VESSEL UPDATE: VARICOSE VEINS

Review of Chronic
Venous Insufficiency

From vein stripping to endovenous ablation,

a look at the various techniques available for treatment.

BY OLUSEGUN O. OSINBOWALE, MD, AND YUNG-WEI CHI, DO

hronic venous insufficiency (CVI) is a disorder

affecting 25% to 30% of women and approxi-

mately 15% of men in Western society.’

Varicose veins are the most recognized mani-
festation of CVI, affecting approximately one out of five
adults.? The first written reference to varicose veins is the
Egyptian Ebers papyrus, dated 1550 BC.>“ Patients with
venous insufficiency may present with a number of signs
and symptoms (Table 1). The size of varicose veins does
not directly correlate with the degree of venous hyper-
tension.> Saphenofemoral or saphenopopliteal reflux
occurs in 85% of patients with varicose veins as a result of
valvular incompetence. These incompetent superficial
veins are important targets for the management of CVI1.°
Other patients may have a congenital absence of compe-
tent valves.” Hippocrates was the first to note the associ-
ation between varicose veins and ulceration.> A number
of multinational studies have estimated that 1% of the
adult population are affected by venous ulceration at
some time in their lives.8

PATHOPHYSIOLOGY OF
VENOUS INSUFFICIENCY

All theories of venous ulceration (edema, valvular
incompetence, calf muscle pump dysfunction, white cell
trapping, fibrin cuffing, presence of arteriovenous mal-
formations and abnormal capillaries) implicate increased
venous pressure and damage to the microcirculation.?
The driving force for fluid filtration is capillary hydrostat-
ic pressure (Pc). Under supine conditions, Pc is approxi-
mately 25 mm Hg. Upon standing, changes in Starling
forces cause a sharp Pc increase to quadruple the supine
value. If no compensatory mechanisms come into play,
fluid filtration increases, and edema rapidly develops.

The increase in Pc while standing is normally offset by
two physiologic mechanisms: the postural vasoconstric-
tion (venoarterial) reflex and the functional calf muscle
pump, which are impaired in the presence of CVI. Under
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normal circumstances, these mechanisms help maintain
a low capillary hydrostatic pressure while standing and
walking.”'% In severe CVI, these mechanisms are impaired,
and perforator vein valves are often incompetent. In calf
muscle pump failure, blood from the deep venous sys-
tem does not siphon effectively, and deep vein pressures
may be transmitted to the superficial system and cause
an increase in filtration pressure, which leads to edema.
Solute delivery to the skin and transvascular exchange are
then compromised. Macromolecular exchange is altered,
demonstrated by extravasation of plasma proteins, fibrin,
and endothelial gaps large enough for erythrocytes to
pass through. These alterations may lead to increased
lymphatic burden and secondary lymphedema.’ Venous
insufficiency in obese individuals may be exacerbated by
lymphatic overload, causing further damage dermally
and subdermally.”

DIAGNOSIS

Venous duplex ultrasonography is a safe, noninvasive,
and cost-effective method of determining reflux in the
superficial, deep, and perforating venous systems. The
examination uses a high-resolution duplex ultrasound
machine with pulsed and color Doppler, typically with a
5- to 7.5-MHz transducer probe.” Venous duplex is

TABLE 1. SIGNS AND SYMPTOMS
OF CHRONIC VENOUS INSUFFICIENCY

Signs Symptoms
Varicose veins Leg pain
Telangiectasias ltching
Edema Paresthesias
Hyperpigmentation Cellulitis
Eczema Leg ulcer

Lipodermatosclerosis Variceal bleeding

Superficial thrombophlebitis




invaluable in documenting venous reflux, defined as
retrograde flow lasting for > 0.5 seconds, and other
underlying venous pathology such as thrombophlebitis.
An example of venous reflux is shown in Figure 1.
Ultrasound studies have demonstrated incompetent
valves with retrograde blood flow in many limbs where
varicose veins are not clinically apparent.’® Furthermore,
40% of limbs with venous ulceration may not have visible
varicose veins.” The CEAP classification (Clinical picture,
Etiology, Anatomic distribution, and Pathophysiology)
and VSS (Venous Severity Score) are widely accepted
tools for grading and monitoring a range of CVI manifes-
tations.'' A number of therapeutic approaches have
been used in the management of CVI, each with relative
strengths and weaknesses.

