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Pedepar
IDesxb. M3yunTh U3BMEHEHUE YPOBHA COCYAUCTOIO SHAOTENNAIBHOIO (pakropa pocra (VEGE) 1 yacToTy peyujuBa BAPUKO3HO-
I'O PACHIMPEHUS BEH IIOCJIE CTAHAAPTHON (PIIE6IKTOMUN U TUOPUHOIO JICUCHUSL.
MaTepHasabl H METOABL B rcciiejoBaHNe BRIIOYNUIN 134 manueHTa, KOTOPBIX PA3/E/IMIN HA ABE IPYIIILI B 3aBUCHMOCTH OT
MeTo/1a iedeHUs. P1e6KTOMUIO BBIIOIHSIN IO CTAH/JAPTHOM METOIUKE. THOPHIHOE JIEUEHHUE BKIIOYAIO JIA3EPHYIO A0JIAIIHIO,
YJBIPA3BYKOBYIO IIEHOOOPA3YIOIIYIO CKIEPOTEPAINIO (STOKCUCKIEPON 1—3%), BBICOKYIO CTEIIEHD JTUI'MPOBAHUS, IIOJIHOE WA
YACTUYHOE YIAJIEHUE [TOJKOKHON BEHBL JIeueHHE ObIIO MHANBUYAIBHBIM /IS KAKJOI0 auueHTd. O6pasibl CBIBOPOTKH OT-
OUpann y IalyueHTOB /10 U yepes 3—12 mec nocie onepanyuu. KOHTPOIbHYIO IPyIily cocTaBuwin 20 340poBbIX Jinll. [Ipoananm-
3UPOBaHbI U3MeHEHUs! YPOBHSI VEGF B CBIBOPOTKE KPOBHU HAILIUEHTOB JJO U IIOCJIC JICUCHUSL.
Pesyasbrarel. CpeHuil yposeHb VEGE cHusmics B 3,95 — 5,38 pasa 1ocjie JieueHus. Y MalMEHTOB, y KOTOPbIX BO3HUK PELIU/NB
BAPHKO3HOI'O pacIIUpeHUs BeH, YypoBHU VEGF ObUIN BBIIIE, UYEM Y OCTA/IBHBIX TAIIUEHTOB.
BeIBOABI. PE3y/IbraThl UCC/ICJOBAHU TO3BOJIIOT IPEAIOIOKUTD HAIMYUE CBA3U MEXY PELIUAUBOM BAPUKO3HOI'O PACLINPE-
HUs BEH U U3BMeHeHHEM YPoBHs VEGE.

KiaroueBsnI€ CJI0BA: BAPUKO3ZHOE PACHIMPEHNE BEH; HEOBACKYIAPHU3AITHS; (DIEOIKTOMUST; THOPUTHOE JIEYEHNE; COCYUCThIN SH-
JIOTEJIMATIBHBIA (PAKTOP POCTA.

Abstract
Objective. To study the change of the vascular endothelial growth factor (VEGF) level and the incidence of recurrence of var-
icose veins after conventional phlebectomy and hybrid treatment.
Materials and methods. Conventional phlebectomy was performed according to standard technique. Hybrid treatment con-
sisted of combination of methods, including laser ablation, ultrasound guided foam form sclerotherapy (aethoxysklerol 1-3%),
high degree of ligation (HL), total or partial stripping of saphenous vein. The treatment was personalized to every patient. This
study included 134 patients, that were divided into two groups, depending on the method of treatment. Serum samples were
collected from patients before operation and in 3—12 months after operation. Control group included 20 healthy persons. We
analyzed mean concentration and change of the VEGF levels in patients’ serum before and after treatment.
Results. Mean levels of VEGF decreased in 3.95 — 5.38 times after the treatment. Also, recurrent cases were estimated. In the case
of the recurrence, VEGF levels were higher than in non—recurrent cases.
Conclusions. Therefore, results of the study suggest an association between the recurrence of varicose veins and the change
of VEGF level.

Keywords: varicose veins; neovascularization; phlebectomy; hybrid; vascular endothelial growth factor.

Introduction

Chronic venous insufficiency (CVI) is widely spread pa-
thology. Symptoms of CVI can be found in 25-27% of wom-
en and 15% of men in adult population [1-2]. It affects 33
million patients over 40 years old (11 million men and 22
million women) in the USA [3]. Despite the great progress in
treatment, signs of the recurrence and progression of vari-
cose veins (VV) can be diagnosed at 21-23% of patients [4].

There are 3 general types of recurrence of VVs [5]:

1) Residual VV, (that can be found in operation area during
one month or later in post operative period).

