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 Pathophysiology

The lower extremity venous system is composed of a deep 
system and a superficial system (Fig. 15.1). The deep system 
is composed of three paired tibial veins that join to form the 
popliteal vein(s), femoral vein(s), deep femoral vein, and 
common femoral vein. These veins run alongside similarly 
named arteries (refer to Chap. 6 for more information on vas-
cular anatomy). The superficial veins receive blood from the 
superficial tissues and ultimately drain into the deep system. 
The major superficial veins are the great saphenous vein 
(GSV), which flows from the dorsum of the foot, anterior to 
the medial malleolus, along the medial calf and thigh and 
into the common femoral vein at the saphenofemoral junc-
tion, and the small saphenous vein (SSV), which flows from 
the posterior calf into the popliteal vein at the saphenopopli-
teal junction. The superficial veins are connected to the deep 
veins by perforating veins throughout the leg [1].

Venous flow from the extremities is low pressure and 
slow but facilitated by the presence of a series of one-way 
valves in the deep and superficial veins. When the valves are 
damaged, they become leaky and blood begins to flow retro-
grade toward the foot rather than antegrade toward the heart. 
This is called reflux, and it can occur in both the deep and 
superficial system; it is the primary cause of symptoms of 
chronic venous insufficiency [2, 3]. Unfortunately, there is 
no reliable method to repair venous valves. Deep venous 
reflux causes more severe symptoms than superficial venous 
insufficiency. While it is important to be aware of the pres-
ence of deep venous reflux, the primary treatment for deep 
venous reflux is compression therapy. Superficial venous 
reflux is eminently treatable and the more common cause of 

varicose veins. Superficial veins carry little blood flow and 
therefore can be blocked or removed to treat venous disease. 
There is secondary redirection of superficial blood flow to 
other superficial veins or deep veins.

Valvular incompetence most commonly begins at the 
saphenofemoral (great saphenous vein) or saphenopopliteal 
(small saphenous vein) junction and leads to progressive 
peripheral reflux in one of the saphenous veins. Over time 
this reflux-induced venous hypertension spreads to superfi-
cial tributaries of the saphenous veins, which become dilated 
and tortuous; these are called varicose veins when larger than 
6 mm in diameter.

Smaller varicose veins are called reticular veins, and the 
smallest varicose veins are called spider veins [4]. Spider 
and reticular veins often occur without saphenous reflux and 
can be treated with sclerotherapy or surface laser treatment. 
However, when they occur in the presence of varicose veins, 
the patient should be evaluated for underlying saphenous 
reflux.

Varicose veins are seen in approximately 10–30% of the 
population. Higher incidence is seen in females older than 
age 45. No significant ethnic disparities have been found in 

Key Point
First-line treatment of deep venous reflux is compres-
sion therapy.

Key Point

• Varicose veins, superficial veins dilated to >4 mm
• Reticular veins, smaller varicose veins, approxi-

mately 2 mm
• Spider veins, smallest varicose veins, 0.3–1.5 mm
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the incidence of varicose veins [5]. In women, the appearance 
of varicose veins can often be traced back to pregnancy due 
to compression of pelvic veins by a gravid uterus. At clinical 
presentation, the varicosities are typically large in caliber 
and number and may be associated with ankle edema, medial 
ankle pigmentation changes, and worsening associated retic-
ular spider veins. There may a lag in presentation of a decade 
or more. Symptoms include leg fatigue or heaviness, which 
worsens with prolonged standing. The clinical presentation 
of patients with saphenous insufficiency can vary widely in 
age and severity, but the most consistent sign is the presence 
of varicose veins in the medial thigh or leg. Patients with 
varicose veins associated with advanced symptoms includ-
ing pigmentation, swelling, and ulceration are more likely to 
have concomitant deep venous insufficiency (Table 15.1).

Any condition that causes lower extremity venous hyper-
tension can result in valvular incompetence and subsequent 
varicose veins (Table 15.2).
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Fig. 15.1 Diagram of lower 
extremity venous anatomy

Table 15.1 Signs and symptoms of varicose veins

Symptoms Signs
Pain (aching sensation and muscle 
cramps)

Edema

Tightness Skin pigmentation/thickening
Heavy sensation of involved 
extremities

Atrophie blanche/
lipodermatosclerosis
Venous ulceration (shallow, 
irregular borders)

Table 15.2 Varicose vein associations and risk factors

Associations Risk Factors
Increased age Prior episode of deep or superficial 

venous thrombosis
Female Central venous obstruction
High estrogen levels May-Thurner syndrome
Multiparous Prolonged standing
Family history Prior varicose vein treatment
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In order to standardize the diagnostic criteria for chronic 
venous disorders, the Clinical-Etiology-Anatomy- 
Physiology (CEAP) classification of chronic venous disor-
ders was created (Table  15.3). This classification helps to 
create a systemic approach to clinical decision-making in the 
treatment of varicose veins.

