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ABSTRACT

Objectives: The aim of this study was to evaluate the effectiveness of internal compression therapy (ICT) in patients with primary deep
venous insufficiency (DVI).

Patients and methods: A total of 13 extremities of 11 patients (4 males, 7 females; mean age 54.3£13.7 years; range, 34 to 76 years)
who were diagnosed with primary lower extremity deep venous reflux and underwent ICT for symptomatic DVI between January 2018
and December 2018 were included in this retrospective study. The Venous Clinical Severity Score (VCSS) was performed in all patients
in the pre- and postoperative period to assess symptomatic improvements. Control examinations of the patients were performed on
post-procedural Day 3 and at 1, 6, and 12 months.

Results: The mean diameter of deep veins was 13.0£1.8 (range, 10.2 to 16.1) mm and the mean distance between the valves was 3.9+1.2
(range, 2.1 to 6.1) mm in the pre-procedural period. The mean reflux time was 3.3+0.5 (range, 2.5 to 4) min. The mean diameter of deep
veins was 8.91.2 (range, 7.5 to 11.0) mm at 12 months after the procedure. The success of the treatment was 100% after the treatment and
on the post-procedural Day 3. The mean VCSS of the patients was 8.1+3.1 (range, 6.0 to 16.0) in the pre-procedural period and 1.1+1.4
(range, 0.0 to 4.0) at 12 months during follow-up (p=0.001).

Conclusion: The ICT appears to be a promising procedure, as it is a minimally invasive, rapid, and effective method for the treatment of

patients with DVI.
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Deep venous insufficiency (DVI) is a major public such surgery procedures are not performed as routine
health problem and its incidence increases with aging, procedures in many centers.[+¢-)
female sex, previous deep venous thrombosis (DV'T)

Internal ion th ICT) with
history, pregnancy, obesity, and smoking.!! It can nternal compression therapy (ICT) with a

paravalvular leak device (Invamed, Ankara, Turkey) is
a new treatment method for primary DVI (Figure 1).
The paravalvular leak device is a device which provides
) to be delivered a mixture of hyaluronic acid and
loss of labor force and health costs by causing n-butyl-2-cyanoacrilate (NBCA) hard gel on the
infection, extreme swelling, soft tissue ulceration, outer surface of the vein in the insufficient valve level
and DVT.® The treatment of DVI is important between the deep vein and muscle fascia. The mixture

in decreasing complaints such as pain, swelling, of hyaluronic acid and NBCA adheres around the
skin pigmentation, and venous ulcer.*] Compression

occur due to primary valvular insufficiency, congenital
valve malformations, or valve malfunction secondary
to DVT.2I Deep venous insufficiency leads to the

valves and forms a granulomatous structure. Thus,

therapy, despite significant improvements of other this device helps to the valves approach each other and
methods, still remains the cornerstone of conservative

treatment.!!. Surgical treatments including venous

valvular repair, transposition of vein, neovalve Corresponding author: Kevser Tural, MD. Kafkas Universitesi Tip Fakilltesi
construction, and external valve banding require Kalp ve Damar Cerrahisi Anabilim Daly, 36100 Kars, Tirkiye.

local or general anesthesia. 5! The success of valve Tel: +90 505 - 768 30 30 e-mail: ktrl2011@hotmail.com

reconstruction surgery in the treatment of primary Citation:

DV1 is about 65 to 70% during five-year follow—up.[é’ﬂ Tural K, Giinerhan Y, Aydin S. The effectiveness of internal compression therapy in

Due to their less successful results and impracticality, deep venous insufficiency. Cardiovasc Surg Int 2020;7(3):136-142.
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boost their functioning."” In the current literature,
there exist very few studies about the results of this
treatment method, as it is a fairly new method. In
the present study, therefore, we aimed to evaluate the
effectiveness of ICT in patients with primary DVI
therapy and to present our one-year follow-up results.

