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VENOUS DISEASE

Small Saphenous Vein
Reflux: Patterns and Pitfalls
Influencing Treatment

Understanding anatomic variability, reflux complexity, and procedural nuances to optimize

outcomes in SSV insufficiency.

By Gillian J. Lee, MD, MPH, and Sherry D. Scovell, MD, FACS

ue to the higher prevalence of reflux, much of
the literature focuses on the great saphenous
vein (GSV)." However, 10% to 20% of patients
who present with symptomatic varicose
veins have incompetence of the small saphenous vein
(SSV).2 The SSV is distinctly different from the GSV with
respect to presentation, anatomic challenges, and out-
comes. Patients with SSV incompetence tend to present
at an older age, with fewer visible varicose veins, and a
lower Venous Clinical Severity Score.> Anatomic varia-
tion of the SSV at the saphenopopliteal junction (SP))
and proximity to tibial and sural nerves make its treat-
ment more complex than the GSV. Finally, some studies
have demonstrated an increased incidence of postpro-
cedure thrombus extension and paresthesia after endo-
venous treatment of the SSV.%> For these reasons, it is
essential to evaluate all patients presenting with venous
insufficiency for incompetence of the SSV to determine
the extent and pattern of reflux and understand these
unique characteristics when determining an appropri-
ate treatment strategy.

ANATOMY

The SSV originates from the lateral marginal vein
of the foot, courses posterior to the lateral malleolus,
and extends proximally along the posterior aspect of
the calf, typically between the bellies of the gastroc-
nemius muscle within its fascial compartment.® Most
commonly, the SSV will drain into the popliteal vein
(PV). The gastrocnemius veins (GVs) drain into the PV
in over 80% of people, although they can also join the
proximal SSV.
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An SP) is present in approximately 75% of limbs and
located within 4 cm of the popliteal skin crease; it is
otherwise absent or rudimentary in 25%.° In approxi-
mately 70% of limbs, the SSV continues superiorly as the
cranial extension of the SSV. The vein courses between
the semitendinosus and biceps femoris muscles and
may connect to a sciatic perforating vein of the thigh,
the inferior gluteal vein, or the femoral vein via a thigh
perforator.”® When the cranial extension of the SSV joins
the posterior thigh circumflex vein and ultimately con-
nects with the GSV, it is termed the intersaphenous vein
(ISV; formerly known as the vein of Giacomini).?

Considerable anatomic variability exists at the level
of the popliteal fossa. Three main specific patterns
regarding the SP) junction have been classified*”:

« Type A:SSV joins the PV directly with the pres-
ence of a cranial extension of the SSV or ISV com-
ing off the proximal SSV.

« Type B: SSV continues cephalad as either a cranial
extension of the SSV or ISV. There is a small con-
nection with the PV via a tiny “anastomotic” vein.

« Type C: SSV has no direct connection into the PV,
and the SSV continues proximally as a cranial exten-
sion of the SSV or ISV above the popliteal fossa.

The neuroanatomy of the popliteal fossa and pos-
terior leg is pertinent in SSV treatment. The sciatic
nerve descends the posterior thigh and divides into
the tibial and common peroneal nerves in the popli-
teal area. The tibial nerve continues inferiorly toward
the medial ankle and innervates muscles for plantar
flexion of the ankle and sensation in the plantar sur-
face of the foot."



The medial sural cutaneous nerve is a sensory nerve
that runs adjacent to the SSV in the distal third of
the leg. The proximal and mid SSV is located within a
fascial compartment deep to the superficial fascia and
superficial to the deep muscular fascia, and the medial
sural cutaneous nerve is situated under the deep mus-
cular fascia. However, below the inferior border of the
gastrocnemius muscle, the medial sural cutaneous
nerve becomes more superficial and lies adjacent to
the SSV, making it more prone to injury." The sural
nerve is purely sensory, and injury can lead to neu-
ropathy in the posterolateral aspect of the distal third
of the leg and the lateral aspect of the foot.®

