


Modern Approaches to the Management of Varicose Veins: A Review

[bookmark: _GoBack]Abstract:
Varicose veins are a common issue that many people face, characterized by swollen, twisted veins, especially in the legs. Traditionally, treatment options included conservative methods and surgery, but thanks to recent advancements, we now have a wider range of options available. This article dives into the causes, risk factors, and symptoms of varicose veins, while also highlighting the latest in treatment approaches. We’ll explore techniques like endovenous thermal ablation, non-thermal options such as cyanoacrylate closure and mechanochemical ablation, as well as new medications that are making waves in the field. Additionally, we’ll touch on the importance of compression therapy and lifestyle changes in managing symptoms and the progression of the condition. In summary, the way we manage varicose veins has significantly improved, offering patients more effective and less painful treatment options. Endovenous techniques have largely replaced traditional surgery, leading to better results and quicker recovery times. A team-based approach that emphasizes patient education, drug development, and minimally invasive treatments is essential for achieving the best clinical outcomes. Looking ahead, it will be important to investigate long-term effectiveness, cost efficiency, and patient satisfaction to refine our treatment strategies even further.
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1. INTRODUCTION
An illness of the lower limb veins is linked to chronic venous disease (CVD). Under the skin's surface, the veins grow into varicose veins (VV), which are distinguished by the presence of dilated, protruding, twisting veins. The name varicose vein comes from the Latin word "varix," meaning twisted. Additionally, the varicose veins may be surrounded by spider veins. These are tiny blood vessels that are red or purple and located close to the skin's surface [1].  Varicose veins in the lower limbs are currently one of the most prevalent disorders affecting those who work in professions that require sustained standing. The type of such employment has a substantial impact on the pathogenic processes of varicose veins in the lower extremities [2].  Apart from the aesthetic issues, varicose veins can significantly impair an individual's quality of living. They may result in psychological turmoil, pain, and discomfort. People may also be at risk for serious complications such venous ulcers, venous insufficiency, and thrombophlebitis [3]. Varicose veins, which the Unani System refers to as Dawālī, are one of the common types of primary venous insufficiency. The most prevalent sign of cardiovascular disease is varicose veins (VVs). Telangiectasias and reticular veins are additional venous indicators of CVD. Although clinical symptoms can occur in any vein in the body, the lower limb venous system is frequently the most susceptible to CVD [4]. This is primarily due to the heightened resistance that must be surmounted by the gravitational force, which is significantly greater than in other regions of the human body. In the lower extremities, the following three main systems can be identified: superficial veins, primarily comprising the great saphenous vein, the small saphenous vein, the anterior accessory saphenous vein, and their tributaries; deep veins, which serve as the principal conduits for blood flow; and perforating veins, which link the two systems [5]. During a lecture at the University of Venice in 1825, Dr. Tomasso Rima demonstrated how blood circulates backwards in the GSV in varicose disease. He wrote about his experience in an article called “On the immediate root cause of varicose veins of the lower extremities, as well as on their revolutionary treatment.” some years later [6]. What are varicose veins and how might they progress Varicose veins are distended peripheral veins that originate when impaired or incompetent valves result in retrograde blood flow in the deep veins, great saphenous vein, and/or small saphenous vein (fig1). Veins with incompetent valves are dubbed “insufficient” due to their ineffectiveness in returning venous blood to the heart; the resulting disease is known as venous insufficiency. When straight up an individual's venous blood pressure at the ankle is around 90 mm Hg; this decreases when the legs are lifted or when the calf muscle pump is engaged by ambulation. When an individual with normal valves ceases ambulation or assumes an upright position, the venous pressure requires practically 30 seconds to drop back to 90 mm Hg. In those with chronic venous insufficiency, it may need less than three seconds [7].  The medical management of varicose veins was historically predominantly regarded as a cosmetic concern, with patient preferences significantly influencing 
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 Fig 1: A labelled diagram of normal vs. varicose veins, showing venous reflux and valve                     dysfunction.
treatment decisions. However, developments in medical imaging, particularly the implementation of colour flow duplex ultrasonography since the 1980s, have significantly altered our understanding of varicose veins. This technology has facilitated a more accurate evaluation of venous reflux and its correlation with varicose fissures [8]. Recent research has demonstrated that individuals with varicose veins are at a five-fold increased risk of developing deep vein thrombosis (DVT), a condition that has the potential to be fatal. In addition, peripheral arterial disease and other vascular disorders have been correlated with varicose veins. fortunately certain risk factors for varicose vein formation, including gender, years of age, pregnancy, obesity, and former DVT, are well-established, others are still unconfirmed. Varicose vein disease is also suspected to have genomic components, despite the fact that genetic investigations have yielded conflicting results [9]. The congenital fragility of the vascular wall or valve dysfunction, which is the absence of any underlying medical condition, is the cause of primary varicose veins. Defective smooth muscle and tissue can induce intrinsic fragility. Basal varicose veins predominantly affect the superficial vessels in the lower extremities. Ageing, heredity, hormonal changes (such as menopause or pregnancy), obesity, and protracted periods of standing or seating are all risk factors. Additionally, leg pain, ankle oedema, irritation, haemorrhage, and other symptoms are frequently associated with primary varicose veins. Lipodermatosclerosis, eczema, superficial thrombophlebitis, and ulceration are among the potential adverse effects. Heavyness and rigidity, as well as fatigue in the extremities, are frequently reported by patients with varicose vein symptoms. With an increased intravenous pressure and a reduced blood flow rate, varicose veins are dilated and enlarged. These characteristics are the result of an obstruction in a vein that is physically closer to the body, as well as incompetence of the venous valves or vessel wall [10].  Between 15% and 20% of the population has lower leg varicose veins.  Varicose capillaries that are secondary Chronic obstruction to the deep venous system may induce secondary varicose veins. Secondary varicose veins are the consequence of medical conditions that harm the venous system, including deep vein thrombosis (DVT), pelvic vein congestion syndrome, and iliac vein compression syndrome. Retrograde flow and superficial vein dilation can result from increased venous pressure or blockage in the deep venous system, which may result in the occurrence of secondary varicose veins [12].
 Epidemiology and Prevalence of Varicose Veins
The variation in the definition of varicose veins has lead to wide discrepancies in its incidence reported in the literature The prevalence has been variously reported from as little as 2% to over 20% in population studies. This enormous variation results from the different populations studied, different definitions applied, and the different assessment or examination techniques used. Western studies have shown that 20% population suffers from varicose vein and 2% have skin changes proceeding to venous ulceration[13]. occurs in people who are engaged in prolonged  standing for long hours on the job, high physical activity intensity or long sedentary station; the incidence rate of this disease among adults is generally 20%-40%[14]. Research indicates that in the Western scenario, women are more likely than males to develop varicose veins [15]. But in the contrast, it is more prevalent among men in India. A study from D Y Patil Hospital, Pune, found that 70% of patients were men, and only 30% were women(16). Similar findings were from Rohtak, where Vashist et al. reported 64% of males and 36% of women with varicose veins [17]. being one of the major diseases affecting people’s lives and health. Previous epidemiological studies have shown that approximately 25% of adults in Western countries suffer from varicose veins of the lower limb [18]. resulting in healthcare costs of up to 2.5 billion dollars [19]. Therefore, it is of great significance to perform timely and effective surgical treatment.  Generally, more common in women and older adults, varicose veins affect 22 million women and 11 million men between the ages of 40 to 80 years. Of these, 2 million men and women will develop symptoms and signs of chronic venous insufficiency, including venous ulceration. The sheer prevalence of varicose veins and the substantial cost of treating late complications such as chronic venous ulcers contribute to a high burden on health care resources. Chronic venous ulcerations result in the loss of 2 million workdays and cost an estimated $3 billion per year to treat in the United States. Even varicose veins alone, without more advanced signs of chronic venous insufficiency, result in important reductions in quality of life [20]. 
List 1- Epidemiology and Prevalence of Varicose Veins among age groups 
	Age Group
	Males (%)
	Females (%)