An important concept to understand in the CEAP classifi-
cation scale is the difference between primary and secondary 
venous insufficiency. Primary classification refers to an idio-
pathic cause of venous valvular incompetence, while a sec-
ondary classification refers to post-thrombotic, traumatic, 
mechanical, or thermal/chemical causes of venous valvular 
incompetence [3].

 Clinical Indication

Patients with chronic venous disease are often seen in an out-
patient setting and not infrequently self-referred. With a 
focused history and physical examination, the experienced 
vascular specialist can quickly determine the etiology of the 
patient’s symptoms. For example, arterial disease will pres-
ent with a history of claudication or rest pain and diminished 
pulses, while venous disease will present with lower extremity 
fatigue, swelling, and varicose veins. Neurogenic disease 

may present as radiating pain down the leg. If the patient has 
no varicose veins, ankle edema, and ankle pigmentation, 
they can usually be reassured that their symptoms are not 
venous in origin [6].

For patients suspected of having saphenous insufficiency, 
a focused history should be obtained including characteriza-
tion of the complaint as well as any history of varicose veins, 
edema, pigmentation changes, peripheral arterial disease, 
prior lower extremity procedures or surgeries, prior history 
of DVT, and use of compression stockings.

After a thorough history and physical examination, all 
patients suspected of having superficial venous insufficiency 
undergo a duplex ultrasound (US). This study is critical to 
confirm saphenous insufficiency, look for deep venous reflux, 
and exclude DVT. The saphenous venous system (greater and 
small) and the deep venous system are evaluated in a systemic 
and segmental order to determine the level of venous valvular 
incompetence. It is important to map out the pathway of 
insufficiency between the superficial and deep veins.

An objective measure of valvular incompetence is 
obtained in an upright patient by compressing the leg just 
peripheral (toward the toes) to the vein segment being evalu-
ated and then releasing pressure and monitoring the degree 
of retrograde or reversal of flow seen on duplex US 
(Fig. 15.2). Reversal of flow greater than 0.5 s is diagnostic 
of valvular incompetence in the superficial venous system. 
Reversal of flow greater than 1.0 s is diagnostic of valvular 
incompetence in the deep venous system [7].

Once a pathologic saphenous vein(s) has been identified, 
a treatment plan is developed with the patient based on the 
CEAP and patient’s expectations.

Table 15.3 CEAP classification of chronic venous disorders [4]

Clinical classification
C0 No visible or palpable signs of venous disease
C1 Telangiectasias or reticular veins
C2 Varicose veins
C3 Edema
C4a Pigmentation or eczema
C4b Lipodermatosclerosis or atrophie blanche
C5 Healed venous ulcer
C6 Active venous ulcer
S Symptomatic including ache, pain, tightness, skin irritation, 

heaviness, muscle cramps, and other complaints attributable 
to venous dysfunction

A Asymptomatic
Etiologic classification
Ec Congenital (e.g., Klippel-Trenaunay syndrome)
Ep Primary
Es Secondary
En No venous cause identified
Anatomic classification
As Superficial veins
Ap Perforator veins
Ad Deep veins
An No venous pathology identifiable
Pathophysiologic classification
Pr Reflux
Po Obstruction
Pr,o Reflux and obstruction
Pn No venous pathology identifiable
Specific description of venous segments involved can be added to 
CEAP classification system

Key Point

• Arterial disease: claudication or rest pain and 
diminished pulses

• Venous disease: lower extremity fatigue, swelling, 
varicose veins

• Neurogenic disease: radiating pain

Key Point

• Valvular incompetence in superficial venous system, 
reversal of flow greater than 0.5 s

• Valvular incompetence in deep venous system, 
reversal of flow greater than 1.0 s
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 Conventional Therapy

Conservative management of varicose veins involves 
avoiding prolonged sitting or standing, leg elevation when 
possible, regular aerobic exercise, prescription-strength 
compression stockings, and wound care. Depending on the 
nature of their work, avoiding prolonged standing or sitting 
can be difficult for many patients. Leg elevation involves 
elevation of the feet to at least the level of the heart, which 
also can be difficult during the day. These maneuvers have 
been shown to increase antegrade venous blood flow rates, 
decrease skin edema, and promote the healing of chronic 
venous insufficiency related skin ulceration [8].

