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ABSTRACT

Objective: The aim of this study was to reveal the frequency and impact of perforating venous insufficiency
(PVI) in chronic venous insufficiency (CVI) of lower extremity (LE).

Materials and Methods: Between 2012 and 2017, a total of | 154 patients [781 females (67.68%) and 373
males (32.32%), 228 (19.76%) unilateral and 926 (80.24%) bilateral LE] were examined using Doppler ul-
trasound (US). A total of 2080 venous systems of LEs [31.4% male (n=653) and 68.6% female (n=1427);
1056 left LEs (50.77%) and 1024 right LEs (49.23%)] were examined. All patients had symptoms of venous
insufficiency (V1).

Results: PVI was revealed in 27.5% (n=571) of LEs. Varicose veins (VVs) related with perforating vein (PV)
were revealed in 44.7% of LEs (n=929). PVI was observed in 50.9 1% of patients with chronic deep venous
thrombosis (DVT), 64.419% with deep venous insufficiency (DVI), 59.819% with great saphenous vein (GSV)
insufficiency, 68.49% with small saphenous vein (SSV) insufficiency, 58.65% with accessory GSV insufficiency,
and 58.77% with PV associated with VVs. There was a statistically significant relationship between PVI and
chronic DVT, DVI, GSV, SSV, and accessory GSV insufficiency (p<0.001). A significant relationship was ob-
served between the increase in PV diameter and the presence of PVI (p<0.001).

Conclusion: PVl is quite common in combined VI, and PV evaluation should be a part of LE venous system
examination.
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Introduction

Chronic venous insufficiency (CVI) may lead to many physical and cosmetic problems that
compromise the quality of life [1]. Preoperative color Doppler ultrasound (US) evaluation of
the deep venous system (DVS) and superficial venous system (SVS) in terms of insufficiency
and varicose veins (VV) has been considered as a routine procedure [2, 3]. Approximately
half of all Vls occur in multiple levels or is combined [ I, 4]. Although there are |50 perforat-
ing veins (PVs) in the lower extremity (LE), only a few of them are clinically significant [5].
Perforators are located between the deep and the superficial veins [great saphenous vein
(GSV), small saphenous vein (SSV), anterior or posterior accessory GSV or VVs]. Because
PVs drain into SVS from DVS by penetrating the muscle fascia, any failure in the valves of
these structures directly leads to SVS insufficiency and VV [6, 7]. PV may play a critical role
in the development of VV and non-healing venous ulcers by becoming the reason of venous
hypertension. Despite the fact that there are many studies on PVs in the literature, its effects
on hemodynamics are still controversial [6, 8, 9]. The role of PVs in the etiology and man-
agement of VVs and CVI continues to be debated [10]. The aim of this study was to assess
the impact and frequency of perforating venous insufficiency (PVI) in combined CVI of LE
detected by Doppler US.

Materials and Methods

This study was approved by the local research ethics committee. All patients were con-
tacted by post, and written informed consent was obtained from each patient prior to the
Doppler US examination. All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments or comparable
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ethical standards. This prospective controlled
study was performed from April 2012 to July
2017. A total of 154 patients [781 females
(67.68%) and 373 males (32.32%)] with com-
plaints or symptoms of venous insufficiency
(VI; such as leg edema, pain, ulcers, cramps,
itching, thickening of the skin, color change
around the ankles of the skin, having VVs, or
feeling of tension in the legs) were included
in this study.

All LE venous Doppler US examinations were
performed by a single radiologist who had 10
years of experience in Doppler US (M.S.D).
The patients were in the age range of [4-87
years (mean, 46 years). All patients were evalu-
ated using Doppler US examinations: unilateral
LE was examined in 228 of them and bilateral
LEs were examined in the remaining 926. A
total of 2080 venous systems of LEs were
examined. In total, 168 patients, including
patients with acute superficial vein thrombo-
sis (SVT) and deep vein thrombosis (DVT),
elderly patients who could not stand up, and
patients who did not cooperate to Valsalva’s
maneuver, were excluded from the study.

