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Comparative characteristics of endothelial
dysfunction after endovascular laser vein ablation
and classical saphenectomy for varicose veins

of the lower extremities

V. B. Goshschynsky, B. O. Migenko, O. B. Migenko
I. Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine

The objective: to assess the endothelial dysfunction after classical saphenectomy and endovenous laser ablation.
Materials and methods. 100 patients (68 women and 32 men) who were operated on for varicose veins of the lower
extremities C2-C4 according to the CEAP classification were under observation. According to the age classification
of the World Health Organization, the age of the patients was from 25 to 44 years (young age).

Patients with diseases that could affect the level of endothelial dysfunction were excluded from the study, in par-
ticular: coronary heart disease, metabolic cardiomyopathy, cerebrovascular diseases, diffuse connective tissue dis-
eases, diabetes, rheumatoid arthritis. Depending on the type of operation, all patients were divided into two groups:
1st group — 60 patients who underwent endovenous laser ablation (EVLA), 2nd group — 40 patients who underwent
classic saphenectomy. 30 healthy persons are included in the control group. By age and clinical classification the
patients in the groups were comparable.

Dysfunction was evaluated by determining the level of markers of endothelial dysfunction: P-selectin, E-selectin,
tissue plasminogen activator, endothelin-1, vascular endothelium type 1 adhesion molecule, circulating endothelial
cells. These indicators were studied in 100 patients (1 day before surgery, 10 and 60 days after surgery).

Results. According to the results of the study, in the early postoperative period (the 10th day) the levels of markers
of endothelial dysfunction, namely P-selectin, E-selectin, tissue plasminogen activator, endothelin-1, sVCAM, cir-
culating endothelial cells were higher than before surgery. In the late postoperative period (the 60th day) the levels
of the above-mentioned markers decrease, but remain somewhat higher than before the operation. The fact of an
increased markers of endothelial dysfunction in different periods of the postoperative period after classic saphenec-
tomy compared to EVLA was established.

Conclusions. 1. The level of endothelial dysfunction is higher after classic saphenectomy, and the inflammatory re-
sponse after EVLA was less compared to classic saphenectomy, which is also evidenced by statistically significant
lower values of sVCAM-1.

2. Existing endothelial dysfunction in the postoperative period requires correction with the help of multicomponent
drug therapy.

Keywords: endothelial dys[unction, classic saphenectomy, endovenous laser ablation.

MopiBHANbHA XapakTepuUcTUKa eHaoTenianbHOT ANCHYHKLUIT Nicna onepauii eHJ0BaCKYNSAPHOI
nasepHOoT abnauii BeH Ta Knacu4Hoi cadpeHeKTOMIT Npyu BapuKO3HOMY PO3LUUPEHHI BEH HUXKHIX
KiHLIBOK

B. b. lNnwuHcbknii, 6. O. MireHbko, O. b. MireHbko

Mema docaidxcenns: OliHIOBaHHS €HAOTEaNbHOT AUChYHKIIIT Mic/Ist IPOBeAeHHS KJIacCu4HOi cadeHeKTOMIi Ta eH10Be-
HO3HOI J1a3epHoi abIAILii.

Mamepiaau ma memoou. 1lia ciocrepexentsam nepedysaau 100 mamientis (68 xkiHok Ta 32 yomoBiku), ki 6yau mpo-
OIlePOBaHIi 3 IPUBOLY BapUKO3HOT XBOpoOU HIKHIX KiHl[iBok C2—C4 3a knacudikaiiero CEAP. 3rigHo 3 BikoBo KJIacu-
(dikarieo BeecBiTHBOT Opranisailii 0OXOpoHU 3/[0pOB’sl, Bik XBOPUX CTaHOBUB Bifl 25 110 44 pokiB (MOJIOAMIT BiK).

