

to be variation in diameter and its linear measure of it as per demography of the person.4 

DIVISION: 

The CFA divides itself into superficial and profunda femoris artery. The superficial 

branch becomes popliteal artery after passing through adductor hiatus. In the thigh 

region, the deeper branch gives off many penetrating end arteries. 

Before CFA divides into (Superficial femoral artery) SFA & (Deep femoral artery) DFA, 

it gives off superficial epigastric & superficial circumflex artery, external pudendal 

artery. 

SUPPLY: 

The SFA has important task of supplying blood to the entire lower leg. Descending 

genicular artery arises from it in the knee region which vascularizes part of the knee. As 

it descends it gives minor branches to the thigh musculature. Once present in the 

adductor hiatus, it now forms popliteal artery. Lateral & medial circumflex arteries arise 

from DFA. The Medial branch supplies femur head region, trauma to which leads to 

avascular necrosis. Lateral branch gives supply to hip joint. DFA ends as perforating 

branches distally.5 

CLINICAL IMPORTANCE: 

Femoral artery is important because it is a common cause of vascular disorders that can 

cause claudicating symptoms in the leg region and is the initial access site for a lot of 

interventional procedures. 

Clinical features of (Peripheral arterial disease) PAD of CFA or SFA include 

claudicating pain of thigh or calf region, loss of warmth, discolored feet, poor wound 

healing of the lower extremity, loss of touch sensitivity, and in progressed stage digital 

necrosis /gangrene might happen.6 
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Comorbidities that increase the risk of a PAD patient include old age, increased BMI, 

uncontrolled sugars, high blood pressure, hypercholesterolemia, coronary disease, 

sedentary habits, and tobacco consumption. 

VASCULAR ANOMALIES AND VARIATIONS: 

Most variants are benign; however, few are considered life-threatening: 

• Variability of origins of distal-most branches of femoral artery 

• Doubled or non-visualization of DFA, medial & lateral circumflex branches, 

arising off CFA, SFA instead of the DFA. 

• Variation in the level of CFA bifurcation 

• Persistent sciatic artery- in this case, it acts as dominant vessels of lower limb and 

can have increased rates of life-threatening complications like aneurysm or 

thromboembolism 

• Duplicated SFA7 

 

Fig.1: Diagrammatic illustration of Femoral artery anatomy 
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Microscopic anatomy of the carotid artery wall:  

Arteries are categorized as follows according to their size and function: 

(i)  Arteries that are large and has high elasticity 

(ii) Moderate sized muscular arteries 

(iii) Small-sized arteries and blood vessels 

The artery wall consists of three strata as follows: 

(i) Tunica intima: This is the artery's innermost stratum lined by flat endothelial 

cells. 

(ii) Tunica media: This is the mid-layer of the artery which is composed of 

smooth muscles, elastic fibers that are accountable for the stretch-ability of a 

vessel during systole and diastole recoil. 

(iii)  Tunica adventitia: It is made of collagen and elastin which anchors arteries to 

the adjacent structures.8 

Fig 2: Diagrammatic illustration of strata of walls of an artery. 
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Atherosclerosis is a gradually progressive disease characterized by the accumulation of 
lipids and fibrous elements in the arteries.9 

Usual vascular structures which show signs of atherosclerosis are three, they are  

1) Carotid arteries 2) Coronary arteries and 3) peripheral arteries. 

EPIDEMIOLOGY:  

In the last 10 years, with the increase in longevity and prevalence of lifestyle diseases, an 

increase in prevalence of CKD by 30% is noted among US citizens. However, no such 

longitudinal study has been done in India and there's no much information about CKD 

prevalence .10 

However, according to SEEK research (2013) done in Indian continent, the prevalence of 

different stages of CKD was as follows: 

CKD stage 1 - 7% 

CKD stage 2 - 4.3% 

CKD stage 3 - 4.3% 

CKD stage 4 -0.8% 

CKD stage 5 - 0.8%, accordingly. 11  

 But the numbers did not accurately represent Indian population. In another study done in 

rural India, the CKD stage 3 prevalence was 6.3 % which was the maximum found so far 

from any epidemiologist of India .11 

The longevity of the Indian population raised from 41.38 years (1960) to 66 years 

(2013), hence also hypertension or diabetes prevalence. Hence as in developed countries, 

the CKD prevalence might increase constantly in coming days.12 
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In a study done by Ana planca et al, increased prevalence of sub-clinical atherosclerosis 

was seen in CKD patients, also it accelerates fast in patients with diabetes mellitus 

(DM)13. It was also found that DM surpasses the other risk factors of CKD14 

Pathophysiology: 

Classical & Emerging risk factors: 

                  Classical                      Emerging 

 Age  Mineral bone metabolism 

Male Vascular calcification 

High blood pressure Uremic toxins 

Smoking Abnormal lipid modifications 

High cholestrolemia Inflammation 

Diabetes mellitus Oxidative stress 

Sedentary lifestyle Endothelial dysfunction 

CKD patients didn't have the same predictive value for usual risk factors as that 

responsible for cardiovascular morbidity, especially in advanced stages of CKD, as in 

general population. This points out that additional pathological processes may have a 

role in emerging risk factors. However, the molecular pathways that initiate risk factors 

of CKD are poorly specified. Despite this, a small number of genes were differently 

expressed in non-pathological arteries of advanced CKD patients than the individuals 

with normal kidney function.15 
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Of the genes that undergo a process of modulation process, 23 genes underwent down-

regulation and 8 genes underwent up-regulation, and the gene expression was not always 

reflected with corresponding changes in cellular protein.16 

 

Fig 3. Diagrammatic illustration of factors affecting atherosclerosis in CKD. 

MBD- mineral and bone disorder; and PTH- parathyroid hormone.
 

The above figure also shows relationship of albuminuria with GFR. GFR was graded as 

G1-G2 representing the preserved GFR, i.e. Glomerular filtration rate more than 60 

mL/min/1.73 m2 and G3-G5 representing the advanced GFR, i.e., Glomerular filtration 

rate less than 60 mL/min/1.73 m2. The amount of protein excretion increases with 
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decreased glomerular filtration rate. In divisions G1-G2 the albuminuria was more, i.e. 

nephrotic syndrome, and independent in divisions in G3-G5.17 

Mineral bone metabolism derangements: 

Many studies have analyzed the relationship between mineral bone metabolism and 

CKD-related vascular injury and favor the hypothesis of calcium deposition in the 

vessels.18,19,20 But still there is  a dilemma if wall calcification is seen in patients with 

CKD to be assumed as an atherosclerotic process like that of as in community or as an 

entirely separate entity that is CKD specific.21 

In large-sized arteries, the atheromatous plaques are associated with vascular 

calcifications, and in small-sized arteries which have plenty of vascular smooth muscle 

cells have wall (intima-media) calcification without atheromatous plaques.21, The process 

of wall calcification starts in an early stage of CKD( CKD category G1) there is 

decreased production of phosphaturic factor Klotho by kidney starts even when the GFR 

is still normal but albuminuria is present.21   Inflammation process and albuminuria 

themselves are Klotho suppressors. Decreased production of Klotho factor results in 

increase production of FGF23, which is already increased in vascular calcification and 

CKD G2.21  

Coming to vessel wall calcification, occurs due to instability of Ca2+  and PO4-   ions in 

the circulation along with altered differentiation of VSMC to osteo or chondroblast 

cells.21  The  Ca2+ &  phosphatic ionic changes occur due to the inability of the kidney to 

contribute to calcium and phosphate homeostasis and lack of calcium supplementation 

with vitamin D drugs.17 The altered derivation of VSMC happens because of multiple 

external stimuli like bio-active metabolites, uremic toxins, and paracrine signals from 

macrophages or autocrine signals from stimulation of native cells.22-25 
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Also, it's been found that phosphate and calcitriol directly change the phenotype of 

vascular smooth cells which contributes to the pathophysiology.26-29 

According to the NEPHRONA study which is a multi-center observational study, it was 

found that increased phosphate levels were linked with atherosclerosis prevalence in 

advanced chronic renal disease stages, i.e. G3, G4 & G5, whereas increased hs-CRP was 

found in CKD category G4, G5, and decreased vitamin D in CKD category 5D30. But the 

evaluation of peripheral arterial disease by indirect methods like by Ankle-brachial index 

(ABI) gave similar results but not conjoining results altogether.30,31 Hence here we 

highlight the importance of evaluating peripheral arterial disease by direct plaque 

measurement rather than indirect method. 