	40–49
	10
	25

	50–59
	15
	35

	60–69
	20
	45

	70–79
	25
	50

	80+
	30
	55



Fig 2- Bar graph showing Prevalence of Varicose Veins among age groups 


2. Pathophysiology of Varicose Veins
Venous valve reflux, blockage of venous flow, or a combination of both  In cases of ambulatory venous hypertension, which is the main cause of chronic venous insufficiency (CVI) in the lower limbs [2], we see some interesting dynamics. When the foot vein stays still and there’s no muscle activity, the venous pressure can spike to between 80 and 90 mmHg. However, for those with properly functioning venous valves, this pressure drops to below 30 mmHg when they engage in physical activity[21]. Leg motions can mitigate the decline in venous pressure for individuals with chronic venous insufficiency (CVI). Incompetent perforator vein valves allow strong pressures from calf muscle contractions in the deep veins to be conveyed to the superficial system, impacting the skin's microcirculation. This condition is referred to as ambulatory venous hypertension. Furthermore, post-thrombotic syndrome, resulting from deep vein thrombosis (DVT), induces venous hypertension and valve reflux due to persistent obstruction of venous flow and valve injury[22]. To comprehend the structure and variations of veins is essential for grasping the pathophysiology of varicose veins, commonly referred to as chronic venous insufficiency (CVI), as well as the treatment options available, such as endovenous ablations. In 2001 and 2005, an International Multidisciplinary Committee reached a consensus on the terminology used for anatomical terms [23,24]. The venous system consists of three primary components: perforating veins, the deep venous system and the superficial venous system. Superficial venous system The superficial venous system facilitates the drainage of blood from tissues and dermis below the skin. (Fig.3). Veins that are traditionally located above the deep muscle fascia but cannot be labelled as deep veins are considered superficial veins. The superficial venous system consists of sturdy truncal veins, specifically the great saphenous vein (GSV) and the small saphenous vein (SSV). The veins are located between the saphenous sheath and the muscle fascia and smaller superficial or epifascial tributaries that exist between the saphenous fascia and the skin. Ultrasound describes the relationship of the veins with the sheath or fascia as an Egyptian eye, used as a useful marker to characterize the saphenous veins. But only about 50% of individuals have a saphenous trunk that extends to all of the length of the saphenous compartment from the ankle to the groin[25,26]. The deep venous system is a low-pressure, high-volume network that makes up about 90% of the venous blood flow in our lower limbs. While deep veins tend to have thinner walls compared to superficial veins, they get some extra support from the surrounding muscles and fascia. This creates a sturdy compartment that helps push venous blood upward when we move. Usually, deep veins run alongside matching arteries, except in the lower parts of the intramuscular veins, like the soleal and gastrocnemius veins. In the infrapopliteal area, you'll find the anterior and posterior tibial veins, the peroneal vein, the soleal vein, and the gastrocnemius vein.
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                     Fig 3: The Basic Principles of Pathophysiology of Venous Thrombosis
The main job of the deep venous system is to help return blood to the right atrium of the heart. The pelvic veins consist of three main vessels: the external iliac vein, the internal iliac vein, and the common iliac vein. Obstructions in the iliac veins are a major cause of chronic venous insufficiency (CVI). After experiencing deep vein thrombosis (DVT), only about 20% to 30% of patients fully recover their vein function, and ongoing obstructions can lead to significant chronic venous insufficiency (CVI)[27,28]. When a blood clot forms and blocks a blood vessel, it's called a thrombotic occlusion. While placing a stent can help, the chances of keeping the vessel open are unfortunately lower than for blockages that aren't caused by clots[29]. On the other hand, non-thrombotic issues in the iliac vein, such as stenosis, can also lead to chronic venous insufficiency (CVI). Iliac vein compression syndrome, or May-Thurner syndrome, is a condition caused by the left iliac vein being compressed between the right iliac artery and the fifth lumbar vertebra. Although these lesions are found in 50% of asymptomatic individuals, only about 3% to 5% experience clinical issues like DVT or CVI[30,31]Chronic pelvic venous insufficiency (CVI) is a condition where blood flows backward in the veins that supply the pelvic area. This can lead to pelvic congestion syndrome, a common cause of severe and persistent pelvic pain in women of childbearing age. Fortunately, a minimally invasive procedure called endovascular embolization has become the go-to treatment for this condition. It helps alleviate the pain by stopping the abnormal blood flow, offering relief to many women who have been suffering from this debilitating condition [32]. Perforating veins are like bridges that connect the veins close to the skin (superficial veins) with the deeper veins inside the muscles. They play a vital role in helping blood flow properly, especially when your calf muscles contract. These veins have special valves that prevent blood from flowing backward, ensuring it moves smoothly from the surface veins to the deeper ones. However, the size and organization of these veins can vary greatly from person to person.There are four key groups of perforating veins that doctors often focus on: those in the upper thigh (Hunterian), lower thigh (Dodd’s), at the knee (Boyd’s), and in the calf (Cockett’s). When the valves in these veins don't work properly, it can lead to chronic venous insufficiency (CVI), a condition where blood doesn't flow back to the heart as it should. This can cause a range of problems, including swelling, pain, and skin changes. Understanding how these veins work is crucial for treating conditions like varicose veins and ulcers[33], the exact cause of perforator insufficiency is still unknown, and there is no standard treatment for perforating veins in C2 patients that is widely accepted. 
When a person is standing upright, the blood in the veins of the lower legs has to work against gravity and the pressure from the abdomen to make its way back into circulation. The valves in these veins play a vital role in ensuring that blood flows in the right direction. Typically, these venous valves are bicuspid and allow blood to flow only one way. They are found in veins that are often somewhat enlarged and help manage the flow of blood from the outer parts of the body back to the heart's right atrium. If these valves don't function properly, it can lead to venous reflux or backward flow, which is common in people with chronic venous insufficiency (CVI). As you move down your legs, the number of valves in your veins increases to help counteract the effects of gravity. This is crucial because gravity puts extra pressure on the veins in your lower legs, which can cause blood to flow backward if not for these valves. Perforating veins, which connect the deep and superficial vein systems, have special valves that prevent blood from flowing backward from the deep veins to the superficial ones. However, not all veins have valves; for example, the veins in your feet and the iliac veins don't have them.The great saphenous vein, a major vein in your leg, typically has at least six valves to ensure blood flows properly. The small saphenous vein, another important vein, usually has between seven and ten valves. Even the tibial veins, located deeper in your legs, have multiple valves spaced about every 2 cm to help manage blood flow effectively. These valves are like guardians that keep your blood flowing smoothly back to your heart, preventing issues like swelling and pain[34,35]. The calf muscle pump plays a vital role in ensuring that blood flows properly back to the heart. It's often called the 'peripheral heart' because of its importance in helping blood move upward against gravity. When you contract your calf muscles, it compresses the veins, which helps push blood upward. This process works in harmony with the one-way valves in your veins, ensuring that blood flows smoothly and doesn't leak backward. This efficient system is crucial for maintaining healthy circulation and preventing conditions like swelling and pain in the legs [36]. When you take a step, your calf muscle pump springs into action. It helps empty the veins in your legs and reduces the pressure inside them. As your muscles relax, blood flows back into the deeper veins. However, if the tiny valves in your veins aren't working properly—whether it's in the veins close to the skin, the deeper veins, or the connecting veins—it can lead to chronic venous insufficiency (CVI). This condition occurs when blood flows backward, a problem known as venous reflux. Interestingly, issues with the veins near the surface of the skin are responsible for about 90% of CVI cases. This highlights how important it is to keep your calf muscles strong and active to support healthy blood flow[37].
Varicose veins indicate chronic venous insufficiency, characterized by swollen, twisted superficial veins caused by faulty venous valves and elevated venous pressure. The development of varicose veins involves a complex interplay of changes in blood flow, remodelling of the vein walls, and genetic factors.
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          Fig 4: Progression of Deep Vein Thrombosis (DVT) and Risk of Embolism