I3 mocmimkentst 6yaM BUKIIOUEH] TTAli€HTH 3 XBOPOOAMM, 110 MOTJIM BILUTMHYTH Ha PiBEHDb €HAOTEMIadbHOI ANCHYHKIILIT,
30KpeMa: imeMiuHa XBopoOa cepiist, MetaboJriuHa KapaioMionatis, nepeGpoBacKyJIsipHi 3aXBOpIOBaHHs, 1] y3HI 3aXBOPIO-
BaHHs CHOJYYHOI TKAHWHM, IIYKPOBUIl HiabeT, peBMaTOiAHNI apTpUT. 3aJeKHO Bij BUILY onepailii Bci XBopi 6yJm posmo-
misneni Ha aBi rpynu: 1-a rpyna — 60 manieHTis, siki mepeHecan eHaoBeHO3Hy JgasepHy abasauio (EBJIA), 2-a rpyna — 40
naiieHTis, skuM OyJia BUKOHaHA KiaacuuyHa cadeHekTomis. J[o Tpymu KOHTposito BitoueHo 30 310poBux ocib. 3a BikoM Ta
KJiHIYHOIO KIacudikaiieo XBopi y rpynax OyJiu criBcTaBHi.

Jucdynxiio oninoBaan MISXoM BU3HAYeHHS PiBHA MapKepiB enjoTemianbuoi qucdynkuii: P-cesexktuny, E-cenexrumny,
TKAaHMHHOTO aKTUBATOPA IJIA3MiHOTE€HY, eH/I0TesiHY- 1, Mosiekyn ajaresii 1-ro TUILY eHI0TeIi10 CYAMH, IIUPKYJII0I0YNX eH-
noremianbHux Kaitud. [Li mokasuukn gocuimxkero y 100 xsopux (3a 1 106y mo omnepariii, uepes 10 i 60 xi6 micas omepartii).
Pesynvmamu. 3rijno 3 pesyabTaTaMu JOCHIUKEHHSI, y paHHiil micasonepaiiitauii nepiox (10-ta g06a) piBeHb MapKepiB
eHporenianbHoi aucdynKiii, a came P-cenextuny, E-ceslekTUHY, TKAHUHHOTO aKTUBATOPA MJIa3MiHOTEHY, eHI0TeiHY-1,
sVCAM, 1upKyI0I0YNX eHA0TeialbHIX KIITIHH OYB BUIINN, HixkK Mepe omepariieio. Y misHiil micasonepariitauii mepion
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(60-Ta 106a) piBeHDb 3a3HAYEHMX BUIIE MapKePiB 3HUKYETHCS, ajle 3aJUINAETHCS Jel0 BULIMM, HiXK 0 omepaiii. Bera-
HOBJIEHO (haKT MiBUINEHHST MapKepiB eHpoTexianbHol AucdyHKINi B pisHi TepMminu micasonepariiinoro mepiomy mics

kyacuyHoi cadeHekToMii mopiBHsHO 3 EBJIA.

Bucnoexu. 1. PiBenb engoresnianbiuoi aucyHkIii Buiuil micas kiaacuunoi cadenekTomii, a 3anajsbHa BiAnoBiab micss
EBJIA GyJjia MEHIOIO MOPIBHSHO 3 KJAACHYHOI ca(eHEeKTOMIE0, PO 110 TAKOK CBigYaTh CTATUCTUYHO 3HAYYIL HUMKUI

snavenns SVCAM-1.

2. HagBna enzoteniaabHa AucHyHKINA y micasgonepamiitnumii nepion morpebye Kopekilii 3a 10moMorot 6araToKOMIOHEHT-

HOI MEIMKaMEeHTO3HOI Tepartii.

Knouo6i crosa: endomenianivia Oucynryis, Kiacuuna cagpenexmomis, endoseno3na iasepna abisuis.

t is generally accepted that varicose disease is a multifac-

torial disease whose pathophysiology is characterized by
inflammation caused by persistent venous hypertension and
valvular insufficiency [1—4]. Changes in shear stress are di-
rectly perceived by endothelial cells, which leads to their
activation and subsequent recruitment of leukocytes and the
release of pro-inflammatory agents [4—6]. Dysfunctional en-
dothelium plays a key role in maintaining the inflammatory
cascade with subsequent pathological venous changes and
worsening of chronic venous disease [3, 7-10].

Damage to the endothelium caused by mechanical,
metabolic, or chemical factors contributes to the develop-
ment of a disease characterized by inflammation, vasocon-
striction, excessive thrombus formation, and adhesion of
leukocytes to the vessel wall [8, 11—14].

Matrix metalloproteinase (MMP) activators also play an
important role in the emergence of endothelial dysfunction
[10, 15—17]. The activity of matrix metalloproteinases causes
inflammation and damage to the endothelial cells covering
the lumen of the vessel, and the appearance of structural and
functional changes in the vein wall [17, 18]. MMP have also
been shown to affect the degradation of the extracellular ma-
trix, which in turn causes significant remodeling of the ve-
nous tissue, leading to structural and degenerative changes
in the vein wall and valve dysfunction [19-22].

