Abduvosidov Kh.A., Chudnykh S.M., Shestakova V.G., Alekseev A.G., Kokoev M.M., Kozlov N.S., Korolyuk G.M.
Anatomical-functional state of surface lymphatic system of lower extremities in chronic vein diseases
according to fluorescence lymphography

ANATOMICAL-FUNCTIONAL STATE OF SURFACE
LYMPHATIC SYSTEM OF LOWER EXTREMITIES IN CHRONIC
VEIN DISEASES ACCORDING TO FLUORESCENCE
LYMPHOGRAPHY

Abduvosidov Kh.A."23, Chudnykh S.M.%#, Shestakova V.G.3, Alekseev A.G.’,

Kokoev M.M.4, Kozlov N.S.%, Korolyuk G.M.*

'Russian Biotechnology University, Moscow, Russia

2Loginov Moscow Clinical Scientific and Practical Center, DHM, Moscow, Russia

$Tver State Medical University, Tver, Russia

*Moscow State University of Medicine and Dentestry named after A.l. Evdokimov, Moscow, Russia

Abstract

Despite the large arsenal of diagnostic methods for studying the lymphatic system, there are isolated works on its morpho-functional state in
chronic venous insufficiency. The purpose of the study was to study the anatomical and physiological state of the surface lymphatic system of the
lower extremities in persons with different clinical classes of chronic vein diseases using fluorescence lifography. The study was conducted in 105
patients divided into six groups according to the clinical class of chronic diseases of the veins of the lower extremities according to the CEAP clas-
sification. We used fluorescent lymphography using sodium fluorescein to study the anatomical and functional capabilities of the lymphotone. The
study revealed that morphofunctional changes in superficial lymphatic vessels in chronic lower extremity vein diseases depend on venous system
decompensation. With an increase in the clinical class of chronic diseases of the veins of the lower extremities, the rate of lymph flow through the
superficial lymphatic vessels is statistically significantly reduced. At the same time, the antegrade lymph cell is completely absent in C5-C6, with the
appearance of retrograde outflow and discharge of the lymph into the deep lymph vessels. Thus, the progression of chronic venous insufficiency
leads to proportional progression of morphofunctional changes in the superficial lymphatic system, which leads to the formation of ymphovenous
insufficiency.
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Peslome
HecmoTpa Ha 6onbluoii apceHan AMarHOCTUYECKMX METOAOB NCCNeA0BaHNA TMMbATUYECKON CUCTEMBI, UMEIOTCA eAUHNYHbIE PaboTbl, MOCBA-
LWEHHble MOPPOPYHKLIMOHANIbHOMY €e COCTOAHMIO MPY XPOHNYECKOW BEHO3HOW HeAOCTaTOUHOCTU. Llenbio nccnepoBaHua ABUAOCH N3yyeHne
aHaTOMO-(GU3MONIOTNYECKOTO COCTOAHUA MOBEPXHOCTHOMN NMMMPATUUYECKON CETU HXKHX KOHEYHOCTEN Y ML, C PasHbIMM KIMHUYECKMU Kilac-
Camu XpPOHMYeCKMx 3abosieBaHUA BEH Npu noMoLm GnayopecLeHTHon numdorpadum. B nuccneposaHme BktodeHbl 105 naumeHToB, pacnpe-
[E€NEHHbIX Ha LWeCTb rPYMM COrMacHO KIMHNYECKOMY KJTaCcCy XPOHUYECKIMX 3aboneBaHNi BEH H/XKHIX KOHeUHOCTe no Knaccudukaumm CEAP.
[ina nccnefoBaHnA aHaTOMO-QYHKLMOHAIbHbIX BO3MOXXHOCTEW IMM$OOTTOKa HaMU UCToJIb30BaHa METOAMKa dIiyopecLieHTHON nmdorpa-
dun c nprmeHeHnem drnyopecuenHa Hatpusa. Mpu nccneaoBaHUK BbiABNEHO, YTO MOPGOdYHKLMOHaNbHbIE N3MEHEHWNA MOBEPXHOCTHBIX JINM-
baTyecKrx cocyfioB MPU XPOHUYECKNX 3a60N1EBAHNAX BEH HUXKHVX KOHEYHOCTEN 3aBUCAT OT AEKOMIMEHC AL BEHO3HOM crcTembl. Mpu BO3-
pacTaHnm KIIMHNYECKOTO Kacca XPOHNYECKMX 3aboneBaHunii BEH HKHUX KOHEYHOCTE CTaTUCTUYECKUN JOCTOBEPHO YMEHbLUIAETCA CKOPOCTb
NMMPOOTTOKA MO MOBEPXHOCTHLIM NUMATNYECKMM cocyaaM. Mpn 3ToM aHTerpafHblii MIMMQOOTTOK NOSIHOCTbIO OTCYTCTBYET Y MaLMEHTOB C
K/acCoM XPOHMYECKMX 3a60NeBaHNN BEH HKHIX KOHeYHocTel no Knaccudukaumm CEAP C5-C6, ¢ noaBeHNneM PeTporpagHoro oTToka 1
cbpoca numdbl B ryboKre numdaTmyeckme cocyapl. Takum 06pa3om, MporpeccrpoBaHie XPOHNYECKOV BEHO3HON HEAOCTaTOYHOCTMN MpU-
BOAMT K NPONOPLMOHaNbHOMY NPOrpeccrpoBaHiiio MOPGOdYHKLMOHANBbHBIX N3MEHEHNIA B MOBEPXHOCTHOW NMdaTMYeCKol CcTeMe, YTo
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BbI3blBaeT GOPMUPOBaHME NMMPOBEHO3HON HELOCTATOYHOCTH.