2) True recurrent VV: that appears after one month in post
operative period due to neovascularization or wrong man-
agement strategy.

3) New VYV, that were absent before surgery and appeared
because of the disease progression [5].
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Many researches mark a neovascularization or neoangio-
genesis as a major reason of VV recurrence [5]. Traditionally,
many surgeons believe, that the recurrence can be prevent-
ed by an adequately performed operation. Several works have
questioned the traditional view. Researchers found newly
formed vessels in the inguinal area of patients after ligation
and stripping of great saphenous vein (GSV). This was docu-
mented by ultra sound doplerography and phlebography [6].
But results of other studies show that neovascularization ap-
peared in a relatively small group of patients with recurrent
VV. The recurrence was mostly related to an inadequate sur-
gery and progression of the disease [7]. In fact, these state-
ments do not always contradict to each other. Neovascular-
ization can appear after a properly performed operation. On
the other hand, the incompetence of sapheno—femoral junc-
tion (SFJ) or untreated GSV forms favorable conditions for the
formation of the recurrent reflux [8].

Neovascularization can cause a reappearance of VV in 2
different ways:

1) Due to the enlarging of small venous branches between
deep and superficial veins.

2) Due to the creation of new vessels that reconnects ba-
sin of deep and superficial veins [7, 9].

An important protagonist of neovascularization and angio-
genesis, so called “vascular endothelial growth factor” (VEGF)
was determined in 1989 by N. Ferrara, W. I. Herzel [10]. In fur-
ther studies, elevated level of VEGF has been found in serum,
plasma and epidermis of patients with VV [11-14].

VEGF has dual roles in organism. On the one hand, it is nec-
essary for the stability of the endothelium and for the phys-
iological neoangiogenesis. On the other hand, VEGF plays a
leading role in the pathogenesis of oncologic diseases. VEGF
is a pro—inflammatory cytokine that induces the activity of
macrophages and endothelium [15]. Therefore, VEGF is nec-
essary for the maintenance of vascular integrity and reactivi-
ty [16]. The presence of VEGF is established in the epidermis
of patients with chronic venous insufficiency (CVI). Also the
high level of VEGF is found in blood plasma which increas-
es during the progression of the disease [17]. Similarly, an in-
crease in the expression of the VEGF gene in VV is clearly as-
sociated with an incompetence of SFJ. It is considered that
VEGF is induced in patients with VV to repair tissue damage
caused by venous hypertension [18].

Despite the large number of patients with varicose veins,
there is no general consensus on treatment strategy [19]. This is
why to achieve better clinical results treatment strategy should
be personalized.

Methods
Selection criteria

Patients with primary varicose veins of C2, C3and C4 class
according to CEAP classification were included into the study.
All patients were over 18 years of age.

Exclusion criteria was following: any operations, injuries or
infection 30 days before the study, blood disorders, diabetes
mellitus, arterial disease (ankle—brachial index, 0.9), impaired
renal or hepatic function, deep venous thrombosis (less than
1 year), pregnant or lactating women, skin ulcers, benign or
malignant tumors of any localization.

Before the operation, the following studies were performed:
ECG, Chest x—ray, ultrasound doplerography of veins, common
blood count, urine test, biochemical blood test, coagullogram.

The diagnosis of primary or recurrent varicose vein was
performed by the clinical examination and ultra sound in-
vestigation (USI) of veins.

The presence of dilated veins, varices, pathological reflux
or telangiectasias was counted as signs of primary or recur-
rent VV. During the USI we paid attention to the consistency
and the structure of walls, compressibility of veins, function
of venous valves, phases of venous flow, and presence of col-
or filling defect, reflux or any flow disturbances. We also per-
formed a Valsalva manoeuvre, manual distal augmentation,
and plantar—flexion to check calf muscle pump.

Ethical approval for this study was given by ethical com-
mittee of the Astana Medical University. Therefore study has
been performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later amend-
ments. All patients have signed an informed consent form.

Methods of operation

In this work we used following methods of treatment:

1. Conventional phlebectomy (CP) included high ligation,
saphenous trunk stripping, ligation of perforator veins, remov-
ing of dilated tributary veins.

2. Hybrid treatment (H) consisted of combination of meth-
ods, including laser ablation, ultrasound guided foam form
sclerotherapy (acthoxysklerol 1-3%), high ligation (HL), to-
tal or partial stripping of saphenous vein. The treatment was
personalized to every patient. Different combinations of listed
methods were applied depending on clinical stage, diameter
of veins, severity of reflux, and localization of VV’s.