Hyperlipidemia and atherosclerosis in CKD: 

Hyperlipidemia is one of the main causes of atherosclerosis but not the whole reason for 

atherosclerosis in the community. The molecules at blame are the altered or oxidized 

lipoproteins that have interaction with vascular cell receptors resulting in vessel 

damage.32,33 

In CKD, an increase in quantity of usual lipids was not prone to atherogenesis34,35. Also, 

it was found that there was a relationship between increased triglyceride levels and sub-

clinical atherosclerosis in CKD category G3, but the total cholesterol level had a poor 

association with the presence of atheromatous plaque in CKD category 36.  

On the other hand, there was an association between qualitative changes in lipid 

spectrum and atherogenesis. Hence, in CKD there was a link with deposition of VLDL 

(very low-density lipoprotein), decrease in LDL particle size, variation in triglyceride 

and cholesterol components of HDL & LDL.37 Other pathological processes that 
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contributed to the qualitative changes in lipid spectrum were carbamylation, glycation, 

and oxidation of LDL & HDL which are involved in activation of pro-inflammatory 

pathways and receptors.38-42 

Inflammation and vascular insult: 

 Inflammation has now been considered as the main process for atherosclerosis and for 

obvious reasons systemic inflammation is been characterized in CKD.43-46  In advanced 

CKD the pro-inflammatory changes were increased blood levels of CRP and cytokines, 

activated macrophages, native vessel cells, and increased ROS( reactive oxygen 

species).44,47-51 

Cellular aging has been linked to the process of vessel wall insult due to uremia which 

presents as decreased ability to regenerate, cessation of physiological functions, 

concentration of oxidative damage & nuclear molecules.37, 52, 53 

The crucial role of the endothelium in vessel damage in CKD: 

The endothelium has a very important role in maintaining homeostasis of the 

cardiovascular system with involvement of balance between cell death and aging.54,55  

Uremic toxins and inorganic phosphates seem to cause disturbance in endothelial 

dysfunction.56-58 

When endothelial damage occurs in CKD, there seems to be a release of micro-vesicles 

and miRNA92a (a kind of miRNA) which in turn cause further vessel damage. 59,60 

Additionally there is seen increasing levels of   vascular endothelial growth factor 

(VEGF) in later stages of CKD. 
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Prevalence of atherosclerosis in CKD:  

Atherosclerotic prevalence in CKD has been studied using various methods.17 Lot of 

researches proved that subjects with chronic renal disorder have high degree coronary 

artery disease along with an increased number of calcified plaques, increased intima 

medial wall thickness, and wall calcification as compared to non-CKD patients.61-63 

Kato et al proved CKD subjects were having raised lipid indices, increased calcium, 

disruption of plaque, and crystals of cholesterol.64 

Ankle-brachial index: 

The most frequent cause of amputation of advanced CKD is peripheral artery disease.17 

The index used for assessing this is an ankle-brachial index, and an index value of < 0.9 

is considered for diagnosis.65 The value of more than 1.4 suggests that there is increased 

stiffness of vessels66 and calcification67. For more than 40 years this index has been used 

for peripheral arterial disease68, however, this index is considered less sensitive in the 

early stage of PAD, where there is earlier development of atherosclerosis and vessel 

dysfunction than a lower ABI since it needs a plaque that's sufficiently occlusive enough 

to decrease blood pressure distally. Also using ABI in CKD patients is troublesome as 

there is a higher chance of them having stiff arteries, leading to a lower sensitivity of 

ABI.69-72 

Carotid and femoral atherosclerosis: 

Many studies have shown that there is an association between increased carotid IMT 

(cIMT)73,74 and decreased kidney function, in fact, it has been proved many times that 

there is a faster increase in cIMT.75 
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However, in contrast to carotid atherosclerosis, femoral atherosclerosis has been less 

studied. CKD was quantifiably having association in relation to plaque prevalence of 

femoral artery, even in subjects with normal ABI.76  

Observational studies on atherosclerosis progression in CKD: 

The chronic renal disease seems to affect two or one of the processes:  

1)A gradual asymptomatic process of setting up of atheromatous plaques, and 

2)Symptomatic process of thrombus formation that results in occlusion which is 

triggered by endothelial injury77 

Few studies outside the NEPHRONA cohort, have mentioned plaque progression and 

significance of sub-clinical atherosclerosis.78,79 In a study done in Canada, showed that 

plaque progression rate was slower in CKD category G4 as compared to CKD category 

2-3a.80  Thus even with the conclusion about the association of  CKD  with increased 

cardiovascular risk, there is limited data about atherosclerosis progression and its 

prevalence in chronic renal disease, also there was no definite conclusion on whether the 

end-stage renal disorder was having an association of raised or decreased atherosclerosis 

progression.80,81,82 

Though in advanced CKD patients, atheromatous progression is well associated with 

cardiovascular risk than a number of plaques, it was seen that the progression in CKD 

patients was mostly in those who already had atherosclerosis.83 

The NEPHRONA cohort, also showed that in 69% of CKD patients there was 

atheromatous progression who had a baseline plaque, and in 40% of CKD patients 

without baseline plaque83 
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Diagnostic modalities: 

Diagnostic modalities used in the evaluation of femoral vasculature: 

1. Intra-arterial contrast study of vessels or Conventional angiogram 

2. CT angiogram 

3. MRI angiogram 

4. Duplex USG 

Conventional angiogram: There is a still need for Angiography in PAD evaluation and 

is mainly used if an intervention is planned. It gives complete details regarding vessel 

details and is regarded as the benchmark diagnostic test for peripheral arterial diseases.    

The vessel with atherosclerosis in angiography appears irregular, tortuous with 

atheromatous plaque and stenosis of the lumen. 

Advantages: 

i. It allows the study of the entire lower peripheral vascular system 

ii. Plaque shape and size with collateral formation if any can also be assessed 

correctly. 

Disadvantages: 

i. Invasive 

ii. Costlier  

iii. Neurological complications can be a risk sometimes 
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Computed tomographic angiography (CTA):  

 Its gives considered as an excellent aid for the assessment of femoral or other peripheral 

arterial occlusion and in the grading of a degree of stenosis, However it does have some 

disadvantages like the need for more contrast material, need for syncing between contrast 

administration and image acquisition & need of an advanced CT machine with post-

processing methods for better image reconstruction. 

MR angiography (MRA): 

 Various techniques are used for MRI angiography: 

• Time of flight MRA (TOF-MRA),  

• Black blood MR angiography (BBMRA)  

• MR angiography for phase-contrast (PC MRA) 

Among these Time of flight, MRA is preferred. 

It helps in the diagnosis of the disease and interventional planning if required. 

Bosma et al. did a comparison of Magnetic Resonance angiography with classic vessel 

study in terms of economic benefit & life quality. The study found that though MRA was 

nearly 20% cheaper, the study didn’t find much difference in the quality of life84. 

Advantages: 

• Assessment of both large and small vessels can be done. 

Disadvantages: 

• Expensive, time-consuming  

• Not universally available. 

• Difficult in severely morbid patients or one with a pacemaker and underwent 

implant surgery recently. 



Review of Literature 

17 
 

Doppler ultrasonography: 

It's a safer, non-invasive, cheaper technique and doesn't use a contrast agent. 

Duplex ultrasound uses both B-mode and pulsed Doppler mode. B-mode stands for  

"brightness mode", it provides real-time images in greyscale. Pulsed Doppler mode 

measures flow dynamics in vessels. To check the presence or to analyze the severity of 

PAD in lower limb arteries, a high-frequency probe is used since it has a good spatial 

resolution for superficial structures. 

Doppler physics: 

Doppler effect was first described by Australian physicist Johann Christian Doppler in 

1842. 

Principle: 

The Doppler effect can be described as a frequency difference in the detected sound 

while the source or the indicator is moving. Clinically, a Doppler shift happens when 

reflectors move relatively with the transducer.  The difference between receiving and 

transmitting frequencies is known as Doppler shift frequency. 