REFLUX PATTERNS

Duplex ultrasound is essential for accurate charac-
terization of venous disease and hemodynamic assess-
ment. Reflux in the SSV is defined as a minimum value
of > 500 ms of reversed flow when the patient is evalu-
ated in the standing position.” The use of color flow
imaging is critical for accurately determining reflux
patterns within the SSV system. A complete venous
ultrasound for reflux should include evaluation of the
SSV, the cranial extension of the SSV, any connection
between the GVs and the SSV, incompetent perforator
veins, axial reflux of the GSV, and mapping of adjacent
varicose veins to determine their origin. In one study,
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only 50% of evaluated limbs demonstrated combined
SPJ and SSV reflux, while the remaining limbs exhibit-
ed various combinations of reflux involving the cranial
extension of the SSV/ISV, GVs, perforator veins, and
tributaries.’

Reflux patterns in the SSV have significant variabil-
ity, reflecting the complex anatomy of this system.
Several of these patterns include descending reflux
extending from the SJP into the SSV, with or without
adjacent reflux in the PV, or ascending reflux in the
SSV with adjacent dilated tributary varicose veins. This
latter pattern of reflux may be segmental, signifying
early venous disease; in this case, consideration of a
saphenous-sparing procedure, such as ASVAL (ambu-
latory selective varicose vein ablation under local anes-
thesia), may be appropriate. Less commonly, reflux
from tributary varicose veins or an incompetent per-
forating vein may lead to segmental SSV reflux. There
may be reflux in the GSV and SSV simultaneously with
connecting tributary varicosities on the posterior and
medial aspect of the calf.? Proper mapping with duplex
ultrasound allows for determination of the appropri-
ate treatment modality.

TREATMENT OPTIONS
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Figure 1. Ultrasound mapping of Figure 2. For thermal ablation procedures, access should be obtained at or above the infe-

the SSV prior to the procedure.

clinical practice guidelines recommend endovenous
ablation of incompetent SSV as opposed to high liga-
tion and stripping.’ A randomized controlled trial
comparing high ligation and stripping to endovenous
laser ablation (EVLA) found lower anatomic closure
rates and increased sensory disturbance in the 1-month
postoperative period for ligation, with persistent differ-
ences in closure rates extending to 2 years in favor of
endovenous closure.™

When deciding between thermal and nonthermal
treatment options, consideration of the risks of ther-
mal nerve injury and anatomy should be considered,
especially in the distal calf. Thermal tumescent abla-
tion options include EVLA and radiofrequency abla-
tion (RFA), while nonthermal, nontumescent (NTNT)
options include cyanoacrylate closure, chemical abla-
tion, and mechanochemical endovenous ablation
(MOCA). The NTNT options offer advantages, such as
no risk to the adjacent nerves and the ability to treat
the SSV in the distal calf, if needed.

When treating isolated SSV insufficiency, prone
patient positioning facilitates optimal imaging and
venous access. A preprocedural ultrasound with map-
ping is often helpful to define the anatomy, select
the access site, and determine the treatment length
(Figure 1). It is important to note whether the GVs join
the SSV and if there is a cranial extension of the SSV.
For thermal tumescent ablation procedures, access
should be obtained at the lowest point of incompe-

rior border of the gastrocnemius muscle to avoid thermal injury to the sural nerve.

tence but not below the level of the inferior border

of the gastrocnemius muscle, given the proximity of
the sural nerve to the SSV in the lower third of the
calf (Figure 2). The SSV will typically deepen its course
as it approaches the PV and appear as a 45° bend
approximately 2 cm in length (ie, the fascial curve).' If
performing thermal ablation, the catheter tip should
be positioned (1) at the level where the fascial curve
begins to avoid injury to the tibial nerve and decrease
the risk of ablation-related thrombus extension (ARTE)
and (2) caudal to the GVs, if they join the SSV directly,
to assure continued patency (Figure 3).

In the presence of a high SP), the proximal SSV is in
closer proximity to the tibial nerve, which should be
identified on ultrasound (appearing as a honeycomb
pattern) if possible. In this case, tumescent anesthesia
may be used to push the tibial nerve away from the
SSV; however, this maneuver is seldom necessary when
the catheter tip is placed at the fascial curve. Because
the SSV lies within a fascia sheath similar to the GSV,
administration of adequate perivenous tumescent
anesthesia is comparable. However, the SSV may be
more superficial than the GSV, so it is important to
use enough tumescent to create at least 1 cm of dis-
tance from the skin to avoid skin burns.