Doppler US was performed with a high-
frequency (7.5 MHz) linear array transducer
TOSHIBA Aplio 300 (Toshiba Medical System
Corporation, Tokyo, Japan). All the path-
ological findings and levels were recorded
separately. The Doppler US examination for
reflux began with a standard US examina-
tion of the DVS performed with the patient
in the supine position to exclude DVT and
SVT. Then, the patients were evaluated while
they were in an upright position, in terms of
deep venous insufficiency (DVI) and superfi-
cial venous insufficiency (SVI). The patient was
requested to support her/his body weight to
the side that was not being examined. In this
way, by shifting one's body weight, a patient
could relax the muscle of the leg under
examination and so the presence of reflux
could be detected. The Valsalva's maneuver
was used to evaluate the valvular competence
of DVS. Valvular competence of SVS and
PVs was evaluated at rest with the Valsalva's
maneuver and on compression of the distal
parts of the calf. GSV, SSV, and anterior/pos-
terior accessory GSV territory from the thigh
to calf were evaluated. Moreover, "“the thigh
perforators” include the medial thigh (hunter’s
PV), anterior thigh, and posterior thigh PVs;
“the knee perforators” include the medial
knee (Boyd's PV) and popliteal fossa PVs; and
“the leg perforators” include the paratibial
(Sherman PV), posterior tibial (Cockett's PVs),
anterior leg, lateral leg, and posterior leg

(medial and lateral gastrocnemius, interge-
mellar) PVs that were evaluated as shown in
Figure |. PVs were assessed in the transverse
and oblique scanning planes, and the diameter
of PVs as detected by US was noted. Maximal
diameters of PVs were measured at the supra-
fascial-subfascial connection level (Figure 2).
Augmentation of blood flow by compression
of the limb below the perforator and Valsalva’s
maneuver was used to assess valvular integrity
(Figure 3). Reflux flow of more than 0.5 s
was used as criterion for significant VI and in

PVs, DVS, and SVS on spectral Doppler imag-
ing. DVI, GSV, SSV, and PVI were recorded
(Figure 4). Anterior and posterior acces-
sory GSV insufficiency were separately noted.
Moreover, it was evaluated whether the rela-
tionship between the PVI or other VI existed.
The duration of the examination was approxi-
mately 20 min for each LE venous system. The

US reports and images were saved on a digital
US database and later to a computer media
(23-inch, full HD, 1920% 1080 resolution, Dell,
Intel Corporation, US).

f E h*'-.l'lﬁlll ‘""“'“': """."“H"‘H.'imi

Figure 2. a-d. Sonographic evaluation of PV. PV obliquely perforates the deep muscular fascia and
associates the with the superficial vein (a), diameter of PV measured at the suprafascial-subfascial
connection level (b), augmentation of blood flow by compression of the limb below PV and Valsalva’s
maneuver are used to assess valvular integrity with color flow imaging (c), and spectral Doppler

imaging (d)
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Figure 3. a-e. Sonographic imaging of perforating vein (PV) associated with varicose vein and
saphenous veins. Enlarged posterior tibial (Cockett’s) PV obliquely perforates the deep muscular
fascia and connects with the crural varicose vein (a). Power Doppler imaging showing reflux both in
the posterior tibial PV and in the varicose vein following a Valsalva’s maneuver (b). Spectral Doppler
imaging showing significant reflux in the paratibial (Sherman) PV following a Valsalva’s maneuver (c).
Spectral Doppler imaging showing significant reflux in the medial thigh (Hunter’s) PV associated with
saphenous vein following compression of the distal parts of the calf (d). Power Doppler imaging
showing reflux in the posterior leg (lateral gastrocnemius) PV associated with small saphenous vein
following a Valsalva’s maneuver (e)