Exercise theoretically helps promote the antegrade flow of 
venous blood by promoting the calf pump mechanism and 
should be encouraged. However, it is also important to be 
aware of the limited exercise ability of patients with more 
severe manifestations of chronic venous insufficiency (e.g., 
lower extremity ulceration) [9]. Compression stockings are 
an important noninvasive adjunct to the treatment of varicose 
veins. Compression stockings are a form of external compres-
sion devices that provide a pressure gradient along the length 
of stocking with resultant increase in venous antegrade flow. 
Multiple randomized controlled trials have demonstrated the 
benefit of compression stockings in the treatment of chronic 
venous insufficiency, particularly in patients with skin ulcer-
ation [10]. Compression stockings are available in a spectrum 
of pressure strengths with recommendations for the pre-
scribed pressure gradient based on the severity of disease. 
The proximal-distal pressure strength for treatment of vari-
cose veins is commonly 20–30 mmHg or 30–40 mmHg [11]. 
Contraindications to the use of compression stockings include 
moderate to severe peripheral arterial disease and cellulitis, 
highlighting the importance of performing a thorough physi-

cal exam including an examination of the arterial system in 
this patient population [12]. The benefit of therapy with com-
pression stockings is highly dependent on patient compli-
ance. Beyond covering the offending veins, there remains 
debate on the relative importance of knee-high, thigh-high, or 
waist-high stockings. Lastly, proper wound care must be pro-
vided to patients with skin ulceration.

Saphenous vein stripping is the traditional surgical 
method for treating saphenous vein reflux. Surgical exposure 
of the saphenofemoral junction is performed followed by 
ligation and separation of the saphenous vein near the deep 
vein junction. An incision is next made at the distal level of 
desired vein removal, and a vein stripping probe is inserted 
into the distal aspect of the vein and pulled through the vein and 
removed through the incision at the proximal end. As this 
device inverts the vein, it separates it from the surrounding 
tissues, “stripping” the vein as it is pulled through. This oper-
ation can be effective but is more invasive and has higher 
morbidity than newer percutaneous approaches. In addition, 
there is increased risk of damage to the saphenous nerve 
when vein stripping is performed to a below the knee level [6]. 
Therefore, saphenous stripping has been almost completely 
replaced by endovenous thermal ablation.

Systematic reviews and meta-analysis of multiple ran-
domized controlled trials have shown no statistically signifi-
cant difference in primary failure or varicosity recurrence 
rates between endovenous radiofrequency ablation and 

Fig. 15.2 (a) Color Doppler US demonstrating reflux in the GSV. Red color is usually used to indicate reversal of flow. (b) Doppler waveform 
demonstrating antegrade flow (below horizontal line) followed by reversal of flow with several seconds of reflux (above horizontal line) in the GSV

Key Point
Exclude peripheral arterial disease as a cause of lower 
extremity symptoms before prescribing compression 
stockings.
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endovenous laser ablation compared with surgical vein strip-
ping. In addition, these endovenous therapies demonstrate 
lower rate of complications including DVT, post-procedural 
infection, hematoma, pain, and time to return to normal 
activity making them the preferred method [13].

 Interventional Therapy

Endovascular treatment of varicose veins focuses on symp-
tom relief and cosmetic results. The treatment plan usually 
consists of a combination of:

• Endovenous thermal ablation (EVTA) or commercially 
available forms of cyanoacrylate

• Ambulatory phlebectomy (AP)
• Ultrasound-guided foam sclerotherapy (USGFS)
• Sclerotherapy of visible veins
• Surface laser treatment of reticular veins and spider veins

It is occasionally appropriate to ablate more than one saphe-
nous vein in a single setting, but more commonly the more 
severely affected saphenous vein is ablated, and associated sur-
face varicosities are treated at the same visit with AP or 
USGFS. Some providers choose to ablate one saphenous vein 
only and treat the residual surface varicosities at a later date. If 
a patient has both GSV and SSV insufficiency vein in the same 
leg, it is generally advisable to treat the GSV first and treat the 
more peripheral vein (SSV or perforator) at a later date.