The analysis uses this theory, that is, the velocity increases when a vessel is narrowed 

Duplex ultrasound of lower limb arteries allows their direct visualization. The vessels are 

classified into four groups85.  The first group has 1-19 % stenosis, which is considered 

normal, next is 20-49%, followed by 50-99% stenosis, and lastly full occlusion. The 

knowledge about the location and severity of stenosis helps the clinician to decide the 

therapy needed as, either no treatment needed medical treatment or invasive treatment 

like in that of bypass surgery86. A study done by Whelan et al. showed it was 95% 
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sensitive and   99 % specific for patency versus occlusive disease, 92% sensitive, and   

97 % specific for hemodynamically important lesions87. 

 

Fig 4: Diagrammatic illustration of the equation of Doppler study 

The doppler shift frequency is given by: 

 

θ is an angle formed between the flow direction and the ultrasound beam's axis. 

FT-FR is a difference in frequency that is sent and received 

V is the speed of fluid 

C -speed of sound in tissue 
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DIFFERENT DOPPLER MODES USED: 

The most commonly utilized imaging modality for detecting atherosclerosis in PVD is 

duplex or dual ultrasound. Other modes are continuous doppler & pulsed doppler. 

DUAL ULTRASOUND MODE: 

 It uses a regular mode scanner combining integrated Doppler mode. Anatomical 

structures are best delineated by a high-resolution B-mode scanner whereas the Doppler 

analysis gives information about the blood flow and movement patterns. 

Barber et al, first described duplex sonography in 1974, which displays the real-

time image simultaneously with pulsed wave Doppler wave-forms. 

INTERPRETATION: 

 A complete and detailed vascular study plays a vital role in determining the 

disease diagnosis and progression. 

 A linear array high frequency (7.5-12 MHz) transducer is used for the evaluation 

of peripheral vessels. 

 

Sonographic anatomy of the femoral artery walls: 

• High-resolution ultrasonography is used to visualize various strata of arterial walls. 

In the long axis, the two walls appear as hyperechoic lines with a dark region in 

between. 

• The initial echoic line on the farther wall originates from close opposition between 

vascular lumen, while later nearer echoic line originates from apposition between 
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medial & adventitial layer. The inside margin of an echoic adventitial layer is 

sharpened by a less bright medial layer. Combined intima-media thickness is the 

length between the distance from the first bright line along the far wall to the 

second bright line. 

 

Fig 5: Figure showing different layers of a normal femoral artery wall. 

Intima-Media Thickness (IMT): 

It is checked in the superficial or common femoral artery. The study done by Ayoola et 

al found normal fIMT as 0.6mm.88     
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Fig 6: Figure shows normal IMT of a femoral artery wall. 

The main arterial pathology detected by B mode USG is atherosclerosis. 

“Atherosclerotic plaque is denoted by echogenic material encroaching on the arterial 

lumen and which produces signal void on B mode USG.”89 

Plaques are detected by B-mode ultrasonography, value ≥1.2 mm (lumen to 

adventitia) indicates the presence of plaque. 
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REVIEW OF STUDIES 

Over the decade the burden of morbidity of non-communicable diseases is rising and the 

global CKD burden is also adding to it. Many studies have been done globally like in 

Asia, Australia, Africa, Norway, and a few in India to estimate the prevalence of CKD.  

According to a study done on the global burden of CKD disease from 1990-2017, it 

stated that almost the worlds' two-thirds of CKD patients were from China and India, 

with the Indian number being 115.1 million.90  As stated in a journal authored by 

P.P.Varma, CKD stage 3 prevalence in the rural belt of Karnataka was 6.3 %.91  The 

rough estimate of CKD prevalence in the Indian subcontinent is calculated to be 

800pmp. 92    

There are many observational, cohort, prospective studies done in relation to the 

relationship between CKD and fIMT, also few of them have found a significant 

correlation between the two, and a lesser of them have found no correlation between the 

two parameters. One of the first large-scaled multi-centered cohort studies to describe 

sub-clinical atherosclerosis in various stages of CKD was the NEPHRONA study. This 

study found that there was a higher rate of atherosclerosis in femoral artery (12.6 % vs. 

10 % in control). 

A study was done in USA from June 2008 to 2010, by Naiman nezami et al., with a 

sample size of 89, which was categorized into three divisions, one division of chronic 

renal disorder patients, a negative control group of kidney donors, and a positive control 

group of coronary artery disease patients. The atherosclerosis was assessed 

histopathologically. It was seen that the case group i.e. CKD group had higher femoral 

intima-media thickness than the negative control group (p = 0.004). The grade of 

atherosclerotic degree in CKD was correlated with femoral intima-media thickness and 
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fIMT measure more than 0.57 mm indicated the presence of atherosclerosis (sensitivity 

92%). 

A study done by Simon et al, at  San  Diego from 2007 to 2011 with 1029 subjects, 

concluded that atherosclerosis in femoral vessels as having a significant association with 

prevalence of chronic renal disorder in the community and also found that its USG might 

help in an earlier analysis of the co-relation between CKD & peripheral vascular disease 

or their inciting risks. 

Not all studies had a positive co-relation between femoral IMT and chronic kidney 

disease like research of A. Lisowskaa et al, of Japan, from 2005 to 2009, with a sample 

size of 498,where it was found that there was a significant negative correlation between 

eGFR values of subjects with intima-media thickness complex in CCA  and CB. This 

relationship in normal cases couldn’t be proved. Femoral intima-media thickness and 

CKD also didn’t have a strong relationship. 

 A study by   Marta Gracia et al, from the NEFRONA group, done in Spain (2009 to 

2011), with a study sample of 1553, it was found that there was a strong relationship 

between chronic renal disorder and atheromas in the femoral artery. 
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METHODOLOGY 

Materials and methods:  

Study Design: A cross-sectional study. 

Study site:  The Department of Radio Diagnosis at Jawaharlal Nehru Medical 

College, Belagavi, Karnataka. 

Study population:   

Subjects with CKD undergoing ultrasound scan at the Department of Radio-diagnosis 

at the KLE'S Dr. Prabhakar Kore Hospital & MRC, Belagavi. 

7.2 Method of collection of data: 

Inclusion criteria:  

• All subjects with chronic kidney disease undergoing ultrasonography at 

Department of Radiology in KLE hospital Dr. Prabhakar Kore Hospital & MRC, 

Belagavi 

• As stated by the International kidney Journals, CKD is defined as when the GFR 

is less than 60 ml per min per 1.73 m2 for more than 3 months having renal 

insult or is devoid of it. 

Exclusion criteria: 

• Patients with past renal transplant  

• Patients with a known case of renal malignancy based on their history and 
medical records. 
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• Patients diagnosed with hypertension or with a history of smoking are also risk 

factors for atherosclerosis. 

• Patients who underwent surgical/interventional treatment of femoral arteries 

for atherosclerotic disease. 

Sample size:  

Prevalence rate of chronic kidney disease in Indian population in most of the studies 

done is very less, hence the sample size would be very large which is quite difficult to 

attain in our hospital. Therefore all diagnosed cases of CKD over a period of one year 

at KLE’S DR Prabhakar Kore Hospital & Medical Research Centre, BELAGAVI 

would be taken as the sample size. Average number of patients within the last three 

years span with CKD, referred to the department of radio-diagnosis, was found to be 

around 84-96 each year.The mean number of patients was found to be = 90. 

 My intended study was carried out on 99 patients visiting the OPD / IPD 

referred to USG scan to the department of radio diagnosis at KLE’S DR Prabhakar 

Kore Hospital & Medical Research Centre, BELAGAVI for a period of 12 month 

duration.  

Statistical Analysis: 

 In the present cross-sectional analysis, the mean and standard deviation was 

determined for the continuous quantitative variables. For comparative purposes, if 

data was separated into two groups with respect to such qualitative characteristics, 

such as gender or some other qualitative characteristics, the continuous variables was 

compared using appropriate methods, such as ANOVA, correlation, regression, etc., 

that was used as needed. 
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 Discrete variables were represented by a median. Suitable graphs were used to 

depict the comparison.  

 The Median was interpreted by discrete variables. Effective graphs were used 

to represent the comparison. 

 It will convey the categorical data in terms of prices, ratios, and percentages. 

The relation between the result, clinical and demographic characteristics were 

evaluated using either the Chi-square or the exact Fisher test. 

The value of p less than 5% (0.05) was considered important for all the tests. 