 Over view Venous Valve Insufficiency and Venous Hypertension
The occurrence of varicose veins is closely linked to venous hypertension and valve insufficiency. When venous pressure rises, it can lead to changes in the structure of the vein walls, such as stretching and elongation, which in turn affects the function of the valves. This creates a harmful cycle where valve failure worsens venous hypertension, promoting the progression of varicose veins[38].
 Genetic, Hormonal, and Environmental Hazard Factors Several risk factors contribute to the development of varicose veins: 
· Genetic Factors: Having a family history of varicose veins can significantly increase your risk, suggesting a strong genetic link[39].
· Hormonal changes, especially during pregnancy, can weaken the walls of blood vessels and contribute to valve incompetence[40].
· Environmental Factors: Prolonged standing, being overweight, and aging can lead to higher pressure in the veins and a weakening of their structures[41].

 Advances in Understanding Disease Mechanisms
Recent research has provided deeper insights into the cellular and molecular mechanisms underlying varicose vein formation:
· Endothelial Dysfunction: Activation of endothelial cells leads to vasodilation and potential loss of venous tone[42]. 
· Smooth Muscle Cell Phenotype Switching: Smooth muscle cells in varicose veins often exhibit a synthetic rather than contractile phenotype, reducing their capacity for contraction and exacerbating vein dilation[43]. 
· Extracellular Matrix Remodeling: Alterations in the extracellular matrix, influenced by hypoxia and low shear stress, contribute to vein wall remodeling and valve dysfunction[44]. 
 3. Diagnostic Approaches    
Accurate identification of varicose veins and chronic venous diseases (CVD) is essential for effective treatment. A comprehensive diagnostic approach involves clinical evaluation, imaging techniques, and innovative diagnostic methods.
 Clinical evaluation: Signs, symptoms, and classification systems (e.g., CEAP classification).
Signs and Symptoms
People with varicose veins often experience noticeable, swollen, and twisted superficial veins, which can come with symptoms such as a feeling of heaviness in the legs, discomfort, swelling, and in more serious cases, skin changes or ulcers. A thorough medical history and physical examination are crucial for assessing the severity of symptoms and the progression of the condition.
CEAP Classification
The CEAP classification system, which stand for  (Clinical, Etiological, Anatomical, and Pathophysiological) offers a standardized way to categorize CVD:
· Clinical (C): Ranges from C0 (no visible signs) to C6 (active venous ulcer).
· Etiological (E): Identifies the cause, which can be congenital, primary, or secondary.
· Anatomical (A): Identifies the venous segments that are impacted.
· Pathophysiological (P): Describes the underlying pathology, including issues like reflux or obstruction[45].
The CEAP classification system offers a thorough framework for analyzing chronic venous diseases (CVD) through the assessment of four essential components: Clinical symptoms (C), Etiology (E), Anatomy (A), and Pathophysiology (P). This approach assists healthcare providers in diagnosing, framing treatment plans, and forecasting results for patients with venous disorders[46,47].
Clinical Classification (C):
The clinical attribute categorizes the recognizable signs and symptoms of CVD into seven classes:
· C0: No observable or physical evidence of venous pathology
· C1: Occurrence of telangiectasias (small swollen blood vessels) or vascular veins (blue veins)
· C2: These veins are described as dilated, unclear veins generally above 3 mm in diameter.
· C3:: Edema resulting without dermal alterations. 
· C4: Changing in skin and subcutaneous tissue related with venous pathology, classified into:
· C4a: Pigmentation (brownish skin discoloration) or eczema.
· C4b: Lipodermatosclerosis (inflammation of the skin and adipose tissue) or atrophie pale (hypopigmented, mutilation-like lesions).
· C5: Treated stasis ulcer.
· C6: Active stasis ulcer[48].
· Each clinical class can be further detailed with a subscript indicating symptomatic (S) or asymptomatic (A) occurrences; for example, C2S denotes symptomatic varicose veins.
Etiological Classification (E): This component identifies the underlying cause of the venous disorder:
· Ec (Congenital): Congenital venous abnormalities.
· Ep (Primary): Primary venous pathology with no apparent additional etiologies..
· Es (Secondary): intravascular illness is caused by conditions such as deep vein throbbing or trauma.
· En (No venous cause identified): (No venous cause noticed): When a specific etiology remains unidentified[49].
Anatomical Classification (A): This section specifies the venous segments involved:
· As (Superficial veins): Connection of cutaneous  veins like the great cutaneous vein or small cutaneous vein.
· Ap (Perforator veins): The involvement of perforating veins, which connect superficial veins to deep veins, is significant.
· Ad (Deep veins): The role of perforating veins, which link superficial veins to deep veins, is important..
· An (No venous location identified): When the specific anatomical location is not mentioned[50].
Pathophysiological Classification (P):This component describes the functional abnormalities present:
· Pr (Reflux): Reversal of blood flow caused by valve incompetence.
· Po (Obstruction): Obstruction in the venous system that hinders blood circulation..
· Pr,o (Reflux and Obstruction): A mix of both reflux and obstruction.
· Pn (No venous pathophysiology identifiable): When no functional abnormality is found
Role of Duplex Ultrasonography
Duplex ultrasonography is considered the gold standard for assessing venous insufficiency. It integrates B-mode imaging with Doppler flow analysis to evaluate vein structure, valve performance, and blood flow patterns. This non-invasive method is crucial for detecting venous reflux, blockages, and for mapping the venous system prior to any interventions[52]. Duplex ultrasonography (DUS) continues to be fundamental in diagnosing and managing varicose veins and chronic venous disorders (CVD). Recent advancements have further improved its diagnostic capabilities, offering clinicians more comprehensive insights into venous anatomy and hemodynamics.
Enhanced Visualization with Three-Dimensional Ultrasound
A significant advancement in DUS technology is the incorporation of tomographic three-dimensional (3D) imaging. This method utilizes hands-free electromagnetic tracking to create detailed 3D models of the venous system. Such in-depth visualization helps vascular surgeons gain a clearer understanding of intricate venous anatomies, enhancing both preoperative planning and postoperative evaluations[53]. 
Comprehensive Ultrasound Protocols for Pelvic and Lower Limb Connections
Recent studies have highlighted the significance of comprehensive ultrasound protocols that address both lower limb varicose veins and possible abdominal-pelvic connections. A thorough approach includes:
· Venous Mapping of the Lower Limbs: An in-depth evaluation of both superficial and deep venous systems.
· Transperineal and Vulvar Examination: Assessment of perineal escape points and vulvar varicosities.
· Transabdominal Assessment: Examination of pelvic venous structures to pinpoint sources of reflux.
· Transvaginal Ultrasound: Detailed imaging of pelvic veins, especially in female patients.
Adopting these protocols guarantees a complete evaluation, which is essential for detecting pelvic-origin reflux that may contribute to lower limb varicosities[54]. 
List 2- Diagnostic Tool and Key Advantages
	Diagnostic Tool
	Underlying Principle
	Key Advantages
	Limitations

	Duplex Ultrasound
	Combines grayscale imaging with Doppler flow
	Non-invasive, real-time vein mapping, highly accurate
	Operator-dependent, limited visualization in obese patients

	Photoplethysmography
	Measures changes in light reflection from tissues
	Simple, cost-effective, useful for venous reflux screening
	Lacks anatomical detail, less sensitive than ultrasound

	Magnetic Resonance Imaging (MRI)
	High-resolution imaging using magnetic fields
	Excellent soft tissue contrast, non-invasive, no radiation
	Expensive, not always available, contraindicated in some patients

	Air Plethysmography
	Measures volume changes in the leg using cuffs
	Useful for assessing venous function and reflux
	Requires patient cooperation, limited anatomical specificity

	Ascending/Descending Venography
	Contrast dye-based X-ray imaging of veins
	Provides detailed venous anatomy, helpful pre-surgery
	Invasive, radiation exposure, used less frequently today