Figure 4. a-c. Reflux in saphenous veins. Longitudinal view and spectral Doppler imaging show
significant reflux in the great saphenous vein at the level of distal thirds of the thigh following a
Valsalva’s maneuver (a). Spectral Doppler imaging showing significant reflux in the great saphenous
vein at the level of distal thirds of the thigh (b) and in the small saphenous vein distal to the sapheno-
popliteal junction in the proximal cruris, following compression of the distal parts of the calf (c)

Table |. Number of incompetent PVs

Perforating vein Number (Percent)

Medial thigh (Hunter’s) perforating veins 104 (8.25 %)

Anterior thigh perforating veins 26 (2.06 %)
Posterior thigh perforating veins 78 (6.20 %)
Medial knee (Boyd’s) perforating veins 188 (14.92 %)

Popliteal fossa perforating veins 89 (7.06 %)

Paratibial (Sherman) perforating veins 116 (9.20 %)
Posterior tibial (Cockett’s) perforating veins 325 (25.80 %)
Anterior leg perforating veins 35277 %)
Lateral leg perforating veins 34 (2.70 %)

Posterior leg (medial and lateral gastrocnemius, intergemellar) perforating veins 265 (21.03 %)

Total 1260 (100 %)

Statistical analysis

Statistical analysis to evaluate the data was per-
formed using SPSS packet program (Statistical
Package for Social Sciences, version 15, SPSS
Inc., Chicago, lllinois, USA). Normal distribu-
tion of continuous variables was tested using
the Kolmogorov—Smirnov test. Primarily, the
definitive statistics related to the variables were
evaluated. Descriptive statistics were expressed
as mean, standard deviation, frequency, and per-
centile. Statistical analysis was performed using
the chi-square and Mann—Whitney U tests. The
chi-square test was used to determine the rela-
tionship between PVI and PV associated with
VVs, chronic DVT, DVI, GSV insufficiency, SSV
insufficiency, and accessory GSV insufficiency.
The Mann—Whitney U test was used to deter-
mine the relationship between the presence of
PVl and the increase in PV diameter. Values of
p<0.05 were considered significant.

Results

In total, 2080 venous systems of LEs were
examined. PVI was observed in 1260 PVs and
27.5% (n=571) of LEs. Significant reflux was
most commonly detected in the posterior tibi-
al, posterior leg, and medial knee PVs (Table ).
VVs related with PVs were revealed in 44.7% of
LEs (n=929). Doppler US examination showed
reflux in these VVs. PVl was observed in 546 of
the 929 LEs (58.77%) in which LEs PVs were
associated with VVs. The reflux started from
an incompetent PV located directly at the
peripheral side of VVs. There was a statistically
significant relationship between PVs associated
with VVs and PVI (p<0.001) (Table 2). Chronic
DVT was observed in 2.6% (n=55) of LEs.
PVI was also observed in 50.91% of patients
with chronic DVT. There was a statistically
significant relationship between chronic DVT
and PVI (p<0.001).

DVI was revealed in 295 (14.2%) of LEs. DVI
was observed only in the main femoral vein
(FV) 172 (58.3%), only in the FV 21 (7.12%),
only in the deep FV 3 (1.02%), only the in
popliteal vein 27 (9.15%), in multiple veins
72 (21.24%) of 295 LEs with DVI. PVI was
observed in 190 (64.41%) of 295 LEs with DVI.
There was a statistically significant relationship
between DVI and PVI (p<0.001).

GSV insufficiency was revealed in 34.80%
(n=724) of LEs. PVI was observed in 59.81%
(n=433) of patients with GSV insufficiency.
There was a statistically significant relationship
between GSV insufficiency and PVI (p<0.001).

SSV insufficiency was revealed in 10.5%
(n=219) of LEs. PVI was observed in 150
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Table 2. Degrees of association between duration of hemodialysis and clinical measurements in CKD group

Perforating vein associated
with varicose veins

Absent Present Total p
Perforating venous insufficiency Absent 1126 383 1509 <0.001
Present 25 546 571

p<0.05 was considered to be statistically significant.