PATIENTS AND METHODS

This retrospective study was conducted at
Cardiovascular Surgery Clinics of Kafkas University,
Faculty of Medicine Hospital between January 2018
and December 2018. A total of 13 extremities of
11 patients (4 males, 7 females; mean age 54.3+13.7
years; range, 34 to 76 years) who were diagnosed
with primary lower extremity deep venous reflux and
underwent ICT treatment for symptomatic DVI were
included. Inclusion criteria were as follows: 18 years of
age, primary DVT and having complete follow-up data
available at six months and one year postoperatively.
Exclusion criteria were as follows: severe ambulation
limitation, known thrombophilia syndrome, post-
thrombotic etiology, a body mass index of >35 kg/m?,
a deep venous reflux of <2 sec, and severe comorbidity.
A written informed consent was obtained from each

patient. The study protocol was approved by the Kafkas
University, Faculty of Medicine Ethics Committee
(Date: 13/05/2020/80576354-050-99/161). The study
was conducted in accordance with the principles of the
Declaration of Helsinki.

All physical examinations were performed by a
cardiovascular surgeon in an outpatient clinic and color
Doppler ultrasound (CDUS) scanning was performed
by two specialist radiologists. Control examinations
of the patients were performed on the post-procedural
Day 3 and at 1, 6, and 12 months. In the CDUS
examination, the patients were examined in terms of
reflux time, grade of deep, superficial, and perforating
venous insufficiency, and DVT. In addition, the
diameter of the common femoral vein where ICT
was applied and the distance between the valves were
measured and recorded for each patient during the
Valsalva maneuver, while the valves were fully open
in the expiratory phase. Pathological venous reflux
was defined as venous incompetence (reflux) during
CDUS examination set at retrograde flow longer than
0.5 sec in the superficial venous system, the deep
femoral vein, and the calf veins, longer than 1 sec
in the common femoral, femoral vein.! All patients
were evaluated according to the Comprehensive
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Classification System for Chronic Venous Disorders
(CEAP) classification and Venous Clinical Severity
Score (VCSS) classification. Treatment success was
defined as reflux-free deep vein valves. A reflux over
0.5 sec was considered as a failure.

Procedural technique

All ICT procedures were performed under local
anesthesia in sterile conditions. The purpose of this
procedure is to reduce the diameter of the vein, that
is insufficient, and so to reduce the distance between
the valves.'”? Therefore, the insufficient valves were
found using CDUS (Figure 2). Then, the distance
between the insufficient valves and the diameter of the
vein were measured at the beginning of the operation.
The ICT procedure was performed as previously
explained by Yavuz et al.l% (Figure 3). The first
control examination of the patients was performed
with CDUS on the post-procedural Day 3 (Figure 4).

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 22.0 software (IBM Corp., Armonk,
NY, USA). Continuous variables were expressed in
mean = standard deviation (SD) or median (min-max),
while categorical variables were expressed in number
and percentage. The Wilcoxon signed-rank test was
performed to analyze changes in the VCSS between
baseline and follow-up. A p value of <0.05 was
considered statistically significant.

RESULTS

Baseline demographic and clinical characteristics
of the patients are summarized in Table 1. None of

Figure 1. Internal compression therapy Paravalvular Leak
Closure Device and Delivery System.
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Figure 2. (a) A pre-procedural period image of spontaneous venous flow in right main femoral
vein during breathing. (b) A pre-procedural period image of retrograde reflux flow in right
common femoral vein with Valsalva maneuver due to deep venous insufficiency.

the patients had a chronic disease such as chronic
renal failure, chronic liver failure, heart failure,
chronic obstructive pulmonary disease, diabetes
mellitus, or DVT. The CEAP classification in the
pre-procedural period was C3 in six lower limbs
(46.2%), C4 in six lower limbs (46.2%), and C6 in
one (7.7%) lower limb. The mean distance between
the valves was 3.9+1.2 (range, 2.1 to 6.1) mm in the
pre-procedural period. The mean reflux time was
3.3+0.5 (range, 2.5 to 4) min. The mean procedural
time was 22.2+6.4 (range, 15 to 35) min. The mean
delivered amount of ICT hard gel was 3.2+0.7
(range, 1.9 to 4.0) mL.