In recent years, scientific publications have appeared that
claim the presence of endothelial dysfunction after surgery
for varicose veins of the lower extremities [ 20, 23—26].

However, there is no clear answer about the level of ED
after various operations on the superficial venous system.

The objective: to assess endothelial dysfunction after
classical saphenectomy and intravenous laser ablation.

MATERIAL AND METHODS

100 patients who were operated on for varicose veins of
the lower extremities C2-C4 according to the CEAP clas-
sification were under observation. Of them, 68 are women,
32 are men. By age, according to the age classification of
the World Health Organization, the patients were 25—44
years old (young age). Patients with diseases that could
affect the level of endothelial dysfunction, in particular:
coronary heart disease, hypertensive disease, metabolic
cardiomyopathy, cerebrovascular diseases, diffuse connec-
tive tissue diseases, diabetes, rheumatoid arthritis, were
excluded from the study.

Depending on the type of operation, all patients were
divided into two subgroups. Group 1 (n=60) included pa-
tients who underwent endovenous laser ablation (EVLA),
group 2 (n=40) included patients who underwent classical
saphenectomy. The control was 30 healthy people. By age
and clinical classification, the patients in the groups were
the same. Endothelial dysfunction (ED) was assessed by
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determining the level of ED markers: P-selectin, E-selectin,
tissue plasminogen activator, endothelin-1, vascular endo-
thelial adhesion molecule type 1, circulating endothelial
cells (CEC). These indicators were studied in 100 patients
(1 day before surgery, 10 and 60 days after surgery).

Blood sampling was carried out intraoperatively by
puncturing the ulnar vein of the forearm and the trunk of
the varicose-dilated large saphenous vein, departing from
the saphenous-femoral junction distally by 2 cm.

Concentrations of P-selectin, E-selectin, tissue plas-
minogen activator, type 1 vascular endothelium adhesion
molecule (sVCAM-1-soluble vascular cellular molecule)
were determined using kits from Bender MedSystems
(Austria) for enzyme-linked immunosorbent assay (ELI-
SA) according to the manufacturer’s instructions. The
concentration of endothelin-1 was determined using kits
from the company «Biomedica» (Canada) for ELISA ac-
cording to the manufacturer’s instructions. Reaction eval-
uation was performed on a SUNRISE microplate semi-
automatic photometer (Tecan, Austria) using a Hydroflex
wash station (Tecan, Austria), allowing for standardiza-
tion of these methods.

To determine the circulating endothelial cells (CEC),
we used the method of J. Hladovec and N.N. Petrishcheva
et al. (2001). Also, blood for research in the postoperative
period was collected from the femoral vein of the limb by
its puncture and from the ulnar vein of the forearm. The ob-
tained results were analyzed using the STATISTISA 12.0
program package.The significance of the obtained differ-
ences between the results (minimum level of significance
p<0.05) was evaluated using the Kruskel-Wallace and
Newman-Keuls tests (BioStat program, AnalystSoft Inc.)

RESULTS AND DISCUSSION

The analysis of biochemical markers of ED (Table 1)
indicates the presence of clear signs of it in patients with
varicose disease. Thus, the number of circulating endo-
thelial cells in venous blood affected by varicose veins of
the lower limb was found to be almost 1.7 times higher
compared to venous blood taken from the elbow vein and
1.8 times more than in the control group of patients. This
indicates the locality of pathological processes in varicose
veins and proves the high significance of this marker of en-
dothelial dysfunction in this pathology.

There was also a difference in the sVCAM-1 indicator
towards its increase, determined in venous blood taken from
the large saphenous vein and from the ulnar vein, respectively
(384.2+66.3) ng/ml and (339.1£58.7) ng /ml (p<0.05).