CONSERVATIVE MANAGEMENT

Horse chestnut seed extract (HCSE) has been shown in
vitro to inhibit the activity of elastase and hyaluronidase,
both involved in the enzymatic degradation of proteogly-
can, which constitutes part of the capillary endothelium.
Placebo-controlled randomized trials suggest a decrease
in lower leg volume and a reduction in leg circumference
at the calf and ankle with the use of HCSE. Although safe
and effective for symptomatic venous insufficiency, HCSE
may be associated with pruritus, nausea, headache, and
dizziness."

Bandaging for varicose veins has been a mode of treat-
ment since the time of Hippocrates.' Graduated com-
pression stockings (GCS) combined with an exercise regi-
men have been shown to control reflux and improve calf
muscle pump function in the setting of CVI."” Compliance
with GCS is a significant clinical limitation due to difficul-
ty wearing or tolerating compression from the garments.
GCS do not address the cosmetic concerns of individuals
with CVI. Identifying patients with surgically treatable
venous incompetence remains an essential component of
CVI management.'>"

The REACTIV trial involved 1,009 CVI subjects and
prospectively demonstrated significant improvement in
health care-related quality of life when managed with
surgery or sclerotherapy compared to conservative man-
agement.! Common strategies to address saphenous vein
reflux include high ligation and stripping, stab avulsions,
transilluminated powered phlebectomy, subfascial endo-
scopic perforator surgery, endovenous ablation, and
foam sclerotherapy.

INVASIVE STRATEGIES

High ligation has the theoretical advantage of pre-
serving the GSV for later use as a conduit for arterial or
coronary bypass procedures. Unfortunately, high liga-
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Figure 1. GSV reflux on duplex imaging.

tion without saphenous vein stripping fails to eliminate
axial reflux in most patients and is commonly associat-
ed with recurrent varicose veins.®'? Dissection of the
saphenofemoral junction can be associated with per-
sistent lymphatic leak, prolonged wound healing, and
wound infection. Varicose vein surgery is associated
with convalescence of up to 4 weeks.* Saphenous nerve
deficits may occur in 40% to 58% of patients who had
stripping to the ankle level, although the associated
paresthesias decrease over time and are unlikely to be
lifestyle-limiting.'

Vein stripping and ligation have become less favorable
with the clinical recognition and histological confirma-
tion of neovascularization after the procedure. Varicose
veins may recur in 20% to 60% of patients within 10 years
and in up to 70% beyond 10 years.“>'® The presence of
incompetent perforators in patients with advanced CVI is
an indication for perforator ligation. Introduction of sub-
fascial endoscopic perforator vein surgery using endo-
scopic instruments to interrupt incompetent perforators
through small ports has contributed to the abandon-
ment of open perforator ligation.® Transilluminated
power phlebectomy has similar efficacy to conventional
vein stripping; however, postoperative hematoma and
femoral nerve injury remain a concern without a signifi-
cant difference in postoperative pain and cosmetic satis-
faction compared to vein stripping.®™

MINIMALLY INVASIVE STRATEGIES
Sclerotherapy

Given the complications of invasive strategies, scle-
rotherapy emerged as an attractive alternative for treat-
ment of mild-to-moderate CVI. Liquid or foam scle-
rotherapy treats varicose veins by causing chemical-
mediated endoluminal obliteration and vessel involu-
tion. Ultrasound-guided foam sclerotherapy has been
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Figure 2. Patent GSV visualized above the knee, pre- and
postcompression.

used to address saphenous vein reflux as well as to treat
varicose tributaries. Minor complications of sclerothera-
py include pigmentation and superficial throm-
bophlebitis. More serious complications can include
cutaneous ulceration, anaphylaxis, and intra-arterial
injection.'

Up to 65% of patients treated by sclerotherapy alone
may develop recurrent varicose veins within 5 years,
particularly in the setting of saphenous reflux.>" In a
single-center prospective series of 332 patients treated
with sclerotherapy for venous insufficiency, 5.4% of
patients experienced adverse effects lasting fewer than
30 minutes including dry cough, ocular migraine, true
migraine, other visual disturbances, chest tightness,
panic attack, paresthesias, and myoclonus. Two patients
developed cutaneous necrosis. Deep venous thrombosis
(DVT) without pulmonary emboli occurred in 1.8%.2°
Successful sclerotherapy often requires multiple treat-
ments. Patient satisfaction may be similar within the
first year of sclerotherapy and surgery for CVI; however,
meta-analysis of trials with follow-up of at least 3 years
suggests greater longitudinal benefit with surgery.’
Currently, there are many chemical agents available for
sclerotherapy; however, only sodium tetradecyl sulfate
is approved by the Food and Drug Administration.