Endovascular treatment of saphenous reflux must target 
the most central extent of the superficial venous insufficiency 
to prevent early varicose vein recurrence. When surface 
varicosities are the result of saphenous reflux, the saphenous 
vein must be treated first. When spider or reticular veins are 
the result of refluxing surface varicosities, the saphenous 
vein must be treated first followed by the surface varicosities.

If a patient presents with pain and fatigue secondary to an 
incompetent saphenous vein and there are no varicosities, 
then that patient will only require EVTA of the saphenous 
vein. If they have a refluxing saphenous vein and symptomatic 
surface varicosities, then they will require EVTA of the 
saphenous vein with adjunctive therapy for the surface 
varicosities. The treatment of the additional varicose veins 
may be performed during the EVTA procedure, or they can 
be treated as needed at a subsequent visit.

Adjunctive therapies include AP and USGFS or both. 
When a patient has numerous long-standing surface varicosi-
ties, USGFS is often the best choice because many of the veins 
will be scarred down and difficult to remove with AP and they 
may require an overwhelming number of incisions which 
would take a prohibitive amount of time as USGFS can be 
performed much more efficiently. When a patient has a limited 
amount of surface varicosities and is most interested in the 
best cosmetic result, AP is the superior choice. Many patients 

will benefit most from a combination of AP and USGFS. 
While small incisions are left behind with AP, multiple 
thrombosed varicosities which take months to resorb are left 
behind after USGFS leading to delayed cosmetic results.

These procedures are commonly performed in the outpa-
tient setting. Most patients who only require EVTA +/− USGFS 
can undergo the procedure with local anesthesia only and do 
not require conscious sedation. AP, on the other hand, can be 
very painful and requires adequate conscious sedation.

While other therapies are emerging that do not require 
tumescence (injection of dilute lidocaine around the treated 
vein), EVTA remains the standard treatment for the saphenous 
vein. This is a catheter-directed therapy performed under 
ultrasound guidance. The basic maneuver is to access the GSV 
around the knee or the SSV in the mid-calf and advance the 
catheter up to 1–2 cm below the saphenofemoral junction or 
saphenopopliteal junction, inject tumescent anesthesia around 
the entire course of the saphenous vein, and then pull the cath-
eter peripherally while it emits heat to damage the intima and 
thrombose the vein. The purpose of tumescent anesthesia is to 
prevent pain while “burning” the vein, protect the overlying 
skin, protect the surrounding structures including nerves and 
arteries, and collapse the vein over the catheter in order to treat 
it most effectively. The two types of EVTA utilize either laser 
energy (endovenous laser ablation) or radiofrequency energy 
(radiofrequency ablation). Neither has been proven to have 
great advantages over the other [14]. While some busy 
practices use both technologies, many offices have one or the 
other based on user preferences. There is increasing interest in 
a proprietary formation of cyanoacrylate which appears to be 
very effective at occluding the saphenous vein without the side 
effects of thermal injury [15].

The overall success rate for EVTA in the treatment of 
varicose veins is very high. Randomized controlled trial studies 
demonstrate a greater than 90% success rate for EVTA (both 
with endovenous laser ablation and radiofrequency ablation) 
defined as absence of reflux in the GSV with no recurrent 
varices at 1 and 3 years [16]. The incidence of major complica-
tions such as DVT for EVTA is less than 1% [17, 18].

Important contraindications to EVTA include acute DVT 
and hypercoagulable states. Acute DVT causes an obstruc-
tion to the outflow in the deep venous system so one would 
not want to occlude the superficial venous system which is 
the only outflow tract from the extremity in that scenario 
[19]. Patients who have a hypercoagulable disease are pre-
disposed to have clot extend into the deep venous system 
after the saphenous vein is closed [20].

Key Point
The major complication of EVTA is DVT, which 
occurs in <1 % of patients.

15 Varicose Veins
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The How To: Endovenous Thermal Ablation (EVTA)
This section will explain the steps involved in EVTA, 
USGFS, and AP for treatment of varicose veins. These 
procedures are done on an elective outpatient basis 
and only after a thorough discussion of the risks of the 
procedure during the consent process. The most sub-
stantial risk is DVT if the heat-induced thrombus 
extends into a deep vein. This risk is less than 1% but 
all patients should be counseled on the signs and 
symptoms of DVT. Additional risks include bleeding, 
infection, paresthesia, nerve damage, and skin burns 
[17, 21].