This indicates a violation of the interaction of endo-
theliocytes with peripheral blood cells. Thus, the increased
expression of the adhesion molecule sVCAM-1 in the vein
wall is a sign of the migration of leukocytes through the en-
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Table 1

Biochemical markers of endothelial dysfunction before surgery in blood samples from great saphenous vein and ulnar
veins in patients with varicose disease (n=100)

Indicator Control Great saphenous veins Ulnar veins
CEC, cells x104/I 4,3+1,2 7,67+2,3* 4,6+1,1*
sVCAM-1, ng/ml 234,2+57,6 384,2+66,3* 339,1+58,7*
P-selectin, ng/ml 161,9+22,7 201,7+29,4* 176,7+22,5*
E-selectin, ng/ml 39,6%9,6 47,9+11,2* 43,7+8,6*
t-PA, ng/ml 3,4+1,07 2,7+0,6* 2,0+0,9*
Endothelin-1, pmol/ml 2,2+0,4 3,0%1,2* 2,3+0,1*

Note. * — p<0,05.

dothelium, the emergence and maintenance of the inflam-
matory process in it, with its transition into a chronic one.

We also ascertained an increase in the level of P-se-
lectin, E-selectin in the blood taken from the IVC in com-
parison with blood samples from the main ulnar vein and
in the control group of patients. An increase in the level of
selectins P and E in the venous blood indicates a partial
delay of leukocytes with their incomplete stop on the sur-
face of the endothelium — rolling.

According to literature data, P-selectin provides the
initial stage (rapid rolling of leukocytes), the speed of
which slows down when E-selectin is expressed [3—5].

The increase in the level of endothelin-1 in comparison
with the control group of patients is also noteworthy —
3.0£1.2 pmol/ml versus 2.2+0.4 pmol/ml (p<0.05). This
may be the reason for the proliferation of vascular smooth
muscle cells with subsequent hypertrophy of the smooth
muscle layer of the venous wall. What we discovered dur-
ing histological and electron microscopic examination of
the venous system of the lower extremities [9]. Thus, the
occurrence of ED in varicose disease is characterized by an
increase in the number of CECs and the level of biochemi-
cal markers VCAM-1, P- and E-selectins.

The obtained results are a confirmation of the scientific
opinion about the possible participation of the leukocyte
unit in the pathogenesis of varicose transformation of the
venous wall in patients with varicose disease and the for-
mation of the so-called «leukocyte unit of inflammation»
at the level of varicosely altered venous segments. The
above indicates that in the development of varicose veins
of the lower extremities, one of the key roles is played by
inflammation on the background of functionally changed
and activated endothelium.

In our opinion, the determination of ED markers, espe-
cially CEC, can be a diagnostic sign of the initial stage of
varicose disease, as well as a prognostic sign of postopera-
tive recurrence of varicose disease.

In terms of predicting a possible postoperative recur-
rence of varicose veins, we were interested in the answer
to the question — what changes occur in the functional
state of the endothelial system after EVLA and classic
saphenectomy. Thus, after EVLA, on the 10th day we as-
certained (Table 2) an increase in CEC from (7.13+1.72)
cells 104/1 to (9.53%1.96) cells 104/1 (p< 0.05). At the
same time, after the classic (Table 3) saphenectomy, this
indicator, in comparison with EVLA, increases by 0.84
times and amounts to (11.2520.66) cells 104/1 (p<0.05).

Also, on the 10th day, an increase in sVCAM-1 was also not-
ed from (356.76+11.78) ng/ml to (4774+18.69) ng/ml, which
is 1.93 times higher than the indicator of the control group
and 1.34 times the initial indicator, while with traditional
saphenectomy the blood concentration of sVCAM-1 is
even higher and is (479.13+17.86) ng/ml (p<0.05). After
EVLA, the inflammatory reaction was less than after clas-
sic saphenectomy, which is also indicated by a statistically
significantly lower sVCAM-1 index.

The increased concentration of sVCAM-1 after surgery
also indicates increased adhesion of leukocytes to endothe-
lial cells, as a reaction to major traumatization of the venous
wall. When analyzing the level of P-selectin, a slight increase
in its concentration is noted from (188.73+8.89) ng/ml before
surgery and to (178.7+4.54) ng/ml on the 10th day after mini-
mally invasive intervention, compared to (183.75+3.77) ng/ml
(p<0.05) after classical saphenectomy (Fig. 3).