Updated Clinical Practice Guidelines
· The 2023 clinical practice guidelines for managing varicose veins highlight the importance of evidence-based treatments such as endoluminal ablation and phlebectomy. A crucial tool in this process is Doppler Ultrasound (DUS), which plays a vital role in assessing venous reflux. By using DUS, healthcare professionals can accurately diagnose and tailor treatments to individual patient needs, ensuring more effective care for those with varicose veins:
· Standardized Reflux Assessment: Reflux is characterized by the backward flow of blood in veins. this backward flow last for more than half a sec to be considered reflux. 
· Comprehensive Examination Protocols: Detailed DUS evaluations of both deep and superficial venous systems are recommended to guide treatment decisions..
These guidelines highlight the importance of thorough DUS assessments in developing effective management plans for patients with varicose veins[55].
 Emerging Diagnostic Modalities
Photoplethysmography (PPG)
· PPG is that tracks variations in Circulatory fluid volume within the microvascular tissue bed. It helps evaluate venous refill time, offering indirect insights into venous function. Although it shouldn't replace duplex ultrasonography, PPG can serve as a valuable complement in assessing venous insufficiency[56]. 
Magnetic Resonance Imaging (MRI)
Magnetic Resonance Imaging (MRI) gives us a clear and detailed look to the venous structures without the use of ionizing radiation. This makes it especially useful in complex cases, like pelvic vein insufficiency or when ultrasound results are unclear. MRI is capable of visualizing both deep and superficial veins, evaluating blood flow, and identifying thrombosis or other irregularities[57]. 
 Artificial Intelligence (AI)-Driven Imaging Tools
AI is playing a growing role in vascular imaging, helping to improve diagnostic accuracy. Machine learning algorithms can aid in analyzing imaging data, forecasting disease progression, and tailoring treatment plans. Tools powered by AI have the potential to enhance both the sensitivity and specificity of diagnosing venous diseases [58]. 
Using these diagnostic methods allows for a thorough assessment of patients with varicose veins and chronic venous disease (CVD), enabling personalized and effective treatment plans.
5. Conventional Management Strategies
Conservative Treatment
· The conservative management of varicose veins typically focuses on lifestyle changes and compression therapy, especially for those with mild symptoms or for individuals who are not candidates for surgical procedures. Recommended lifestyle changes  about staying at a healthy weight and making sure you're physically active on a regular basis. to improve calf muscle function, elevating the legs to reduce venous pressure, and minimizing prolonged periods of standing or sitting. [59]. Compression therapy is essential, using progressive compression stockings that apply greater pressure at the ankle and ease off it higher up the leg. This approach enhances venous return and alleviates symptoms like pain, swelling, and fatigue[60]. 
Pharmacological Interventions
Pharmacological therapy for controlling venous issues involves two main types of medications: venotonics and anti-inflammatory drugs. Venotonics, such as MPFF, horse chestnut seed extract, and rutosides, help strengthen veins, reduce fluid leakage from tiny blood vessels, and improve lymphatic circulation. Meanwhile, anti-inflammatory medications like NSAIDs are used to ease pain and swelling, particularly in cases of superficial thrombophlebitis[61].
6. Minimally Invasive Treatments
Endovenous Laser Therapy (EVLT)
EVLT uses laser light to thermally destroy problematic veins. The process involves placing a catheter into the affected vein with the help of ultrasound, delivering controlled laser pulses to induce venous closure through damage to the endothelium and subsequent fibrosis[62]. EVLT shows impressive effectiveness, achieving occlusion rates exceeding 90% at the 5-year follow-up, along with a short recovery time and minimal complication rates. However, there are some limitations, such as post-procedural discomfort, bruising, and the risk of nerve damage in certain anatomical areas[63].
Radiofrequency Ablation (RFA)
Imagine a precise medical treatment where radiofrequency energy is used to create heat that carefully targets and destroys specific tissues or nerves to thermally treat varicose veins.Compared to endovenous laser treatment (EVLT), RFA is associated with less post-operative pain and a quicker recovery, thanks to the lower peak temperatures used during the procedure[64]. Research shows that RFA is similarly effective to EVLT, achieving occlusion rates of 95% over a period of 3 to 5 years. However, the main limitation of RFA is that it can only be used on veins of specific sizes and anatomical locations[65].
 Foam Sclerotherapy
Foam sclerotherapy is a procedure where a sclerosant is introduce, mixed with air or gas to create foam. This foam replaces blood and causes damage to the endothelial lining, resulting in the blockage of veins. Recent advancements in sclerosant medications, like polidocanol and sodium tetradecyl sulfate, along with improved ultrasound-guided techniques, have significantly enhanced their effectiveness and safety. [66]. It is effective for both new and recurring varicose veins; however, it may require multiple sessions and tends to have a higher recurrence rate compared to thermal ablation treatment[67].
List 3- Surgical Method and Clinical Indication
	Surgical Method
	Clinical Indication
	Level of Invasiveness
	Risk of Recurrence

	High Ligation and Stripping
	Great saphenous vein incompetence
	High
	Moderate to High (20–30%)

	Ambulatory Phlebectomy
	Isolated superficial varicosities
	Low
	Low

	Subfascial Endoscopic Perforator Surgery (SEPS)
	Incompetent perforator veins in advanced CVI
	Moderate
	Variable, based on stage

	Transilluminated Powered Phlebectomy (TIPP)
	Extensive branch varicosities
	Moderate
	Moderate