Endovenous Ablation

Endovenous radiofrequency ablation (RFA) and
endovenous laser treatment (EVLT) are minimally inva-
sive methods to treat incompetent saphenous veins and
have largely supplanted more invasive vein treatments.
The short- and midterm results for vein occlusion with
first-generation RFA (ClosurePlus [Vnus Medical
Technologies, San Jose, CA]) are approximately 90%
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Figure 3. Patent dilated GSV visualized below the knee, pre-
and postcompression.

Figure 4. Noncompressible GSV with scar formation after
vein ablation.

after 5 years and approximately 95% for EVLT after 2
years.2 Endovenous ablation for the treatment of saphe-
nous vein reflux and CVI has been approved in the
United States since 1999. RFA uses a radiofrequency
generator and specialized catheter to heat the vein wall.
The net effect is maximal venous contraction due to
vessel spasm and collagen shrinkage.” EVLT is thought
to cause venous occlusion and eventual involution
either by the generation of steam bubbles from heated
venous blood or by direct thermal wall damage from
the laser.?’

The general technique is similar for either modality.
Veins treated with endovenous ablation should ideally
be free of severe tortuosity or thrombus and without
aneurysm. Using ultrasound guidance, access is gained
to the great saphenous vein (GSV) or lesser saphenous
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vein via the Seldinger technique. The tip of the thermal
apparatus is positioned at least 1 cm from the saphe-
nofemoral or saphenopopliteal junction.’??' Tumescent
anesthesia fluid (eg, 1% lidocaine and 1:100.000 epi-
nephrine) is dispensed along the course of the target
vein with at least 1-cm distance from the overlying skin
to provide pain relief and reduce the risk of thermal
injury. Tumescent anesthesia also contributes to vein
spasm, which helps to eliminate blood flow within the
treated vein. Once device positioning and anesthesia are
performed, the energy source is activated, and the laser
fiber is pulled back at a slow, steady rate. A pullback
rate of 2 to 3 mm per second is advocated for EVLT.2' A
pullback speed that is too fast will be ineffective. The
ClosureFast catheter uses segmental ablation technolo-
gy to heat a 7-cm segment of vein for 20 seconds at a
time. More thermal energy is applied within the first
10 cm from the saphenofemoral junction, either via
slower initial pullback speed or dual-thermal activa-
tions, in order to maximize closure rates. The GSV is
usually treated to the proximal calf or knee crease.
Bandaging or use of a 30-to 40-mm Hg stocking follows
vein treatment, and a venous duplex ultrasound within
72 hours is recommended to confirm vein closure and
evaluate for postprocedural DVT."'2?" Typical duplex
images of a GSV before and after endovenous ablation
are shown in Figures 1 through 4. Endovenous ablation
does not require hospitalization and can be performed
in an office setting.® Relative contraindications include
coagulopathy, liver dysfunction limiting local anesthetic
use, immobility, pregnancy, and breast-feeding.?'

Both endovenous ablation modalities have been
shown to reduce CVI symptoms in the majority of eligi-
ble patients. Whereas ClosurePlus heated the vein wall
up to 85°C and required a gradual pullback, the next-
generation ClosureFast catheter, launched in 2007, heats
the vein wall up to 120°C in contiguous 7-cm segments
at 20 seconds per segment. ClosureFast offers shorter
ablation time and improved vein closure rates—up from
92% to 96% to 100% within the first 6 months—com-
pared to ClosurePlus.?223 Skin paresthesia is the most
common adverse effect after RFA, affecting 3% to 19% of
patients within the first week and improving to 1% to
6% within 24 months. DVT rates range from 1% to 2%."
In a review series of EVLT with 810-, 940-, and 980-nm-
wavelength lasers, which heat up to much higher tem-
peratures than RF catheters, consistent GSV closure rates
of 90% to 100% were observed. Pulmonary embolism, an
extremely rare complication of DVT after endovenous
therapy, had reported incidences below 0.05%.%'