In clinically significant reflux in the SSV and cranial
extension of the SSV, the catheter or laser fiber may
be inserted into the SSV and directed into the cranial
extension. If this maneuver is not accomplished easily,
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Catheter tip in SSV
at fascial curve
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Figure 3. Ultrasound image of the SSV with the tip of the catheter at the fascial curve, where it dives through the fascia to

join the PV.

a separate puncture site for the cranial extension may
be needed. When treating the cranial extension of the
SSV/ISV, care should be taken to identify the tibial
nerve, typically located cephalad and close to the bifur-
cation of the SSV and cranial extension."” For NTNT
procedures, the SSV may be cannulated more distally
if necessary, although the incidence of clinically signifi-
cant reflux in the distal calf is low.'

ANATOMIC SUCCESS RATES AND
COMPLICATIONS

Anatomic success rates for ablation procedures range
from 89% to 98%. Anatomic success rates for thermal
tumescent ablation typically range from 95% to 98%.
A recent trial comparing RFA to cyanoacrylate closure
demonstrated no significant difference in symptom
relief and comparable occlusion rates.’ Studies on
endovenous microfoam chemical ablation procedures
in the SSV have documented closure rates of 89% to
93%, with one study noting that sequential planned
treatments may be necessary in select patients.'”'®

Some studies have noted a higher incidence of
thrombophlebitis and skin pigmentation with chemi-
cal ablation. Initial trials demonstrated a slightly high-
er risk of thrombotic events. However, a contempo-
rary study outlines adjunctive techniques to decrease
these thrombotic risks.” These maneuvers include leg
elevation > 45°, ultrasound mapping and digital occlu-
sion of large perforator veins, limitation of foam vol-
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ume per session, injection of saline prior to treatment,
dorsi and plantar flexion of the leg after microfoam
injection, and compression of the leg while in the
elevated position. Additional benefits of microfoam
chemical ablation compared to other NTNT methods
include the ability to simultaneously treat associated
tributary varicosities. However, multiple sessions may
be needed to achieve adequate long-term closure of
the SSV." Finally, a small retrospective study com-
paring MOCA to surgery found less pain and earlier
return to work for the MOCA group. Additionally,
there was no paresthesia in the MOCA group, com-
pared to 3.4% of patients in the surgery group.?®

Complications associated with endovenous ablation
of the SSV are similar to the treatment of the GSV and
include ARTE, deep vein thrombosis (DVT), pulmo-
nary embolism, and nerve injury. In a study evaluat-
ing efficacy and complications of EVLA of the SSV,
5.7% of treated limbs developed a DVT, defined as
thrombus extending into the PV from the SP). Patients
with type A SSV anatomy (with an SP) without sig-
nificant branches) had increased odds of developing
an ARTE.“ For patients with symptomatic ARTE after
endovenous ablation, anticoagulation with a direct
oral anticoagulant is recommended over a vitamin K
antagonist.” The incidence of sural neuralgia after
endovenous thermal ablation of the SSV ranges from
4.4% to 26%, with most patients experiencing tran-
sient cutaneous numbness.2"?2



In a recent, large national venous registry database
study evaluating outcomes after SSV ablation, there
was a 2.8% recanalization rate at any time point, with
48% occurring within the first year.?* Predictors of
recanalization were larger vein diameter, shorter SSV
length, and lower volume of tumescent anesthesia
used. Procedural complications included pain (28%)
and skin staining (7%), with peripheral neuropathy
occurring in only < 0.1%.

CONCLUSION

SSV incompetence, although less prevalent than
GSV incompetence, occurs in 20% of patients with
varicose veins, and evaluation should be routine in
the workup of chronic venous disease. There are dis-
tinct differences between the SSV and GSV, including
presentation, anatomy, and outcomes. To avoid com-
plications, this great variability in the anatomy of the
SSV system and reflux should be carefully assessed by
color Doppler prior to treatment planning and during
endovenous procedures. B
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