7. Surgical Interventions
Traditional Methods
For a long time, traditional surgical methods, such as high ligation and stripping of the great superfecial vein, were considered the best approach. This techniques engages closing off the problematic vein to stop the backward flow of blood and removing the damaged part.[68]. While it is successful, it is associated with longer recovery times, higher rates of post-operative pain, and complications such as hematoma, infection, and nerve damage[69].
Hybrid Techniques
Hybrid intervention bring together the benefits of open surgery and minimally invasive techniques, offering a more flexible way to treat patients to improve outcomes. Ligation of the saphenofemoral junction, along with EVLT or foam sclerotherapy, can reduce recurrence rates and minimize invasiveness. These methods are particularly advantageous in complex cases with substantial venous pathology[70].
8.Emerging and Innovative Therapies
Recent advancements in the treatment of varicose veins have introduced new techniques, such as mechanochemical ablation (MOCA) and cyanoacrylate adhesive closure devices. These methods serve as alternatives to traditional treatments, aiming to improve patient outcomes and reduce recovery times
 Mechanochemical Ablation (MOCA): Indications and Efficacy
MOCA is the treatment that cleverly combines two powerful methods: it gently disrupts the inner lining of the vein and then uses a special solution to close it off, helping to eliminate unwanted veins., leading to vein closure without the need for heat energy. This approach eliminates the requirement for tumescent anesthesia and lowers the risk of thermal complications.
A systematic review and meta-analysis evaluated the safety and effectiveness of the Flebogrif MOCA device. The study included five trials with a total of 392 participants who underwent 348 procedures. The overall anatomical success rate, defined by vein occlusion, was 95.6% at three months and 93.2% after twelve months. Major complications were rare, with a 0.3% incidence of deep vein thrombosis. Minor issues, such as thrombophlebitis, were reported in 13.3% to 14.5% of patients, while other complications occurred in 3.3% to 10.0% of cases during the first three months. These findings suggest that MOCA is a safe and effective treatment for saphenous vein insufficiency[71].
 Cyanoacrylate Adhesive Closure Systems: Safety and Long-Term Results
The cyanoacrylate adhesive closure technique involves the application of a medical glue directly into the affected vein, leading to its closure. This method, which does not require heat or tumescent anesthesia, offers a less invasive option for treating varicose veins.
A national survey in Japan assessed the safety of cyanoacrylate closure (CAC) for treating varicose veins. Among 623 institutions, In a recent study, there were 16 instances where blood clots formed in the deeper veins closer to the heart, and unfortunately, three people experienced a serious condition where these clots traveled to the lungs., with no strokes recorded. Localized phlebitis and allergic reactions requiring steroid treatment occurred in 299 cases, while systemic allergic reactions were observed in 66 cases. One postoperative death was attributed to pulmonary embolism. These findings indicate that while CAC is generally safe, physicians must remain vigilant for any potential adverse effects[72].
Recent findings from an additional trial suggest that CAC is a safe and minimally invasive procedure that yields positive outcomes, even for the small saphenous vein. The study noted a higher rate of recanalization and recurrence during long-term follow-up, highlighting the importance of accurately identifying incompetent veins before treatment[73].
 Role of Ultrasound-Guided Techniques in Advanced Cases
Ultrasound-guided procedures play a vital role in identifying and treating varicose veins, particularly in more severe cases. They offer precise imaging of the venous structure, guide treatments, and enhance the safety and effectiveness of the procedures.
When it comes to MOCA and CAC, ultrasound guidance allows for accurate catheter placement and real-time monitoring during the treatment. This technique minimizes the risk of complications and improves overall treatment outcomes. Additionally, ultrasound is essential for post-procedural monitoring to assess venous occlusion and detect any recanalization or complications.
In summary, innovative treatments like MOCA and cyanoacrylate adhesive closure present promising alternatives to traditional varicose vein therapies. While these methods have demonstrated effectiveness and safety in various studies, ongoing research and long-term data are necessary for a thorough evaluation.
Let's clarify their roles in clinical practice. When it comes to treating advanced varicose vein patients, ultrasound-guided techniques play a crucial role in ensuring effective treatment.
Using ultrasound guidance for procedures is absolutely crucial in the treatment of advanced varicose veins. These methods offer accurate and minimally invasive choices that can greatly enhance patient results. Recent developments and studies have really highlighted just how valuable these techniques are in everyday medical practice.