Study Duration: January 2020 to 31st December 2020. 

Ethical considerations: This research was accepted by an institutional human ethics 

committee. All research participants received informed written consent and only those 

participants willing to sign the informed consent were included in the research.  

Before obtaining consent, the participants have clarified the risks and benefits 

involved in the research and the voluntary nature of participation. The confidentiality 

of the participants in this research was preserved.  

METHODOLOGY: An informed written consent was received from all the subjects. 

A pre-structured proforma was used to gather clinical data. 

 A comprehensive history, related risk factors (smoking, hypertension, 

hyperlipidemia, obesity), and laboratory (random blood sugar) investigations were 

taken.  
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 The above study population was subjected to femoral artery Doppler 

ultrasonography on GE VOLUSON machine (GE Healthcare, USA) fitted with a 

linear array transducer of 7.5-12 MHz high frequency. 

EXAMINATION TECHNIQUE: 

 Patients were positioned supine with their legs extended.  The examination 

was started with a transverse scan of the left and right thigh regions. Scanning was 

performed in the following areas: right and left femoral area, 

The CFA & SFA were focused, & IMT would be measured on the transverse axis. 

Data collection tools: Recorded all the necessary parameters in a structured research 

proforma. 

 The data gathered was analyzed and presented wherever possible in the form 

of tables, graphs, figures, and diagrams.  
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RESULTS 

Study population: 

 99 CKD patients who were referred for femoral Doppler ultrasonography 

were prospectively evaluated in this study. 

Table 1: Descriptive inspection of age distribution among the study group  

(N =99) 

Age groups Number Frequency 

<=30yrs 10 10.10 

31-40yrs 13 13.13 

41-50yrs 19 19.19 

51-60yrs 26 26.26 

61-70yrs 23 23.23 

71-80yrs 8 8.08 

Total 99 100.00 

 Mean 52.39 

 SD 15.89 

 

The study had most of the subjects from age of 51-60 years, trailed by 61-70-year age 

group. The mean age was 52.39 years. 
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Graph 1: Descriptive inspection of Age distribution among study group. 
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Table 2: Descriptive inspection of Gender wise distribution among study group. 

Gender Number Frequency 

Male 70 70.71 

Female 29 29.29 

Total 99 100.00 

 

Graph 2: Graph showing gender distribution among study group. 

 

 In the current study percentage of male patients were more (70.71%) as 

compared to the female patients (29.29%). 
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Table 3: Descriptive inspection of distribution with respect to clinical history in 

study population (N=99).  

SYMPTOMS NUMBER FREQUENCY 

EDEMA  46 46.46 

URTICARIA 10 10.10 

FOOT BLACK DISCOLORATION  15 15.15 

DECREASED URINE OUTPUT 28 28.28 

TOTAL 99 100.00 

 

Graph 3: Graph showing distribution with respect to clinical history (N=99)

In the current research a greater number of patients presented with history of edema 

(46) and decreased urine output (28). 
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Table 4: Descriptive inspection of distribution with respect to prevalence of 

Diabetes mellitus (DM) in study population (N=99)  

DM Number Frequency 

No 51 51.52 

Yes 48 48.48 

Total 99 100.00 

 

Graph 4: Graph showing distribution with respect to prevalence of Diabetes 

mellitus (DM) in study population (N=99). 

 

The study had borderline high percentage of non-diabetics, the percentage being 

51.52%, whereas diabetics in the study constituted about 48.48%. 
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Table 5: Descriptive inspection of distribution with respect to prevalence of 

raised IMT among diabetics in study population (N=99) 

DM Raised IMT % Not raised IMT % Total % 

No 33 64.71 18 35.29 51 51.52 

Yes 36 75.00 12 25.00 48 48.48 

Total 69 69.70 30 30.30 99 100.00 

Chi-square=8.7710, p=0.1190 

 

In the present study it shows that of the 48 diabetic patients, 36 diabetic patients 

(75.0%) had raised IMT. 
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Table 6: Descriptive analysis of distribution in terms of prevalence of raised 

Creatinine levels (N=99) 

Creatinine(mg/dl) Number Frequency 

1.3-10 92 92.93 

11-21 6 6.06 

>21 1 1.01 

Total 99 100.00 

 

Graph 5: Graph showing distribution with respect to prevalence of raised 

Creatinine(N=99).

 

Maximum number of patients had creatinine in the range of 1.3-10 mg/dl. Just one 

patient had creatinine >21mg/dl.   
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Table 7: Descriptive analysis of distribution in terms of prevalence of raised 

Urea levels (N=99) 

Urea(mg/dl) Number Frequency 

40-100 62 62.63 

101-200 34 34.34 

> 201 3 3.03 

Total 99 100.00 

Graph 6: Graph showing distribution with respect to prevalence of raised Urea levels.

 

Maximum number of patients had urea in the range of 40-100 mg/dl. Just 3 patients 

had urea levels > 201 mg/dl. 
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Table 8: Descriptive analysis of distribution in terms of eGFR levels. 

eGFR(mL/min/1.73m2) Number Frequency 

60-90 4 4.04 

45-59 8 8.08 

30-44 4 4.04 

15-29 22 22.22 

<15 61 61.62 

Total 99 100.00 

Graph 7: Distribution in terms of eGFR levels among subjects (N=99). 

 

Maximum number (61) of patients had eGFR values < 15 mL per min per 1.73m2. 4 

patients had eGFR values between 60-90 mL per min per 1.73m2 range. 
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Table 9: Descriptive analysis of distribution in terms of CKD stages. 

CKD stages Number Frequency 

Stage 2 4 4.04 

Stage 3B 8 8.08 

Stage 3A 4 4.04 

Stage 4 22 22.22 

Stage 5 61 61.62 

Total 99 100.00 

 

Graph 8: Distribution in terms of CKD stages among subjects (N=99). 

 

Maximum number (61) of subjects were in stage 5. Only 4 subjects were in stage 2. 
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Table 10: Descriptive analysis of distribution in terms of raised triglycerides 

(TG). 

TG (mg/dl) Number Frequency 

100-200 5 5.05 

201-300 43 43.43 

>301 51 51.52 

Total 99 100.00 

 

Graph 9: Distribution in terms of raised triglycerides (TG) among subjects. 

 

Maximum number of patients had triglycerides levels > 301mg/dl. Just 5 patients had 

triglycerides levels between 100-200 mg /dl. 
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Table 11: Descriptive analysis of distribution in terms of prevalence of raised 

IMT (N=99) 

IMT (cm) Number Frequency 

Raised  69 69.70 

Not raised 30 30.30 

Total 99 100.00 

Graph 10: Distribution with respect to prevalence of raised IMT (N=99). 

 

In the current research with sample size of 99, there were 30 (30.30%) cases who 

didn’t have any atherosclerotic changes, 69 cases (69.70 %) had raised IMT 

suggesting a significant prevalence. 
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Table 12: Descriptive analysis of distribution in terms of prevalence of femoral 

wall calcification (N=99).   

Wall calcification Number Frequency 

Present 36 36.36 

Absent 63 63.64 

Total 99 100.00 

 

Graph 11: Distribution with respect to prevalence of wall calcification (N=99). 

 

Of the 99 cases, 36 (36.36%) patients had femoral artery wall calcification. However 

significant number (63.64%) didn’t have wall calcification. 
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Table 13: Descriptive analysis of distribution in terms of prevalence of femoral 

wall calcification in subjects with raised IMT. (N=99).  

Wall calcification  Raised IMT % Not raised IMT % Total % 

Present 31 86.11 5 13.89 36 36.36 

Absent 38 60.32 25 39.68 63 63.64 

Total 69 69.70 30 30.30 99 100.00 

Chi-square=0.2620, p=0.6090 

 

The table suggests that of the 69 patients having raised IMT 31 patient had femoral 

wall calcification. 
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Table 14: Descriptive analysis of distribution in terms of prevalence of raised 

IMT among different age groups (N=99).  