The success of the treatment was 100%
immediately after the treatment and on the
post-procedural Day 3 with no reflux observed
by CDUS in the deep femoral veins. At the
six-month follow-up, the results were similar to
the post-procedural Day 3 with vein diameters and
reflux-free deep veins. At 12 months of follow-up,
no significant reflux was observed over 0.5 sec in
deep venous vessels on which ICT was applied.

In three of four patients (Patients 2, 3, and 5) who
had insufficiency in the proximal vena saphena magna
(VSM) in the pre-procedural period, the deficiency
in the proximal VSM completely improved in the
post-procedural period. Grade 4 insufficiency in the
proximal VSM in one patient (Patient 4) improved
to Grade 1-2 in the post-procedural period. Since
the proximal VSM diameter of the Patients 3 and 4
expanded to 6.0 and 6.9 mm, respectively, while the
ICT tight gel was delivered around the insufficient
valves in the common femoral vein simultaneously,
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it was delivered around the saphenofemoral junction
(SFJ). However, in two patients (Patients 6 and 9), there
was insufficiency in the VSM, not only proximally,
but also throughout the VSM. In Patient 6, the
diameter of the saphenous vein was 4 mm and, in
Patient 9, the diameter of the saphenous vein in the
left lower extremity was 8.6 mm at its widest point.
In Patient 6, DVI improved in the post-procedural

~

Figure 3. Delivery system cannula
placement over to two sides of vein
valve.
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period, although the insufficiency in the VSM did
not improve due to a long-segment sickness. The
use of compression stockings and medical treatment
continued regularly in the post-procedural period
in this patient whose edema partially improved

Figure 4. (a) A color Doppler ultrasound image of coaptation of early post-procedural period
right main femoral vein valve after internal compression therapy. (b) An image of minimal deep
venous insufficiency of right common femoral vein in early post-procedural period during Valsalva
maneuver.
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with the improvement in DVI. Thus, active ulcer
regressed at the post-procedural three months of
follow-up. In Patient 9, intravenous cyanoacrylate
was performed for saphenous vein failure one month
before ICT was performed in the left lower extremity.

Table 1
Baseline demographic and clinical characteristics of patients

Patient/side ~ Age/Sex Deep vein Distance Proximal saphenous ~ Deep venous CEAP Pre-procedural

diameter (mm) between valves vein insufficient reflux (sec) classification VCSS
(mm) reflux (sec)

1 right 76/M 12.4 2.1 - 2-3 4 7

1 left 11.9 2.3 - 2-3 4 7

2 34/F 15.2 5.7 =3 4 3 6

3 59/F 13.9 4.5 2-3 3-4 3 6

4 63/M 12.2 3.9 4 3 4 7

5 34/F 11.5 3.5 2 3 6

6 64/M 16.1 6.1 4 6 16

7 60/M 13.2 4.1 = 3-4 4 13

8 43/F 13.9 4.3 - 4 4 10

9 right 56/F 12.8 3.7 - 3-4 3 6

9 left 10.2 2.8 4 3-4 3 6

10 43/F 10.5 2.9 - 3 4 7

11 65/F 15.2 5.2 = 4 3 8

CEAP: Comprehensive Classification System for Chronic Venous Disorders; VCSS: Venous Clinical Severity Score.

Cardiovascular Surgery and Interventions, an open access journal
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Table 2
The VCSS scores of patients

VCSS scores

Patient/side Pre-procedural  First month Sixth month ~ Twelve month
1 right 7 2 2 1
1 left 7 2 2 1
2 6 0 0 0
3 6 1 1 1
4 7 1 1 1
5 6 0 0 0
6 16 9 4 4
7 13 8 4 4
8 10 2 2 1
9 right 6 0 0 0
9 left 6 0 0 0
10 7 1 1 0
11 8 0 0 0
VCSS: Venous Clinical Severity Score.

Patient 7 had Cockett insufficiency in both pre- and
post-procedural period.