Ultrasound-Guided Foam Sclerotherapy (UGFS)
UGFS involves using ultrasound guidance to inject a sclerosant foam into the affected veins, leading to their closure. This technique is particularly beneficial for treating larger varicose veins and those that aren't easily visible on the skin's surface. A comprehensive narrative assessment revealed that UGFS is effective in managing chronic venous disease and serves as a viable alternative to surgery. The evaluation also pointed out UGFS's cost-effectiveness and its ability to tackle veins with complex structures[74].
Endovenous Laser Ablation (EVLA)
EVLA uses laser light delivered through a catheter to target and remove problematic veins, all while relying on ultrasound to ensure the catheter is positioned just right. This method has shown higher success rates and tends to lead to quicker recovery times compared to traditional surgery. Studies suggest that EVLA is a highly effective option for those dealing with severe varicose vein issues, offering significant benefits with minimal scarring[75].
 High-Intensity Focused Ultrasound (HIFU)
Imagine a revolutionary, non-invasive treatment that uses powerful, focused ultrasound waves to precisely target and eliminate varicose veins. This cutting-edge technology combines two advanced tools: a specialized probe that delivers treatment at a frequency of 4.5 MHz, and another that provides high-resolution images at 12 MHz, ensuring both precision and safety.
, which significantly improves the accuracy of the treatment. Experimental trials have shown that this technique can effectively shrink veins, suggesting it could be a promising option for clinically treating varicose veins without the need for surgery[76].
CHIVA Method
The CHIVA technique, which stands for Conservative Hemodynamic Cure for Venous Insufficiency in Outpatients, uses ultrasonography to identify venous reflux and help accurately close specific segments of veins. The goal here is to preserve the saphenous vein and maintain normal venous drainage. Research and clinical studies indicate that the CHIVA method could lower recurrence rates and reduce complications compared to traditional vein stripping procedures[77].
Advantages of Ultrasound-Guided Techniques
· Precision: Real-time imaging makes it easier to accurately identify and target damaged veins, which in turn boosts the success of therapy.
· Minimally Invasive: These treatments reduce the need for large surgical cuts, which means less pain after surgery and a quicker recover time.
· Safety: When it comes to safety, using ultrasound guidance can really help minimize the chances of harming nearby tissues and structures.
· Cost-Effectiveness: Procedures like UGFS are known for being cost-effective compared to surgical options, all while still delivering great results[78].
9. Advances in Post-Treatment Care and Rehabilitation
Recent strides in varicose vein treatment have significantly improved patient experiences, focusing on less invasive methods and comprehensive aftercare. These developments not only address the visible issues caused by varicose veins but also boost the overall quality of life for those affected..
In recent years, we've seen a shift from traditional surgical methods to more gentle treatments for varicose veins. Options like endovenous laser therapy (EVLT), radiofrequency ablation (RFA), and sclerotherapy have become popular because they work well and allow for quicker recovery times. These procedures focus on closing off the troublesome veins, which not only helps relieve symptoms but also improves the overall look of the legs[79].
Post-Treatment Rehabilitation and Care
Taking care of yourself after treatment is really important for getting the best results and avoiding any setbacks. Some key elements to focus on include:
· Compression Therapy: Wearing compression stockings after your procedure is really important. They help keep your veins compressed, reduce swelling, and encourage healthy blood flow. This practice is crucial during the early recovery phase to avoid any complications[80].
· Physical Activity: Staying active with regular, moderate exercise—like a good walk—really helps improve circulation and speeds up recovery. Doctors often suggest that patients get back to their daily routines soon after treatment to help the healing process along[81].
· Lifestyle Modifications: Keeping a healthy weight, propping up your legs while you relax, and steering clear of long stretches of standing or sitting can help stop new varicose veins from forming. These simple lifestyle tweaks are key to managing the condition over the long haul[82].
· Compression therapy post-procedure: Optimal protocols
For patients recovering from varicose vein surgery, compression therapy is incredibly important. It primarily focuses on speeding up recovery by reducing symptoms, preventing complications, and fostering healing. Recently, researchers have been looking into various elements of compression therapy, including how effective it is, the ideal duration for its application, and how consistently patients follow through with the treatment.