Age groups Raised IMT % Not raised IMT % Total % 

<=30yrs 6 60.00 4 40.00 10 10.10 

31-40yrs 8 61.54 5 38.46 13 13.13 

41-50yrs 10 52.63 9 47.37 19 19.19 

51-60yrs 18 69.23 8 30.77 26 26.26 

61-70yrs 19 82.61 4 17.39 23 23.23 

71-80yrs 8 100.00 0 0.00 8 8.08 

Total 69 69.70 30 30.30 99 100.00 

Chi-square=7.2170, p=0.0070,  

 

Maximum number (19) of subjects who had raised IMT were from age group of 61-70 

years. However, all the patients of age group 71-80 years had raised Midlist number 

of patients with raised IMT were from age group 31-40 years. 
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Table 15: Descriptive analysis of distribution in terms of prevalence of PVD 

among subjects (N=99).  

PVD Number Frequency 

No 79 79.80 

Yes 20 20.20 

Total 99 100.00 

 

Graph 12: Distribution in terms of prevalence of PVD among subjects 

 

Of the 99 subjects about 20 patients had peripheral vascular disease. But majority 

(79.80%) didn’t have any peripheral vascular disease. 
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Table 16: Descriptive analysis of association between eGFR and IMT (N=99). 

eGFR(mL/min/1.73m2) Raised % Not raised % Total % 

60-90 2 50.00 2 50.00 4 4.04 

45-59 5 62.50 3 37.50 8 8.08 

30-44 4 100.00 0 0.00 4 4.04 

15-29 19 86.36 3 13.64 22 22.22 

<15 39 63.93 22 36.07 61 61.62 

Total 69 69.70 30 30.30 99 100.00 

Chi-square=6.5232, p = 0.1630 

Graph 13: Graphical representation of association between eGFR & IMT. 

 

The study showed that all the patients with eGFR range 30-44 mL/min/1.73m2 had 

raised IMT. And most of the patients (86.36%) with eGFR range 15-29 

mL/min/1.73m2 had raised IMT. 

2
5

4
19

39

2
3

0
3

22

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

60-90 45-59 30-44 15-29 <15

P
er

ce
na

tg
e

Not raised Raised



Results 

45 
 

Table 17: Descriptive analysis of association between eGFR and PVD (N=99). 

eGFR(mL/min/1.73m2) No % Yes % Total % 

60-90 3 75.00 1 25.00 4 4.04 

45-59 6 75.00 2 25.00 8 8.08 

30-44 3 75.00 1 25.00 4 4.04 

15-29 14 63.64 8 36.36 22 22.22 

<15 53 86.89 8 13.11 61 61.62 

Total 79 79.80 20 20.20 99 100.00 

Chi-square=5.6940, p = 0.2230 
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Graph 14: Graphical representation of association between eGFR & PVD. 

 

In the present study, it is evident that majority of cases with any eGFR range didn’t 

have significant association with PVD.In the patients with eGFR < 15mL/min/1.73m2 

range 86.89% of patients didn’t have peripheral vascular disease. 
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Table 18: Descriptive analysis of association between CKD Stages and PVD.  

CKD stages No % Yes % Total % 

Stage 2 3 75.00 1 25.00 4 4.04 

Stage 3 6 75.00 2 25.00 8 8.08 

Stage 3A 3 75.00 1 25.00 4 4.04 

Stage 4 14 63.64 8 36.36 22 22.22 

Stage 5 53 86.89 8 13.11 61 61.62 

Total 79 79.80 20 20.20 99 100.00 

Chi-square=5.6940, p = 0.2230 

 

Graph 15: Graphical representation of association between CKD Stages & PVD 

 

Similarly, the study showed that majority of cases with any CKD stages didn’t have 

significant association with PVD. In the patients with CKD stage 5, 86.89% of 

patients didn’t have peripheral vascular disease. 
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Table 19: Descriptive analysis of association between eGFR and TG (N=99). 

eGFR(mL/min/1.73m2) 100-200mg/dl % 201-300mg/dl % >301mg/dl % 

60-90 1 25.00 3 75.00 0 0.00 

45-59 2 25.00 1 12.50 5 62.50 

30-44 0 0.00 10 45.45 12 54.55 

15-29 2 3.28 25 40.98 34 55.74 

<15 0 0.00 4 100.0 0 0.00 

Total 5 5.05 43 43.43 51 51.52 

Chi-square= 21.4390, p = 0.0060,  

Graph 16: Graphical representation of association between eGFR and TG 

 

The table shows that in the study the patients with eGFR range 15-29 

(mL/min/1.73m2) had maximum triglyceride levels. 
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 Table 20: Descriptive analysis of association between Creatinine and IMT 

(N=99) 

Creatinine(mg/dl) Raised % Not raised % Total % 

0-10 63 68.48 29 31.52 92 92.93 

11-21 5 83.33 1 16.67 6 6.06 

>21 1 100.00 0 0.00 1 1.01 

Total 69 69.70 30 30.30 99 100.00 

Chi-square=1.0280, p = 0.5980 

Graph 17: Graphical representation of association between Creatinine and IMT 

 

In the present study, the femoral IMT was raised in 68.48% of patients with creatinine range 

0-10 mg/dl, 83.3 % of patient’s creatinine range 11-20 mg/dl and in 1 patient in the creatinine 

value > 21 mg/dl. 
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Table 21: Descriptive analysis of distribution in terms of prevalence of Anemia 

among subjects (N=99). 

HB low(gm/dl) Number Frequency 

Yes 91 91.92 

No 8 8.08 

Total 99 100.00 

 

Graph 18: Distribution in terms of prevalence of Anemia among subjects       

 

Another significant finding in the study was that, about 91.92 % of the CKD subjects 

were anemic. 
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Table 22: Descriptive analysis of correlations among different numerical 

parameters by Karl Pearson’s correlation coefficient (N=99).  (*p<0.05) 

Parameters IMT Urea Creatinine EGFR HB LDL/TG 

IMT -      

Urea 0.5143* -     

Creatinine 0.3664* 0.6577* -    

EGFR -0.4313* -0.5110* -0.6076* -   

HB -0.2133* -0.2367* -0.4065* 0.2773* -  

TG 0.2973* 0.2415* 0.2100* -0.3175* -0.0930 - 

 

According to our study, urea levels had low degree of co relation with fIMT and with 

creatinine levels. The creatinine levels too had low degree of co relation with fIMT. 

There was negative co-relation between eGFR with fIMT, Urea & creatinine. 

Similarly, hemoglobin levels had negative co-relation with fixture & creatinine but 

had low degree of co relation with eGFR. 

The triglyceride levels expressed low degree of co relation with fIMT, urea & 

creatinine and negative co -relation with hemoglobin levels. 

 

 

 



Results 

52 
 

Table 23: Descriptive analysis of summary of numerical parameters in the study  

Parameters Min Max Range Mean SD Median 

Age  15.00 83.00 68.00 52.42 15.95 56.00 

IMT 0.02 0.13 0.11 0.08 0.02 0.07 

Urea 40.00 258.00 236.00 91.37 54.12 78.00 

Creatinine 1.30 29.58 28.38 5.61 4.02 4.60 

EGFR 1.70 71.10 69.40 17.44 15.44 12.50 

HB 4.50 15.00 10.50 9.98 1.99 9.90 

TG 98.00 466.00 368.00 225.92 79.01 202.00 

Lowest age of subject in the study group was 15 years and highest was 83 years. 

52.42 years was the mean age.  

Lowest IMT measured was 0.02 cm and the highest IMT was 0.11cm. Mean IMT was 

0.08 cm.  

The lowest urea level of the patients was 22mg per dl and maximum value was 

258mg per dl. The mean urea level of the patients was 91.37mg per dl. The lowest 

creatinine level was 1.2 mg per dl and the maximum value being 29.58 mg per dl. The 

mean value 5.61 mg/dl. 

The lowest eGFR value recorded was 1.7 mL per min per 1.73m2 and highest being 

71.10 mL per min per 1.73m2. Mean value of GFR being 17.44mL per min per 

1.73m2.  The lowest triglyceride level was 98.0 mg per dl & highest value found was 

466.0 mg per dl. Mean value was 225.92 mg per dl. 
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Table 24: Descriptive analysis of distribution in terms of dialysis treatment 

among subjects (N=99). 

On dialysis Number Frequency 

No 83 83.84 

Yes 16 16.16 

Total 99 100.00 

 

Graph 19: Distribution in terms of dialysis treatment among subjects (N=99). 

 

The study included 83.84 % of subjects not undergoing hemodialysis treatment and 

had 16.16 % subjects undergoing hemodialysis treatment. 