E-selectin before surgery is (47.47+4.93) ng/ml
(p<0.05), on the 10th day after EVLA — (33.4+4.0) ng/ml,

Table 2

Comparative characteristics of ED indicators before surgery and in the postoperative period during endovenous laser

coagulation (n=60)

Indicator Control (n=30) Before surgery 10 days after surgery 60 days after surgery
CEC, cells x104/I 4,3%1,2 7,13+1,72* 9,53+1,96* 6,13+1,09*
sVCAM-1, ng/ml 234,2+57,6 356,76+11,78* 477,4+18,69* 292,57+24,13*
P-selectin, ng/ml 161,9+22,7 201,7+29,4* 178,7+4,54* 157,57+7,35*
E-selectin, ng/ml 39,6+9,6 47,9+11,2* 33,4+4,0* 25,26+3,0*
Endothelin-1, pmol/ml 2,2+0,4 3,0+1,2* 2,78+0,28* 2,46+0,24*

Note. * — p<0,05.
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Table 3

Comparative characteristics of ED indicators hefore surgery and in the postoperative period during classic
saphenectomy (n=40)

Indicator Control (n=40) Before surgery 10 days after surgery 60 days after surgery
CEC, cells x104/I 4,3%1,2 7,13+1,72* 11,25+0,66* 6,49+1,67*
sVCAM-1, ng/ml 234,2+57,6 356,76+11,78* 479,13+17,86* 301,5+3,97*
P-selectin, ng/ml 161,9+22,7 201,7+29,4* 1883,75+3,77* 164,75%4,12*
E-selectin, ng/ml 39,619,6 47,9+11,2* 39+3,08* 27,5+2,5*
Endothelin-1, pmol/ml 2,2+0,4 3,0%1,2* 2,83%0,34* 2,75%x0,18*

Note. * — p<0,05.

and after classic saphenectomy — 39£3.08 ng/ml (p<0.05)
(Fig. 4).

The concentration of endothelin-1 on the tenth day af-
ter EVLA and classic saphenectomy is (2.78+0.28) ng/ml
and (2.83+0.34) ng/ml (p<0.05), at (2.24%0.016) ng/ml
(p<0.05) in the control group. After 60 days after surgi-

surgery after
surgery
m Classic saphenectomy HEVLA

Fig. 1.Comparative characteristics of circulating
endothelial cells in EVLA and classic saphenectomy
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Fig. 3. Comparative characteristics of P-selectin in

patients undergoing endovenous laser coagulation and
classical phlebectomy
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cal interventions, signs of ED remain, although according

to the analysis of indicators, it is lower than in the early
postoperative period.

Thus, after EVLA, the number of CECs remains high-
er than the control indicators — (6.13+1.09) cells 104/1,
with controls — (4.3£1.2) cells 104/1 (p<0.05), with the
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Fig. 2. Comparative characteristics of SWGAM-1 in

patients undergoing endovenous laser coagulation and
classical phlebectomy
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Fig. 4. Comparative characteristics of E-selectin in

patients undergoing endovenous laser coagulation and
classical phlebectomy
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indicator of the control group (3.67+1.44) cells 104/1. Af-
ter classical saphenectomy, the number of CECs is slightly
higher than with EVLA — (6.49+1.67) cells 104/1.

A similar pattern was observed in both groups with
sVCAM-1 concentration. On the 60th day after mini-
mally invasive surgical intervention, the concentration
of this marker is (292.57+24.13) ng/ml, in the control
(234.2£57.6) ng/ml, which is 1.8 times lower than the 10-
day indicator of this group. With classical phlebectomy, a
less rapid drop is noted — 301.5£3.97 ng/ml, compared to
10 days by 1.6 times (479.13+17.86) ng/ml (p<0.05).

RESULTS AND DISCUSSION

Taken together, our results suggest that EVLA is
less damaging to the vascular endothelium and produces
lower levels of pro-inflammatory mediators than clas-
sical saphenectomy. This may suggest that cellular and
systemic changes after EVLA are safer for patients with
varicose veins in terms of the development of subsequent
ED and inflammation. This may suggest that cellular and
systemic changes after EVLA are safer for patients with

TEMMU

varicose veins in terms of the development of subsequent
ED and inflammation. During stripping, the entire vein
is removed, side branches are disrupted and bleeding into
the stripping channel occurs.

During the laser technique, the vessel remains in place
and is damaged by heat from the inside without concomi-
tant damage to the surrounding tissues and bleeding. For
this reason, either factors associated with altered cell
functionality or technical features should be taken into
account in the final choice of surgical intervention meth-
od for varicose veins.

CONCLUSIONS

1. The level of endothelium is higher after classic
saphenectomy, and the inflammatory response after
EVLA was less compared to classic saphenectomy, which
is also indicated by statistically significantly lower values
of sVCAM-1.

2. Existing endothelial dysfunction in the postoperative
period requires correction with multicomponent drug
therapy.
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