Conventional phlebectomy is a combination of several op-
erations, such as high ligation, GSV stripping, also known as
a Babcock’s operation, supra— or subfascial ligation of perfo-
rator veins, and removing of dilated tributary veins [20, 21]

Table 1. Patient baseline characteristics and study groups
. o Vel e 1l el 0 Conventional phlebectomy Hybrid Control group
Patient characteristics the study (n=66) (n=58) (n=20)
at baseline (n=124)
n % n % n % n %

Gender

Male 67 46.00 31 46.97 36 47.05 <) 45.00

Female 57 54.00 35 53.03 22 52.95 11 55.00
Age (years, age range) 40.3 40.47 39.2 38.11

(21-62) (21-62) (21-62) (23-48)
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Therefore, to designate a combination of endovenous and
open methods of surgery, we used the term hybrid treatment.
Conventional phlebectomy was known as the gold standard
of treatment for varicose veins [20] This is why results of hybrid
group were compared to results of CP. After initial assessment
124 patients were included in the study, a total 248 samples
were studied. All patients were divided into two groups de-
pending on the method of operation (7able 1). There was no
difference in the mean age and gender distribution between
study groups. The first group included 66 patients, treated
with the conventional phlebectomy. This group is marked
as CP. The second group consists of 58 patients, treated with
hybrid method. This group is marked as H. Serum samples of
twenty healthy volunteers were studied in a control group.

Serum sampling

Serum samples were collected from patients before op-
eration and 3—12 month after operation. In this period first
symptoms of recurrence or progression of the disease can be
found. Blood samples were taken into vacuum test—tubes and
then centrifuged at 3500 rpm for 10 minutes. Samples were
stored at —20°C until the test. In our experiment ELISA test
was conducted using a commercially available kit (Thermo
Scientific 7335 Executive Way Frederick, MD 21704), accord-
ing to manufacturer’s specification. Samples were defrosted
at +20—+25°C prior to the experiment.

Statistical analysis

Data are expressed as mean, Stata software was used for
statistical analyses. Student’s t—test was used to compare be-
tween the means. Differences were considered statistically
significant at p < 0.05. To find the connection between the
treatment method and VEGF level Pearson’s correlation co-
efficient (r) was calculated.

Results

After conducting the experiment on the determination
of VEGF level in serum of patients with varicose veins, we
reached the following results.

Serum VEGEF levels have a significant difference before
and after treatment (Fig. 1). As we can see in CP group the
mean level of serum VEGF before operation was 104.16 pg/
ml, whereas after operation it decreased 3.95 times and equals
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Fig 1.
Level of the VEGF before and after treatment.
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to 26.39 pg/ml (p < 0.05, 1=0.782). Mean concentration of
VEGEF in hybrid group decreased 3.95 times, from 72.74 pg/ml
before operation to 13.5 pg/ml after the treatment (p < 0.05,
r=0.252) There is a direct correlation between the treatment
and level of VEGF change study groups.

In case of the recurrence VEGF level was higher compared
to non—recurrent cases. Also in recurrent cases VEGF level did
not fell lower than 62.5 pg/ml (p < 0.05). In control group
mean level of VEGF was 24.21 pg/ml.

There was no recurrence after operation if patient’s level of
VEGF was lower than 62.5pg/ml. Taking into account that in
control group maximal level of VEGF was < 31.25 pg/ml, we
considered the range from 7.8 to 31.25 as a normal level of
VEGF and if the range of VEGF level was higher than 62.5 pg/
ml we considered it as a high level. Thus, we calculated numbers
of patient with normal and high level of VEGF and analyzed
the change of VEGF level before and after treatment (7ig. 2, 3).

The number of samples with high level of VEGF has de-
creased after the treatment. According to the results before
conventional phlebectomy 39 patients showed high level of
VEGF and 27 showed normal level, whereas after operation
number of patient with elevated level of VEGF were equal to
5.1In hybrid group the high VEGF level were found in 37 pa-
tients before operation and only in 3 patients after operation.
Thus, the number of samples with normal VEGF level has in-
creased after the treatment.
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Number of patients with bigh and normal level before and after CP.
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Fig. 3.
Number of patients with bigh and normal level before and after EVLA.
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Table 2. Calculation of the number of recurrent varicose
veins
Number of patients with recurrent VV
Group
n %
Conventional phlebectomy 5 7.57
Hybrid 3 5.17
Table 3. Analysis of reasons of recurrence of varicose veins
Techni.cal or True recurrent  Newly formed
tactical
Group . v, W,
mistakes, % %
% 0 0
Conventional
phlebectomy 3.03 3.03 1,51
Hybrid 1.72 1.72 1.72

We analyzed number of recurrence of varicose veins (Zable
2). After the conventional phlebectomy we found 7.57% cas-
es of recurrences. In hybrid group 5.17% of patients showed
signs of recurrence.