No
83.84%

Yes
16.16%
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DISCUSSION 

Chronic renal disorder is a stand-alone threat for atherosclerosis. Color Doppler 

ultrasonography is a non-invasive and cost-effective imaging modality that has a vital 

function in assessing the severity of atherosclerotic disease in PVD in CKD patients. 

Age & Sex distribution: 

 In the current study, which included 99 individuals, the number of male 

patients was more, 70 cases (76.9%) when compared to the female patients who were 

29 (29.9%). 

 A maximum number of cases in this study were from the age group of 50-60 

i.e. 26 cases (26.26%) followed by the age group of 60-70 yrs. which had 23 cases 

(23.23%). 

 16 yrs. were the minimum age of the patient in our study and the maximum 

age was 83 yrs. The mean age is 52.39 yrs. 

The maximum number (19) of subjects who had raised IMT were from the age group 

of 61-70 years. However, all the patients of age group 71-80 years had raised IMT, 

making this age group the most vulnerable age for atherosclerosis. Least number of 

patients with raised IMT were from age group 31-40 years. 

Men were more affected as compared to women. 

Research by Simon Hsu et al. showed that the prevalence of plaque was 

higher in males, which is consistent with our study.76 

Symptomatology: 

In our study, 46 patients (46.6%) had a symptom of edema in areas like the 

periorbital region and lower leg, whereas 28 (28.28%) patients had a symptom of 

decreased urine output.  
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Prevalence of atherosclerosis & raised IMT: 

Mannheim consensus concluded that the plaque presence to be defined as if 

plaque that is encroaching the lumen is 0.5cm or more. 

In this study out of 99 patients, 69 patients (69.70%) had raised IMT, whereas 

30 patients (30.30%) didn’t have raised IMT without evidence of any atherosclerotic 

plaques, making the prevalence of atherosclerosis in the given CKD population as 

69.70%. The highest IMT in our subjects was 0.13cm. The mean IMT was 0.08cm.  

This was in consistency with a research of Nariman et al., who had femoral 

IMT in chronic renal disorder subjects in comparison with normal individuals.94  

The result was also matching with a study by Simon et al., who had a plaque 

prevalence of 46% among 256 patients with atherosclerosis. The mean common 

femoral artery intima-media thickness was 0.99 +/- 0.61 cm and the mean superficial 

femoral artery was 0.63 +/- 0.16 cm. 

Though the prevalence of atherosclerosis in the CKD population was high (69.70%), 

the percentage of subjects having peripheral vascular disease was 20.20 %. 

Raised IMT in diabetics: 

 In our study out of 99 subjects, 48 subjects had diabetes. Of the 48 diabetic 

patients, 36 diabetic patients (75.0%) had raised IMT, suggesting a high prevalence of 

atherosclerosis among diabetics. 

The study by Le et al also had similar results wherein femoral artery was thickened in 

38.2 % of diabetics. 

Wall calcification of femoral artery: 

It's noteworthy that, out of 99 subjects, 36.36 % of subjects had wall calcification 

along with atheromatosis, since it also plays a role in peripheral vascular disease. 
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Raised creatinine levels: 

Out of the 99 subjects, the maximum number i.e., 92 (92.93%) subjects had creatinine 

values in the range of 1.3-10 mg/dl. 6 subjects (6.06%) had creatinine in the range of 

11-21 mg/dl and only one subject had creatinine > 21 mg/dl. 

The lower range of a few of the patients in the 92.93 percentile could be attributed to 

the ongoing hemodialysis treatment. 

Raised Urea levels: 

Of 99 subjects ,62 patients (62.63%) had urea levels in the range of 40-100 mg/dl,34 

patients (34.34%) had urea levels in the range of 101-200 and lastly just 3 subjects 

(3.03 %) had urea levels > 201 mg/dl. 

eGFR distribution among the cases: 

Using the demographic data and creatinine values, the GFR was estimated using the 

recent CKD EPI formula92. 

 

The CKD EPI equation being: 

GFR = 141 x min (S. creatinine /κ,1)α  x  max(S. creatinine /κ, 1)-1.209  x 

0.993Age x  1.018 [for  female] x 1.159 [for African] 

 κ = 0.7 in female and 0.9 in male,  

α = -0.329 in females and -0.411 for male. 

According to calculation, maximum subjects had eGFR value less than 

15mL/min/1.73m2, the number being 61(61.62%). 22 (22.22 %) patients had GFR in 

the range 15- /min/1.73m2. 4 (4.04%) patients had GFR 30-44mL per min per 1.73m2. 

8 (8.08%) subjects had 45-59 mL per min per 1.73m2 and lastly 4 (4.04%) subjects 

had GFR 60-90 mL per min per 1.73m2. 

CKD stage distribution among the cases: 

In accordance with eGFR values, the CKD stages were assigned. 
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Maximum number of subjects were in CKD stage 5, the number being 61(61.62%). 

22 (22.22 %) subjects had CKD 4. 4 (4.04%) subjects had CKD 3A. 8 (8.08%) 

subjects were in stage 3B & lastly 4 (4.04%) subjects were in CKD Stage 2. 

Hemodialysis status among the study subjects: 

The study included 83.84 % of subjects not undergoing hemodialysis treatment and 

had 16.16 % of subjects undergoing hemodialysis treatment. 

 

Distribution in terms of raised triglycerides (TG) among subjects: 

The triglyceride profile of the cases was noted and it was seen that maximum subjects 

i.e., 51 (51.52 %) had triglyceride levels > 301 mg/dl. 43 (43.43 %) had in the range 

of 201-300 mg/dl and just 5 subjects had triglycerides in the range of 100-200 mg/dl. 

Association between eGFR and IMT: 

In the present study, 63.93 % of patients with eGFR < 15 mL/min/1.73m2 had raised 

IMT,86.36 % of patients with eGFR range 15-29 mL/min/1.73m2  had raised IMT, all 

of the (4) patients (100%) with  eGFR range 30-44 mL/min/1.73m2 had raised 

IMT.Also 62.50% of patients of eGFR range 45-59 mL/min/1.73m2 had raised IMT. 

Lastly 50% of patients with eGFR range 60-90 mL/min/1.73m2 had raised IMT. 

This suggests that only groups with eGFR values 15-29 & 30-44 mL/min/1.73m2 had 

a strong positive correlation. 

This is in contradiction to the study by Hsu et al, who had a significant association 

with lower eGFR values and higher fIMT values76. However, the adjusted model in 

terms of age, sex, race, the association was no longer was significant. 

Association between CKD Stages and IMT: 

Similar results were obtained as stated above since CKD categorization into stages 

depends on the eGFR values. Our study showed that only CKD Stages 4 & 5 had 
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more prevalence of higher IMT. The rest of the CKD stages didn’t have a higher 

prevalence of raised IMT.  

This is in contradiction with the study by Hsu et al, who had higher IMT with greater 

stages of CKD. However, in fully adjusted groups the relationship was not 

significant76. 

Association between eGFR and PVD: 

According to our results, 13.11 % of patients with eGFR < 15 mL/min/1.73m2 had 

PVD ,36.36 % of patients with eGFR range 15-29 mL/min/1.73m2  had PVD, 25% of 

the patients  with  eGFR range 30-44 , 45-59 & 60-90 mL/min/1.73m2 had PVD .(p = 

0.22) This suggests that none of the eGFR patients groups had any significant co-

relation with PVD. 

Association between CKD and PVD: 

Similar results were obtained as stated above since CKD categorization into stages 

depends on the eGFR values. Hence 3.11 % of patients with CKD Stage 5 had 

PVD,36.36 % of patients with Stage 4 had PVD, 25% of the patients with Stage 3A, 

3B & 2 had PVD. (p = 0.22) This suggests that none of the CKD Stages had any 

significant co-relation with PVD. 

Association between eGFR and Triglyceride levels: 

The study showed that all the patients with eGFR < 15 mL/min/1.73m2 had higher 

triglyceride ranges of 201-300 mg/dl with a p-value of 0.0060, suggesting a 

statistically significant association between, lower eGFR values and higher 

triglyceride levels. 
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Association between Creatinine and IMT: 

According to our study, 63 % of the patients with creatinine levels 1.3-10 mg/dl had 

raised IMT, 83.33 % of patients with creatinine levels 11-20 mg/dl had raised IMT & 

lastly one patient with creatinine levels > 21 mg/dl had raised IMT. 