There were no mortality and morbidity
related to the procedure. No ecchymosis, skin
pigmentation, hematoma, paresthesia, deep venous
thromboembolism, or pulmonary embolism were
observed. The mean VCSS of the patients was
8.1+3.1 (range, 6.0 to 16.0) in the pre-procedural
period and 1.1+1.4 (range, 0.0 to 4.0) at 12 months
of follow-up (p=0.001). The pre- and post-procedural
VCSS are given in Table 2. The mean diameter of
deep veins was 13.0+1.8 (range, 10.2 to 16.1) mm in
the pre-procedural period and 8.9+1.2 (range, 7.5 to
11.0) mm at the post-procedural 12 months.

DISCUSSION

In this study, we examined the efficacy of ICT in
the treatment of lower limbs for primary DVI. Our
results showed that the DVI and VCSS of the patients
significantly improved at 12 months of follow-up. No
morbidity and mortality were observed in any patients.

Although the application of this procedure has been
increasing recently, the number of studies reported in
the literature is still very small. In a study performed
by Yavuz et al.,l'”! 43 patients were treated and the
mean VCSS score improved from 20.7+5.9 to 3.9+0.9

Cardiovascular Surgery and Interventions, an open access journal

at 12 months of follow-up. The mean deep vein vessel
diameter at the level of the valve was 12.4+2.6 mm in
the pre-procedural period, it improved to 9.0+1.7 mm
after the procedure. Consistent with this study, the
patients included in our study were successfully treated

for DVI.

The ICT has certain advantages relative
to treatment of DVI with conventional surgical
approaches, such as valve reconstruction. After
the conventional surgical methods, there is a
risk of DVT due to venotomy and the need for
anticoagulant treatment to avoid this and, also, the
risk of surgical infection and the need for antibiotic
prophylaxis to avoid this, in addition to cosmetic
concerns.®” Postoperative bleeding, hematoma, and
longer hospital stay are the other disadvantages of
valve reconstructions. In one study, the mean duration
of hospitalization in the postoperative period was
five days in conventional reconstructive surgery."!
However, patients in whom ICT is performed can be
often discharged on the same day. In our study, no
postoperative adverse conditions were observed, and
all patients were discharged on the same day after
the procedure. No antibiotherapy or anticoagulant
therapy was recommended to the patients.

Currently, valve reconstruction surgery for DVI
is mainly performed to provide regression of ulcers

WWW.e-Cvsi .org
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in CEAP Class 5-6 patients.”) Considering the
success and complications of conventional surgery, it
is understandable why it is not routinely performed in
every center. Also, ICT can be applied to patients with
CEAP Class 3-4.1% Before complications occur, such
as perimalleolar ulcer, it can be performed to ensure
symptomatic clinical improvement. In our study,
the CEAP classification of our patient population
was mostly Class 3 and 4, only one patient had
perimalleolar ulcer secondary to venous insufficiency.
At three months of follow-up, the ulcer healed. In
addition, a considerable improvement was observed in
the VCSS at 12 months compared to the pre-procedural
period. At 12 months of follow-up, as the insufficiency
continued along the VSM in Patient 6 and Cockett
vein insufficiency persisted in Patient 7, VCSS of these
patients improved up to 4.

In the guidelines, symptomatic
venous insufficiency is primarily recommended
to be treated for superficial and perforating vein
insufficiency. If advanced venous insufficiency
(CEAP Class 24b) continues despite interventional
therapies and compression treatments for
superficial venous insufficiency, valve incompetency
reconstruction surgery is planned for DVIL.#11.12]
However, in the prospective, randomized study of
Wang et al.,® valvuloplasty for DVI and superficial
venous insufficiency treatment were more beneficial
than only superficial venous insufficiency treatment
in terms of the healing of venous insufficiency and
related ulcers. Hardy et al.'¥ and Tripathi et al.l'¥
also suggested that valve reconstructions should be
performed for DVI together with superficial vein
surgery. In our study, although the symptoms regressed
with ICT alone in Patient 6, complete treatment was
not provided. In Patient 9, intravenous cyanoacrylate
was first applied to the saphenous vein for venous
insufficiency in the second leg. However, since DVI
did not improve after the procedure, ICT was applied
to this leg as well, and the symptoms then improved.
Similarly, in the study of Makarova et al.,'*) reflux
in the femoral vein did not improve with superficial
vein surgery. Considering all these findings, our
study results indicate that ICT can be performed as a
priority, as the procedure is minimally invasive under
local anesthesia and independent from superficial and
perforating venous insufficiency surgery. As a matter of
fact, in our study, Patients 2 and 5 had proximal VSM
insufficiency and we treated them with only ICT.
Their complaints improved in the post-procedureal