· Efficacy of Compression Therapy
Compression therapy can really help alleviate symptoms tied to chronic venous insufficiency, like leg pain and swelling. It works wonders by boosting blood circulation in the legs[83]. 
A thorough review pointed out that we really need solid evidence to make clear recommendations about using compression after varicose vein treatments[84]. 
· Optimal Duration of Compression Therapy
Figuring out the best length of compression therapy after surgery is still up for debate. A meta-analysis looked at randomized controlled trials comparing short-duration (3-10 days) and long-duration (3-6 weeks) compression therapy following great saphenous vein stripping and phlebectomies. The findings showed that both durations worked well, but there wasn’t a notable difference in results like pain relief, leg volume, complications, or time off work. This implies that shorter therapy durations might just do the trick[85]. 
· Patient Compliance and Education
To make compression therapy work, sticking with it is key. But things like discomfort, having a hard time putting it on, and skin irritation can really get in the way. That’s why it’s vital to show patients how to use compression stockings properly and support them in overcoming any challenges they face. This kind of guidance can greatly enhance their commitment and lead to improved clinical outcomes[86]. 
· Exercise programs for venous health restoration.
Exercise programs are crucial for helping to restore and maintain healthy veins, especially for those dealing with issues like chronic venous insufficiency (CVI) and venous leg ulcers (VLUs). Recent research has looked into different types of exercise interventions to see how well they can enhancevenous function and improve outcomes for patients. 
· Exercise Training for Chronic Venous Insufficiency
A thorough review looked into how exercise training affects calf muscle pump function in patients dealing with chronic venous insufficiency (CVI). The results indicate that exercise training can be quite helpful for individuals with both mild and advanced CVI, leading to better blood flow and muscle health, which ultimately boosts overall functionality. In cases that are less severe, exercise even had a positive impact on health-related quality of life[87]. 
·  Exercise Interventions for Venous Leg Ulcers
A recent meta-analysis looked into how exercise impacts patients dealing with venous leg ulcers (VLUs). The findings showed that exercise not only helped with the healing of VLUs but also enhanced ankle mobility when compared to control groups. Plus, patients were generally on board with sticking to their exercise routines, suggesting that adding exercise to VLU treatment plans is a practical approach[88]. 
· Exercise After Deep Vein Thrombosis
Staying active after a deep vein thrombosis (DVT) is a hot topic, especially when it comes to safety and the possible perks. A thorough review has shown that exercising post-DVT is not only safe but also enhances quality of life, eases pain, and lessens the impact of post-thrombotic syndrome (PTS). Tailored training programs can be a great addition to the recovery process for patients dealing with DVT or PTS[89]. 
· Adapted Physical Activity and Therapeutic Education
A comprehensive review looked into how adapted physical activity (APA) and patient-oriented therapeutic education (PTE) programs affect people dealing with venous diseases. The findings revealed that these approaches had a positive influence on clinical signs, symptoms, and the overall well-being of patients. This underscores the significance of personalized exercise programs paired with educational elements in effectively managing venous conditions[90].
10 Patient-Centered Care and Quality of Life
Patient-centered care focuses on involving patients in their own healthcare decisions, ensuring treatments align with their preferences and improving their quality of life (QoL). In the context of varicose veins, recent studies have highlighted the importance of assessing and enhancing QoL through both surgical and non-surgical interventions.