Table 3. Relationship between PV insufficiency and chronic DVT, DVI, GSVI, SSVI, and accessory GSVI

Perforating venous insufficiency

Absent Present p

Chronic deep venous thrombosis Absent 1482 543 <0.001
Present 27 28

Deep venous insufficiency Absent 1404 381 <0.001
Present 105 190

Great saphenous vein insuffiency Absent 1218 138 <0.001
Present 291 433

Small saphenous vein insuffiency Absent 1440 421 <0.001
Present 69 150

Accessory great saphenous vein insufficiency Absent 1466 510 <0.001
Present 43 6l

Total 1509 571

p<0.05 was considered to be statistically significant.

(68.49%) patients with SSV insufficiency.
There was a statistically significant relationship
between SSV insufficiency and PVI (p<0.001).

We also found anterior and/or posterior
accessory GSV insufficiency in 5% (n=104)
of LEs. PVl was observed in 58.65% (n=61)
of patients with accessory GSV insufficiency.
There was a statistically significant relation-
ship between accessory GSV insufficiency and
PVI (p<0.001). PVI frequency increased with
increasing number of veins with VI in deep and
superficial veins, and a statistically significant
relationship was found (p<0.001).

The smallest diameter of PV with insufficiency
was 2.0 mm, and the largest diameter was 5.1
mm. The mean diameter of PVs with insuf-
ficiency was 3.24 mm. PVs that were detected
during US examination but were not insuf-
ficient had a mean diameter of .85 mm. A
significant relationship was observed between
the increase in PV diameter and the presence
of PVI (p<0.001).

In conclusion, we found a statistically significant
relationship between PVI and PV associated
with VVs, chronic DVT, DVI, GSV, SSV. and
accessory GSV insufficiency (p<0.001). These

parameter values related to PVI are presented
in detail in Table 3. Moreover, PVI frequency
increased with increasing number of veins with
VI, and a statistically significant relationship was
found (p<0.001).

Discussion

PVs connect collecting and saphenous veins
with tibial, femoral, popliteal, and sinusoidal
deep veins by obliquely perforating the deep
muscular fascia [6, |1]. Large PVs contain
valves that direct flow from superficial ves-
sels to deep veins and generally run along the
perforated artery [| |]. Among many PVs, the
medial calf perforators are probably the most
important [5, 12]. PVs have varying appear-
ances in terms of size and distribution. The
prevalence of PVI increases linearly as the
severity of DVI and SVI increases [13]. PVl is
most frequently associated with reflux in SVS,
followed by reflux in both SVS and DVS. DVI
is rarely the primary cause. The correlation
between the occurrence of insufficiency of
GSV and PVs has been revealed [6, 14-17].
In many studies and our study, PVI was found
to be most frequently associated with insuf-
ficiency in deep veins, GSV, SSV, anterior/
posterior accessory GSV, and chronic DVT.
We found statistically significant relationship

between PVI and chronic DVT, DVI, GSV
insufficiency, SSV insufficiency, and accessory
GSV insufficiency (p<0.001). There was a
statistically significant correlation between
PVI and PV related with VVs (p<0.001).
These results have indicated that incompetent
PVs play a critical role in CVI. We detected
a meaningful relationship between PV asso-
ciated with VVs and PVI (p<0.001). PVs,
especially those associated with VV, should be
examined for reflux, regardless of whether
they are enlarged or not. We found a signifi-
cant relationship between the increase in PV
diameter and the presence of PVI (p<0.001).
However, PVs in which reflux was detected
had a very small diameter, whereas PVs in
which reflux was not detected in our study
had a diameter >4 mm. Because of this, the
size cannot be considered as the only crite-
rion for PVI diagnosis.