Speaking about the types of recurrence: of VV for CP group
3.03% of cases were connected to technical or tactical mis-
takes. In these cases the recurrence occurred due to unligat-
ed GSV tributaries, especially in SFJ area as well as incomplete
removing of GSV trunk or/and its branches. The true recur-
rent VV appeared in 3.03% of cases. New VV were observed
in 1.51% of cases. These cases were presented by appearance
of small tortuous venous branches or/and telangiectasias.

For hybrid group technical or tactical mistakes were found
in 1.72 % of cases. In this case the recurrence happened due
to recanalisation of GSV branches treated with foam form
sclerotherapy. The number of recurrence related to the true
recurrent VV and newly formed VV was found in 1.72% of
cases. These cases were presented by appearance of telangi-
ectasias (Table 3)

Conclusions

After conducting the experiment on determination of VEGF
level in serum of patients with varicose veins, we made the
following conclusions:

— The mean level of serum VEGF in the study groups has
a wide variation range. In CP groups the mean level of serum
VEGF decreased 3.95 times after the treatment. The mean
concentration of VEGF in hybrid group decreased 5.38 times.
The observed differences are statistically significant (signifi-
cance level p <0.05).

— The level of serum VEGEF in study groups before and af-
ter operation has a direct correlation.

— In case of the recurrence, VEGF level were higher than in
non-recurrent cases. Also in recurrent cases VEGF level did
not fell lower than 62.5 pg/ml.

— Results of the study suggest an association between re-
currence of varicose veins and change of VEGF level.

— Not only the technical and tactical mistakes can lead to
the recurrence of VV, but also the process of neovasculariza-
tion plays important role.

Discussion

The formation of new vessels after operation as a result of
neovascularization has been described in previous works [22].
On the base of our results we can say that recurrence can ap-
pear even after properly performed surgery. Support to this
statement can be found in the work of A. M. van Rij et al [23].
According to literature, the recurrence related to neovascu-
larization happens in 8—60% of cases [22, 24]. Some studies
revealed that there is a connection between VV and chang-
es in VEGF level [14]. This is why we were interested to study
how VEGEF levels change after conventional phlebectomy and
hybrid method of treatment.

After the conventional phlebectomy, new vessels are formed
due to the ligation of vessels and tissue damage resulting in hy-
poxia [25]. This leads to the release of VEGF [20]. After the endo-
venous interventions damage of the endothelium may trigger
the release of the VEGE Benefits of the hybrid treatment are that
it may help to avoid disadvantages of different methods of inter-
vention. In hybrid group we had a lower recurrence rate com-
paring to CP group, but this didn’t reach statistical significance.

We compared results of our study to the results of similar
researches. In study of Florez et al. authors included 84 sub-
jects, 44 with CVI and 40 controls. They found a prominent
expression of VEGF in the VV of the CVI group than in the
control group with healthy subjects [14].

In study researchers analyzed blood samples of 30 patients
with primary VVs undergoing treatment with EVLA before and
1 week after operation [27]. Control group included 20 healthy
persons. They found statistically significant reduction in me-
dian plasma VEGF levels before operation and rise of its lev-
elin 1 week after surgery. In our study we also found cases of
normal or comparably low VEGF level in preoperative peri-
od, but after operation it decreased multiple times. We didn’t
find any elevation of VEGF after operation comparing to the
pre—operative period. In our opinion this is connected to the
period of taking of control samples. We believe rise of VEGF
levels 1 week after operation in study can be connected to
healing processes, as neovascularization of damaged tissue is
anecessary part of healing [27, 28]. This is why we excluded
any operations, injuries or infection 30 days before the study.

Yasin et al studied VEGF level of 25 patients with primary var-
icose veins and compared the results with 25 healthy persons.
Plasma VEGF level was significantly higher in patients with var-
icose veins than in healthy persons [13]. This results correlate
with our study, as we also found high levels of serum VEGF be-
fore treatment and decreasing of VEGF level after the treatment.

As we can see, there are studies that analyzed the relation-
ship between VVs and VEGE But we didn’t find any studies
that compared results of conventional phlebectomy with the
results of hybrid treatment. According to the results of our
study not only surgeon’s mistakes leads to the recurrence, but
also the process of neovascularization itself plays an import-
ant role in reccurence and progression of the disease. This
kind of the information may help to protect surgeons in con-
troversial cases. Further studies of this field in a larger group
may lead to better understanding of the pathogenesis of the
recurrence and discovering of new antiangiogenic therapy
strategies in future.
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