current
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period, although proximal VSM insufficiency was not
interfered. As in the work of Eberhardt and Raffetto,”
we suggest that ICT can be considered primarily in
patients with proximal superficial venous insufficiency
and DVI, considering that some of the superficial
insufficiency may result from DVI. In addition, since
the proximal VSM diameter enlarged to 6.0 and
6.9 mm, respectively in Patients 3 and 4 with proximal
VSM insufficiency in the pre-procedural period, the
leakage was reduced by decreasing the diameter of the
VSM in this area by simultaneously delivering the ICT
hard gel around the SFJ. Although ICT was performed
around the common femoral vein in all patients
included in our study, the ICT technique was observed
to be a new and improved technique according to
the results of these last two patients. We consider
that CDUS-guided intervention in the treatment of
primary DVT can be performed not only in the region
where the common femoral vein-SF] joins, but also in
different segments where the structure and function of
the venous valves of the lower extremity are normal. It
can be considered that superficial venous insufficiency
as well as DVTI can be treated with ICT application
from multiple levels of subcutaneous tissue into the
CDUS-guided paravalvular area. Undoubtedly, we
believe that it would contribute to the extension of
ICT application indication in selected cases without
advanced tortuosity, thrombophlebitis history, post-
phlebitic syndrome, or venous packaging.

Nonetheless, there may be certain difficulties in
implementing ICT. This therapy can be performed by
vascular surgeons with a very good CDUS dominance.
The common femoral artery, vein, and nerves are
very close to each other anatomically in this region,
as well as bifurcation of the deep femoral artery and
vein bifurcation in this area are anatomical conditions
which increase the difficulty of the procedure. Both
axial section and long axis images of deep venous
structures and paravalvular area should be well
evaluated with CDUS before and during the procedure
to avoid complications and to achieve successful
results. Otherwise, complications such as potential
hematoma, vascular injury, venous valve injury,
arterial pseudoaneurysm development, iatrogenic
arteriovenous fistula formation, and femoral nerve
injury may be inevitable. In addition, if the ICT hard
gel is delivered intravenously by mistake, deep venous
adhesion and obstruction, and pulmonary embolism
can occur. On the other hand, allergic reactions may
rarely occur in patients against cyanoacrylate.l!®!]
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No evidence of these complications was observed in
our patient population. Toxicological, carcinogenic,
and mutagenic effects against hyaluronic acid and

NBCA have not been observed in vascular use until
today.13:15.1%

The present study has some limitations. The major
limitation is its retrospective design with a limited
sample size. The retrospective nature of the study
precludes the elimination of all potential confounders
and biases. Its single-center design conducted by
a single specialist for selected patients is another
limitation. Nevertheless, in the current literature, there
is only one study about the results of this treatment
method, as it is a fairly new method. Therefore, we
believe that the results of our study would contribute
additional information to body of knowledge in the
current literature.

In conclusion, internal compression therapy
procedure appears to be promising, since it is minimally
invasive, rapid, and effective method for the treatment
of patients with deep venous insufficiency as an
alternative treatment modality of conventional valve
reconstruction surgery. In addition, this procedure
can be applied under outpatient conditions due to the
ease of application, postoperative early recovery, and
satisfactory cosmetic results. For internal compression
therapy applications in deep and superficial venous
insufficiency, further large-scale, prospective,
randomized studies are needed.
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