1. The surface varicosities to be treated with adjunctive 
techniques are outlined on the skin with an indelible 
marker prior to EVTA.

2. Sterile preparation and draping of the leg undergoing 
treatment is performed with the patient in the supine posi-
tion. Trendelenburg position can be used to help increase 
distention of veins targeted for treatment.

3. Sonographic exclusion of DVT is performed and docu-
mented. The course of the saphenous vein is reviewed 
under real-time US guidance, and an appropriate access 
site is chosen based on size and tortuosity of the target 
saphenous vein. This is often at the level of the knee for 
the GSV or the mid-calf for the SSV.

4. Using US guidance, a 21-gauge micropuncture needle is 
used to access the vein. The access is upsized to a short 7F 
sheath for radiofrequency ablation or a long 5F sheath for 
endovenous laser ablation via the Seldinger technique 
(refer to Chap. 8 for more information). Newer techniques 
may use smaller sheaths up to 4F.

5. The radiofrequency ablation catheter alone or laser is 

below the saphenofemoral or saphenopopliteal junc-

7. The ablation device is activated, and ablation is achieved 
by withdrawing the device through the length of the vein. 
With endovenous laser ablation, this is performed with a 
slow steady pullback of the sheath. With radiofrequency 
ablation, this is performed in 7-cm segments with two 
cycles centrally and then one cycle for the remainder of 
the 7-cm segments.

8. Steri-Strips are applied to the incision and injection sites 
followed by a sterile dressing and compression 
stockings.

placed laser sheath, and the laser/sheath combination is 
pulled back to the desired starting position. The position 

15.3a).
6. The skin is marked at approximately 5- to 10-cm incre-

ments along the entire length of the catheter, and the skin 
is anesthetized at the leading ends of the marks. 

from peripheral to central in the perivenous space along 
the entire length of the catheter under ultrasound guid-

15.3b).

The How To: Ultrasound-Guided Foam
 Sclerotherapy (USGFS)

1. The varicosities that are to be treated are marked using an 
indelible marker.

2. Sterile preparation and draping of the leg undergoing treat-
ment is performed with the patient in the supine position.

3. The veins to be treated are localized by physical examina-
tion and with US guidance.

4.
or 1% polidocanol) is mixed into a foam solution with four 
parts air using two syringes and a three-way stopcock.

5.
injected directly into the varicosity at a 30-degree angle 
under US guidance with compression placed proximal 
and distal to the varicosity being treated in order to con-
tain the sclerosing agent in the varicosity.

6. Pressure is held at the injection site(s) for approximately 

7.
amount of foam has not entered the deep venous system.

Key Point
Contraindications to EVTA

• Acute DVT
• Hypercoagulable states

Key Point
Complications of EVTA/USGFS/AP

• DVT
• Bleeding
• Infection
• Paresthesia
• Nerve damage
• Skin burns
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The How To: Ambulatory Phlebectomy (AP)

1. The varicosities to be treated are marked using an indeli-
ble marker (upright is often easier).

2. Sterile preparation and draping of the leg undergoing 
treatment is performed with the patient in the supine 
position.

3. Ultrasound can be used to help identify the varicosities if 
necessary. Local anesthetic is injected for pain control. 
Tiny incisions are made near the varicosities, and the tis-
sues are dissected with a blunt microspatula.

4. The vein is captured with a #2 Mueller hook or similar 
device (similar in appearance to a crochet hook) and 
pulled through the small incision.

5. This process is repeated centrally and peripherally, and 
the vein is gently pulled back and forth and removed 
through the incisions. Sometimes long segments of veins 
can be removed in total, especially if there is a layer of 
adipose tissue between the dermis and the vein. If the 
veins are scarred against the dermis, then they can be dif-

possible.
6. Incisions are closed with Steri-Strips and a sterile dressing, 

and compression stockings are applied to the extremity.

After completion of the EVTA and adjunctive procedures, 
the patient is encouraged to ambulate normally and wear the 
compression stockings overnight for the first night and then 
daily for the first 10 days. Follow-up ultrasound should be 
performed in the first week to confirm closure of the saphe-
nous vein and confirm the absence of DVT. Maximum ben-
efit is usually achieved at 6 weeks, and follow-up at 6 months 
post-procedure will provide an opportunity to identify early 
recurrence.
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