Mechanism of valve dysfunction of PVs lead-
ing to CVI and hemodynamic role of PV has
not yet been completely elucidated [13, 18,
19]. One of the asserted mechanisms of the
incompetency is enlargement of the diameter,
in which incompetent PVs may serve as the
re-entry point for superficial blood flow into
DVS of patients with VVs [20, 21]. The other
proposed mechanism of incompetency is
dysfunction due to irreversible valvular dam-
age [19, 21, 22]. Irreversible valvular damage
of incompetent PVs might be associated
with recurrence of VVs after operating SVI;
therefore, this type of incompetent PVs may
require simultaneous treatment with SVI [19,
21,22].

The presence of incompetent PVs after treat-
ment of SVI has been defined as a major risk
factor for non-healing and recurrent leg ulcers
and for recurrence of varicosities in patients
with  CVI. Residual incompetent PVs associ-
ated with failure of treatment and aggressive
procedures to manage incompetent PVs have
improved the surgical outcome. The experi-
ences gathered in clinical studies have also
demonstrated that incompetent PVs are likely
to be more important in the development
of Ws [2, 10, 23]; if incompetent PVs can be
selectively treated, more satisfactory results
could be achieved [19, 22]. Several authors
suggest treating incompetent PVs in cases of
focal swelling, pain, associated VVs, focal skin
irritation, discoloration, venous ulceration in the
area of the incompetent PVs, clinical severity,
etiology, anatomy, and pathophysiology score
more than four [24]. In particular; treatment
of incompetent PV is recommended in which
the VV is non-saphenous and starts from the
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periphery of incompetent PV. PVI is important
for the development and maintenance of these
peripherally located VV [19]. Some patients
have enlarged incompetent PVs and severe limb
symptoms, including ulceration. In the treatment
of venous ulcers that are located above the
ankle, it is recommended to include treatment
of incompetent PV in combination with SVI
therapy [19, 25]. In patients with a combina-
tion of SVI and PVI, routine PVI treatment is
recommended by some authors, along with SVI
treatment because of the risk of recurrence [6,
25-27]. Incompetent PVs can be treated with
surgical ligation, US-guided sclerotherapy, endo-
vascular thermal, laser therapy, or radiofrequen-
cy ablation [24]. It is still not known whether
preoperative identification of PVI could facilitate
more effective treatment. If the radiologists are
not aware of the importance of PVI and do
not mention it in their reports and only SVI is
treated, recurrences in this group of patients
will be inevitable. Because of these reasons,
evaluation of PVs should be a part of LE venous
system examination, and radiologists should
indicate the presence of any PVl in the reports.

Color Doppler US has become a major diag-
nostic tool in the evaluation of patients with VI
symptoms [28]. Gray-scale US examination with
color Doppler and spectral analysis have become
increasingly important and are now more fre-
quently used for the diagnosis and treatment
of VI [12]. Doppler US examination for reflux
begins with a standard US examination of DVS
performed with the patient in the supine position
for excluding DVT. Doppler US assessment of VI
should always be performed with the patient in
the standing position [28]. The examination of
deep, superficial, and PVs should be performed
at the same time because all of them will play
an important role in the patient’s diagnosis and
future treatment [2, 28, 29].

The limitation of the study is that interobserver
variation could not be evaluated because of the
length of the examination time and all patients
were observed by a single experienced radiolo-
gist. In conclusion, our study showed that PVl is
quite common in combined VI and that there
is a statistically significant relationship between
PVI and chronic DVT, DVI, GSV, SSV, and acces-
sory GSV insufficiency. PVI frequency increased
with increasing number of veins with VI, and
a statistically significant relationship was found.
Incompetent PVs play a significant role in CVI.
Doppler US is a safe and effective technique for
evaluating LE CVI before planning the treatment
course. PV evaluation should be a part of LE
venous system examination in VI, and size alone
cannot be the criterion for PVI diagnosis.
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