The EVOLVeS study prospectively evaluated 85 CVI
patients randomized to RFA or stripping and ligation
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(surgery). Rates of procedure-related complications,
patient recuperation, and quality-of-life outcomes were
assessed. The immediate GSV closure rate was 95% with
RFA versus 100% with surgery. There was significantly
less postprocedural pain and less time to return to rou-
tine daily activities and work with RFA within 3 weeks
of the procedure.? Forty-five patients were re-examined
at 1 year, and 65 were re-examined 2 years after treat-
ment. Follow-up visits included clinical examination
with CEAP classification and calculation of venous clini-
cal severity score (VCSS), ultrasound examination, and a
quality-of-life questionnaire. Neovascularization was
found in one RFA case and in four surgical cases. There
was a statistically nonsignificant trend toward lower rates
of recurrent varicose veins at combined 1- and 2-year fol-
low-up: 14% for RFA and 21% for surgery. Improved qual-
ity-of-life scores persisted through the 2-year observa-
tions in the RFA group compared to the surgical group.?®

“Endovenous ablation for the
treatment of saphenous vein reflux
and CVI has been approved in the

United States since 1999.”

Meta-analysis of eight studies published between
1994 and 2007 revealed significant reductions in tender-
ness and ecchymosis at 1 week and significantly fewer
hematomas at 72 hours, 1 week, and 3 weeks with RFA
versus surgery. There was no significant difference
between RFA and surgery in immediate or complete
GSV occlusion, incomplete GSV closure, freedom from
reflux, recurrent varicose veins, recanalization, or neo-
vascularization. Quality-of-life results significantly favor-
ing RFA over surgery included return to normal activity
and return to work."®

Although both RFA and EVLT allow vein ablation
with low rates of DVT and pulmonary embolism, EVLT
has been associated with greater postprocedural
pain.’?2! This may be due in part to the direct relation-
ship between amount of laser energy and achievement
of vein closure.? In a prospective, randomized, single-
blinded multicenter study, RFA and EVLT were directly
compared. RFA was associated with improved recovery
and quality-of-life parameters compared with 980-nm
EVLT of the GSV. All scores referable to pain, ecchymo-
sis, and tenderness were statistically lower in the RFA
group at 48 hours, 1 week, and 2 weeks. There were no
major complications with either modality.?®

Relative effects of different laser wavelengths have
been prospectively evaluated. One blinded, randomized
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investigation compared the effects of 810- and 980-nm
diode lasers in treatment of saphenous venous insuffi-
ciency in 60 limbs with 12 months follow-up. The 810-
nm wavelength is specific for hemoglobin absorption,
whereas the 980-nm wavelength is specific for hemo-
globin and water. One week after the procedure,
patients in the 980-nm group showed significantly less
bruising at the procedure site than the patients in the
810-nm group. Pain and varicose vein rating were signifi-
cantly lower in the 980-nm-treated patients at 4 months
versus the 810-nm group. Itching was significantly less
3 weeks after the procedure for the 810-nm group
compared with the 980-nm group, but this difference
was not maintained at the 4-month visit. There was no
major complication with either laser wavelength.?”’

Attention has recently been focused on the utility
and efficacy of high-wavelength/water-specific wave-
length lasers (1,320-1,470 nm) in management of CVL.
It has been suggested that higher wavelengths may be
efficacious in ablating incompetent saphenous veins,
using less energy while minimizing procedural pain
compared to conventional EVLT.?® Further study is
required to confirm this assertion. Although endove-
nous therapy is most often used in downstream man-
agement of CVI, it has a recognized role in prevention
of venous insufficiency.?

CONCLUSION

CVlis a clinical disease with a wide spectrum of causes
and manifestations. It carries a high potential for morbidi-
ty if left unaddressed. The roles of prevention and conser-
vative management of CVI are often suppressed by
delayed diagnosis or presentation. Traditionally wide-
spread use of high vein ligation and stripping has given
way to less-invasive ultrasound-guided thermal tech-
niques such as endovenous laser and radiofrequency abla-
tion, with high rates of improvement in quality of life.
Future management goals include improving vein closure
rates while decreasing adverse effects related to treat-
ment. B
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