Though the percentage of groups with raised creatinine had higher IMT, there was no 

evidence for the statistically strong association between the two parameters (p = 

0.59). 

Prevalence of Anemia among subjects: 

Out of 99 subjects, 91 subjects including both males and females had low hemoglobin 

levels, suggesting a very high prevalence of anemia among CKD patients of our 

study. 

Correlations among different numerical parameters by Karl Pearson’s 

correlation coefficient (N=99) (*p<0.05): 

According to our study, urea levels had a low degree of co-relation with fIMT and 

with creatinine levels. The creatinine levels too had a low degree of co-relation with 

fIMT. 

There was a negative correlation between eGFR with fIMT, Urea & creatinine. 

Similarly, hemoglobin levels had a negative co-relation with fIMT, urea & creatinine 

but had a low degree of co-relation with eGFR. 

The triglyceride levels expressed a low degree of co-relation with fIMT, urea & 

creatinine and a negative correlation with hemoglobin levels. 
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LIMITATIONS. 

 Examination technique and small sample size are the limitations of the study. 

Large sample size would have helped in establishing a correlation between femoral 

intima-media thickness and atherosclerosis. And also, in determining the cut-off 

values for femoral intima-media thickness in atherosclerosis in chronic kidney 

disease patients.  

 Since the ultrasound technique depends on the skill of the examiner, there is a 

lot of intra and inter-observer variations in assessing IMT. 

Also, there were a lot of unavoidable risk factors which were not matched in the 

study such as age, BMI, smoking habits, and hypertension which would have also 

been factors in raising the intima-media thickness. 

Lastly, atherosclerosis was not confirmed by histopathology which is the most gold 

standard investigation for confirmation of the same. 
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CONCLUSION 

•  Colour Doppler ultrasonography is the safest and first-line investigation for 

evaluation of peripheral vessels since it’s a non-invasive, economic, and devoid of 

any radiation. 

• This study indicates that the prevalence of atherosclerosis is more common in men 

and was more common above 50 years of age. However, 71 to 80 years is the 

most vulnerable age group. 

• This study establishes evidence of the atherosclerotic prevalence in the form of 

raised IMT in patients suffering from CKD. 86.36 % & 100 % was the prevalence 

in CKD 3B & 4 respectively in this study. The overall prevalence of 

atherosclerosis in the given study group was found to be 69.70 %. 

• Not all CKD groups had significant co-relation with IMT except one with eGFR 

values 15-29 & 30-44 mL/min/1.73m2 who had a strong positive correlation. 

• This study establishes that there’s no significant co-relation between eGFR and 

peripheral vascular disease among the subjects. 

• This study indicates a higher prevalence of raised IMT among diabetics (75.0%). 

• A significant association between lower eGFR values and higher triglyceride 

levels was found in the study. 

• A very high prevalence (91.92 %) of anemia among CKD patients in the study 

was seen. 
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SUMMARY 

� Atherosclerosis is one of the most common pathologies affecting the femoral 

arteries and CKD is one of the risk factors. This study was aimed to assess the 

prevalence and study relationship between atherosclerosis in femoral arteries 

among CKD patients. 

• Chronic kidney disease (CKD) is strongly associated with peripheral artery 

disease (PAD). The prevalence of CKD worldwide is estimated to be 11-13%.  

• The exact prevalence of CKD in India could not be estimated, however 

approximate prevalence is found to be 800 per million population.   

• Detection of sub-clinical PAD may allow for early interventions or prevention of 

PAD in persons with CKD. Whether the presence of atherosclerotic plaque and 

femoral intima-media thickness (IMT) is associated with kidney function is 

unknown. Such study is not done previously in our institution; hence this study is 

being carried out. 

• The study was a hospital-based cross-sectional study, conducted from 

January 2020 – December 2020 in patients referred to the radiology 

department of KLE'S Dr. Prabhakar Kore Hospital Belagavi for femoral 

Doppler ultrasonography. 

• The sample consisted of 99 patients with CKD. Exclusion criteria were patients 

with past renal transplants and patients with a known case of renal malignancy 

based on their history and medical records. 

• After obtaining informed consent baseline data was recorded on a self-designed 

proforma. Doppler ultrasonography of femoral arteries was performed in all the 



Summary 

63 
 

participants using either GE VOLUSON P8 scanner 7.5 – 12 MHz high-frequency 

linear transducer.  

• Patients were positioned supine with their legs extended and examined with a 

transverse scan of the right and left femoral area, the common femoral artery 

would be focused, and IMT would be measured on the transverse axis. 

• 99 CKD cases were included in this study, who underwent femoral Doppler 

ultrasonography, 46 had a symptom of edema, and 22 had symptoms of 

decreased urine output. 

• It was found that males were affected more as compared to females. 

• Maximum numbers of cases with raised IMT were in the age group of 61-70 

years, however all the subjects of age group of 71 to 80 years had raised 

IMT, making it the vulnerable age group. 

• Out of 99 subjects, 69 patients had raised IMT and 30 patients had normal 

IMT. The prevalence of atherosclerosis in the given study group was found to 

be 69.70 %. 

• Most of the subjects in the study were from CKD Stage 5. 

• CKD Stages 4 & 5 had the highest prevalence of thickened IMTs. 

• Higher prevalence of raised IMT among diabetics (75.0%). 

• Not all CKD groups had significant co-relation with IMT except one with eGFR 

values of 15-29 & 30-44 mL/min/1.73m2 who had strong positive co-relation. 

• None of the eGFR patient groups had any significant co-relation with PVD. 

• None of the CKD Stages had any significant co-relation with PVD. 

• A significant association between lower eGFR values and higher triglyceride 

levels was found in the study. 

• Very high prevalence of anemia among CKD patients of our study. 
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• Though the percentage of groups with raised creatinine had higher IMT, there was 

no evidence for the statistically strong association between the two parameters. 

 

• Limitations of the present study include: 

� Cross-sectional assessment. 

� Small sample size with intra & inter-observer variation in the technique. 

� Unavoidable risk factors like age, BMI, smoking habits, and hypertension. 

� Non-confirmation of atherosclerosis with histopathology (gold standard 

method). 

• Recommendations for future study include: 

� Longitudinal assessment with larger sample size & control groups. 

� Use of confirmatory methods like histopathology. 
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ANNEXURE I –  

INFORMED CONSENT 

TITLE OF THE STUDY: “RELATIONSHIP BETWEEN FEMORAL ARTERY 

INTIMA-MEDIA THICKNESS AND ATHEROSCLEROSIS IN PATIENTS 

WITH CHRONIC KIDNEY DISEASE, A ONE YEAR CROSS SECTIONAL 

STUDY’’ 

PRINCIPAL INVESTIGATOR: DR. SOMASHEKHAR SOGI      

INTRODUCTION AND PURPOSE: 

Chronic kidney disease (CKD) is an irreversible decline in kidney function 

which usually develops over a long period. CKD is linked with increased 

morbidity and mortality, reduced quality of life and increased medical costs. The 

prevalence of CKD worldwide is estimated to be 11-14%. The burden of CKD in 

India cannot be assessed precisely because of lack of proper data. The 

approximate prevalence of CKD in India is 800 per million population and more 

than 100, 000 new patients enter renal replacement programs annually in India. 

The prevalence of end-stage renal disease continues to increase globally 

Atherosclerosis unless in a severe form is often asymptomatic, hence a direct 

examination of the vessel wall is needed to detect affected patients in the initial 

stages. Atherosclerosis is the most common risk factors of cardiovascular 

morbidity in CKD patients. 

Chronic kidney disease (CKD) is strongly linked with peripheral artery 

disease (PAD). Detection of sub-clinical PAD may help in early interventions for 

prevention of PAD in patients with CKD. It is not known whether the presence 
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of atherosclerotic plaque and femoral intima-media thickness (IMT) are 

associated with kidney function. 

 Hence this study is aimed at finding the same in our set up. 

PROCEDURE: 

“RELATIONSHIP BETWEEN FEMORAL ARTERY INTIMA-MEDIA 

THICKNESS AND ATHEROSCLEROSIS IN PATIENTS WITH CHRONIC 

KIDNEY DISEASE, A ONE YEAR CROSS SECTIONAL STUDY’’ 

at Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi” is being 

conducted by Post graduate in Radio diagnosis at J. N. Medical College 

Belagavi, Karnataka, J. N. Medical College, Belagavi. 