· Quality of Life Assessment Tools
· Getting a clear picture of the quality of life (QoL) for patients dealing with varicose veins is essential when it comes to assessing how well treatments are working. There are a number of patient-reported outcome measures (PROMs) that have been validated specifically for this purpose:
· Aberdeen Varicose Vein Questionnaire (AVVQ): We showed great responsiveness, achieving a standardized response mean (SRM) of 0.84 for patients who had surgery for varicose veins[91]. 
· Chronic Venous Insufficiency Questionnaire (CIVIQ): Both the CIVIQ-20 and CIVIQ-14 versions have demonstrated impressive responsiveness, boasting SRMs of 1.31 and effect sizes that fall between 0.95 and 1.07 following medical therapy[92]. 
These tools help evaluate how effective treatments are from the patient's viewpoint, which in turn assists clinicians in providing care that truly centers around the patient.
· Impact of Treatments on Quality of Life
Both surgical and non-surgical treatments have shown to enhance the quality of life for patients dealing with varicose veins.
· Non-Surgical Treatments: A recent study looked into how non-surgical treatments impact patients, revealing that they saw notable improvements in their physical function and quality of life, reaching levels similar to those of healthy adults[93]. 
· Minimally Invasive Procedures: Patients who have gone through minimally invasive treatments have shared that After the procedure, many people felt a noticeable reduction in their symptoms and enjoyed a significant boost in their quality of life, making everyday activities much more enjoyable.
· . Most of them were back to their regular activities within a month, showcasing how effective these treatments are in improving patient well-being[94]. 
· Patient Experiences and Satisfaction
enduring patient experiences is vital for delivering effective care:
· Living with Varicose Veins: A thorough review found that varicose veins have a notable effect on quality of life, with patients sharing a variety of symptoms that disrupt their everyday activities[95]. 
· Treatment Satisfaction: The creation of the Venous Treatment Satisfaction Questionnaire (VenousTSQ) offers a specialized tool designed to assess how satisfied patients are with their varicose vein treatments. This helps in evaluating the quality of care provided[96].
 Psychological impact of varicose veins.
Varicose veins are more than just a cosmetic concern; they can significantly influence a person's mental health. A comprehensive review uncovered five main themes regarding the effects of varicose veins: physical symptoms, psychological impacts, social ramifications, coping mechanisms, and motivations for treatment. Many individuals experienced feelings of self-consciousness, embarrassment, and lowered self-esteem due to how their legs looked. These emotional struggles often led them to modify their clothing to hide their veins, ultimately affecting their day-to-day lives[97].
A recent study pointed out that varicose veins can really put a damper on everyday life and take a toll on mental health. Patients shared how they struggle at work, find it tough to stand for long periods, and worry about how they look and what to wear. These physical challenges and worries about appearance are closely linked to heightened psychological stress, highlighting just how intertwined our physical issues and mental well-being can be[98].
The emotional impact of varicose veins goes far beyond just the physical symptoms; it can really change how people interact socially and their overall quality of life. Many individuals feel embarrassed or self-conscious about their condition, which can cause them to pull away from social situations. This withdrawal can strain relationships and lead to feelings of loneliness. On top of that, the ongoing discomfort that comes with varicose veins can heighten stress and anxiety, creating a tough cycle that negatively affects both physical and mental well-being[99].
Tools for measuring treatment satisfaction and quality of life.
Patient-Reported Outcome Measures (PROMs)
Patient-Reported Outcome Measures, or PROMs, are valuable tools that capture how patients view their health, their satisfaction with treatments, and their overall quality of life. In the realm of varicose vein treatments, PROMs are used to evaluate how the condition and its management influence patients' daily experiences. Since April 2009, the National Health Service (NHS) in England has made it a requirement to collect PROMs for certain elective surgeries, including varicose vein procedures. Patients are asked to complete questionnaires before and after their surgeries, which helps track any changes in their health and satisfaction[100].
 EQ-5D
The EQ-5D is a well-established tool that helps the aspects of well-being and life satisfaction that are directly affected by one's health.of life across five key areas: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each of these areas has different levels that show how severe any issues might be. Patients evaluate their current health status in these dimensions, creating a detailed profile of their well-being. On top of that, the EQ-5D features a Visual Analogue Scale (VAS), where people can rate their overall health from 0 to 100, with higher numbers reflecting better health. This tool is commonly used in clinical environments, especially for patients receiving treatment for varicose veins, to gauge their initial health and track any changes over time. These assessments offer valuable insights into how patients view their health and the effectiveness of varicose vein treatments, ultimately leading to more personalized care and better clinical results[101].
Shared decision-making in selecting treatment approaches.
Shared decision-making (SDM) is all about teamwork between patients and healthcare professionals, working hand in hand to make informed healthcare choices. This process takes into account the latest scientific evidence while also respecting the patient's personal values and preferences. When it comes to treating varicose veins, SDM is especially important because there are so many different treatment options out there, each with its own set of advantages and potential risks. 

· Varicose Vein education and Informed Consent (VVEIN) Study
The VVEIN study is an exciting prospective trial that takes place at a single center, focusing on whether shared decision-making (SDM) tools can really make a difference in treating varicose veins. The goal is to see how these tools affect patients' understanding, satisfaction, and their role in making decisions about their treatment. While we’re still waiting for the complete results, this study highlights just how crucial SDM is in vascular surgery and aims to explore how we can effectively bring these tools into everyday clinical practice[102]. 
· Patient Perceptions and Preferences
A survey carried out at Zhejiang Rongjun Hospital from January 2022 to June 2023 looked into how patients feel about and prefer minimally invasive treatments (MIT) for varicose veins. The findings revealed that almost half of the participants didn’t have enough information about surgical options, and many felt they weren’t well-informed enough to make a treatment choice. Among those who did have a preference, a striking 76% chose MIT over traditional surgery. The study underscored how important the recommendations from vascular surgeons are and pointed out the need for better communication between providers and patients to ensure treatment plans meet patient expectations[103]. 
· Expert Consensus on Essential Information for SDM
A modified Delphi process was used to gather expert opinions in Ireland on the key information that should be included in shared decision-making (SDM) for varicose vein surgery. The goal was to create a consistent set of information for patients, making sure they understand their treatment options thoroughly. The consensus highlighted the importance of providing detailed patient education to support effective SDM in the treatment of varicose veins[104]. 

Conclusion
The way we manage varicose veins has changed a lot in the last twenty years. We’ve moved away from traditional surgeries to more minimally invasive techniques that focus on making patients comfortable, effective treatment, and quick recovery. Techniques like intravenous thermal ablation, which includes endovenous laser therapy (EVLT) and radiofrequency ablation (RFA), have taken the place of more invasive methods like vein stripping. This shift has led to fewer complications after surgery and happier patients. We’re also seeing non-thermal options like mechanochemical ablation (MOCA) and cyanoacrylate adhesive closure, which are great alternatives that require less anesthesia and lower the risk of nerve damage. On top of these advancements, there’s a growing focus on personalized treatment plans that take into account what patients want, their specific conditions, and their lifestyles. By encouraging shared decision-making and improving patient education along with quality-of-life assessments, we can ensure that treatments are tailored to meet individual needs. Compression therapy, which has long been used to relieve symptoms, remains vital in post-treatment care, helping to improve long-term results and lower the chances of recurrence. Ongoing research into new medications, regenerative medicine, and AI-driven diagnostic tools is set to enhance how we manage varicose veins even further. With an aging population and more cases of venous insufficiency, incorporating these innovations into everyday practice will be crucial for achieving the best functional and aesthetic results, ultimately boosting the quality of life for those affected.
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