We request you to participate in this study as you are eligible to be 

included. During the study you will be asked questions regarding your present 

and past medical history and you will be required to answer to the best of your 

knowledge. You will also be clinically examined as per the protocol drawn. 

If you agree to participate in the study, please furnish the details pertaining to 

the study.  

 

BENEFITS: 

• Your atherosclerotic status in femoral artery can be known and can help 

you help prevent peripheral artery disease risk in advance if any. 
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RISKS/ COMPLICATIONS: 

• No risk to the patient has been documented from ULTRASONOGRAPHY 

earlier. 

 

ALTERNATIVES: 

If you are not willing to take part in the study, your treatment or any 

other further investigations that you want to undergo, in future, in KLE will not 

be affected by your decision. 

  

VOLUNTARY PARTICIPATION/WITHDRAWAL: 

Taking part in this study is voluntary. You may choose not to take part 

in this study, or if I decide to take part, I can later change my mind and withdraw 

from the study. My decision will not change the present or future health care or 

other services that I receive. The study doctor or the sponsor may stop my 

participation in this study. I will tell if any important new findings that may 

change my willingness to continue to take part. If I choose not to take part in the 

study, I will receive the standard treatment for patients with my condition. 

COSTS: 

 NIL (The study is to be conducted on the participants who are 

advised USG as an investigation for CKD by the referring consultant and the 

participants will bear the charges for it.) 

Payment for Participation: No incentive will be paid to you for participating in 
this study. 
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COMPENSATION: 

 In the event that you become injured as a result of taking part in 

this study, treatment whatever available at KLE charitable hospital, Belagavi, 

will be offered to me. No reimbursement or compensation will be given. 

 

CONFIDENTIALITY: 

 All information collected about you during the course of the study 

will be kept confidential to the extent permitted by the law. The code numbers 

will identify you in this research record. Information from this study may be 

published but your identity will be kept confidential in any publication/ 

presentation. 
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        CONSENT TO PARTICIPATE IN RESEARCH STUDY: 

1. “I understand that I am participating in the study, which relationship between 

femoral artery intima-media thickness and atherosclerosis in patients with 

chronic kidney disease, a cross sectional study”-one-year study confirm that I 

have read and understood the information in the patient information sheet. 

Procedure is explained to me in detail along with information about the 

advantages and disadvantages of taking part in the study. I have been given 

the opportunity to discuss all aspects of the trial, to ask questions and hereby 

consent to participation in the trial outlined above. 

2. I understand that the decision to take part in this study is completely 

voluntary and I am aware that I can choose to withdraw from the study at any 

point of time. 

3. I consent to the photographing or recording of the procedure to be performed 

including appropriate portions of my body, for medical, scientific or 

educational purposes provided my identity is not revealed in the pictures or 

by the descriptive texts accompanying them. 

4. I understand that there is no significant risk involved in the test that would be 

done in this study. 

5. No guarantee or assurance has given by anyone as to the results that may be 

obtained.   

6. My signature on this form signifies that I have willingly decided to 

participate after understanding the above information.” 

 

Participant’s Name/ legally authorized representative ______________________ 

Signature                                           ______________________  
  

Name and signature of witness           ______________________  

 

Name and signature of interviewer      ______________________  

Date:  ___________ 

Place: ___________ 
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ANNEXURE II -ETHICAL CLEARANCE LETTER 
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ANNEXURE III-PROFORMA 

PROFORMA FOR DATA COLLECTION 

 

 

NAME OF THE PATIENT: _________________________________  

  

AGE (IN YEARS) ___________     OP/IP NO 

___________   

MOBILE NUMBER: _______________    GENDER:  M   /   

F 

 

ADDRESS:  HOUSE NO.: 

____________________________________________________________ 

 

WARD/GALLI: ______________________________________ 

 

VILLAGE ___________              TALUK: _________________         DISTRICT: 

________________ 

PH NO.: _______________ 

 

USG NUMBER: ____________ 

OCCUPATION:  

MONTHLY INCOME:  

SOCIO ECONOMIC STATUS:  

EDUCATION:  

 

CHIEF COMPLAINTS:        DURATION  

                 1)  

                 2) 

                 3) 
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HISTORY OF PRESENTING ILLNESS     DURATION  

1)  

 2) 

3) 

 

 

PAST HISTORY 

 1)  

 2) 

 

PERSONAL HISTORY: 

SMOKING PRESENT / ABSENT 

ALCOHOLISM  PRESENT / ABSENT 

OCCUPATION  

 

FAMILY HISTORY 

 

PHYSICAL AND LABORATORY EXAMINATION: 

HEIGHT ...m 

WEIGHT …Kgs 

BMI …… 

PULSE …… 

RANDOM BLOOD SUGAR …… 

 

CVS: 

RS: 

RENAL: 
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PROVISIONAL DIAGNOSIS: 

FINAL DIAGNOSIS: 

 

ULTRASONOGRAPHY FINDINGS:  

INTIMA MEDIA TICKNESS (IMT): 

ARTERY R (cm) L (cm) 

CFA/SFA   

 

WALL CALCIFICATION: PRESENT/ ABSENT. 
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ANNEXURE IV: FIGURES 

 

Fig 5: GE VOLUSON USG machine used for the study 

 

Fig 6: High frequency linear array transducer used for the study. 
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Fig 7: USG image showing normal anatomy of common femoral artery and 

its bifurcation into superficial and deep femoral arteries. 

 

Fig 8: B mode USG image showing intima media thickness measurement.  
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PHOTOGRAPHS OF CASES  

Case 1: A 79-year-old non-alcoholic male, case of CKD was referred for 

lower limb color doppler evaluation in view of peripheral vascular disease. 

Incidentally, raised femoral intima media thickness was noted. The IMT measured 

0.10 cms. 

 

Fig 9: B mode USG image showing raised IMT measurement. 

 

Fig 10: Picture of above described patient with bandaged foot for arterial 

ulcers suggesting PAD. 
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Case 2: A 34-year-old female, case of stage 4 CKD was referred for abdominal & 

pelvic ultrasound in view of decreased urine output. The femoral artery intima of the 

right-side leg was measured. The IMT measured 0.05 cms. 

 

Fig11:  USG image showing normal IMT measurement even with CKD. 

Case 3: A 58-year-old male, case of CKD stage 3 was referred for abdominal 

& pelvic ultrasound in view of abdominal distention and edema. The femoral artery 

intima of the left side leg was measured. The IMT measured 0.08 cms. 

 

Fig 9: B mode USG image showing raised IMT measurement. 
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Case 4: A 48-year-old female was referred for abdominal & pelvic ultrasound in view 

of decreased urine output and raised creatinine. The patient was in CKD stage 3A. 

The femoral artery intima of the left side leg was measured. The IMT measured 0.07 

cms. 

 

Fig 12: B mode USG image showing of femoral artery with raised IMT 

measurement. 
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ANNEXURE – V 

KEY TO MASTER CHART 

CKD  Chronic kidney disease 

PVD  Peripheral vascular disease 

EGFR Estimated Glomerular filtration rate  

DM  Diabetes mellitus 

U/O Urine output 

TG Triglycerides 

HB Hemoglobin 

IP In patient 

OP Out patient 
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 1 2 3 4 5 

Age 31 - 45 Yrs.  45 - 60 Yrs.  > 60 Yrs.    

Gender Male Female    

Femoral IMT 

(cut-off: 0.06 

cm & above) 

Raised Not raised    

CKD Stage I  II IIIA IIIB IV 

PVD Present Absent    

Anemia 

M: < 13.5 gm/dl 

F: 12.0 gm/dl 

Present  Absent     

Urea levels 

(mg/dl) 

Up-to 100 101-200 >201   

Creatinine 

levels (mg/dl) 

Up-to 10  11-20 21-30   

TG (mg/dl) 100-200 201-300 >301   

DM Yes No    

On Dialysis Yes No    

Symptoms 

Decreased 
u/o Urticaria 

Foot black 
discoloration   Edema 

 

Wall 

Calcification 

Present Absent 
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ANNEXURE – VI 

MASTER CHART 
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