KnioueBble cnoBa: Bapriko3Hasa 60s1e3Hb, XpOHMYecKkue 3a6oeBaHnsA BEH HUXHUX KOHEYHOCTEN, XPOHNYEeCKaa BeHO3HasA He0CTaTOYHOCTb,
numdatnyeckme cocyabl, numdorpadus, dnyopecueHTHaa numdporpadus, NMMPOOTTOK.
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Introduction

Chronic venous diseases of the lower extremities are
one of the urgent problems in modern medicine. Accord-
ing to a number of authors, 80% of the population of indus-
trialized countries suffers from these diseases, up to 50%
of them have signs of chronic venous insufficiency (CVI),
and up to 10% have trophic disorders of the lower extremi-
ties[1, 2, 3, 4, 5]. When venous outflow from the lower limb
basin is disturbed, as some authors note, the function of
the lymphatic system is also disturbed, which proves the
close interrelation of these two systems. At pathological
processes in the vein system of the lower limbs a vicious
circle is created, which represents secondary compensa-
tory morphofunctional changes in the lymphatic system,
which subsequently take irreversible character [6].

To date, many techniques for studying the mor-
phofunctional state of the lymphatic system has been
developed. Back in the beginning of the last century,
russian scientists A.S. Zolotukhin and M.G. Prives devel-
oped a technique of lifetime study of the lymphatic sys-
tem - indirect lymphography. With the development
of technologies the study of the lymphatic system was
improved. Various ways of studying the lymphatic system
with the help of radiation methods were introduced into
medical practice [7, 8, 9]. Modern diagnostic methods
allow to give morphofunctional characterization of the
studied objects, but at the same time these methods are
rather expensive and often invasive.

Today, various methods of lymphography, including
fluorescence lymphography, are used worldwide. Most
researchers point to the effectiveness of this method in

patients with lymphedema to identify the causes of lym-
phatic channel dysfunction [10, 11, 12, 13, 14, 15]. At the
same time, there are few studies in the literature, which are
aimed at studying the lymphatic system in chronic venous
insufficiency.

The aim of our study was to investigate the anatomo-
physiological state of the superficial lymphatic network
of the lower extremities in individuals with different clini-
cal classes of chronic venous diseases using fluorescence
lithography.

Materials and Methods

The study was approved by the independent ethics
committee of the Moscow Clinical Research and Practice
Center named after A.S. Loginov, Department of Public
Health, Moscow (protocol No. 6/2021 of 23.06.2021). 105
patients were examined. There were 48 women and 57
men among the patients. Preliminarily, all patients under-
went ultrasound duplex examination of the lower limb
vessels to study the morphologic and functional status of
both veins and arteries. Complaints and anamnesis were
analyzed. Patients with oncological diseases, patients
who had undergone occlusive thrombosis of deep veins
of the lower extremities, as well as patients with diabe-
tes mellitus and stenotic atherosclerosis of the arteries
of the lower extremities were not included in the study.
Depending on the clinical class of chronic vein diseases
of the lower limbs according to the CEAP classification,
the patients were categorized into six groups (Table 1).

To study the anatomy of superficial lymphatic vessels
and functional capabilities of lymphatic outflow in real
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Ta6nmua 1l

PacnpepgeneHve nayMeHToOB ¢ pa3HbIMU KIMHUYECKUMU Knaccamu

XPOHUYECKUMU 3a6oneBaHnsasMu BeH (X3B) no CEAP
Table 1

Distribution of patients with different clinical classes of chronic vein diseases (CVD) by CEAP

KonunuectBo

N2 rpynnbi

Bospacr

1 C-0;C-1 30
2 -2 15
3 -3 15
4 c-4 15
5 -5 15
6 -6 15

Total 105

time, we applied the technique of fluorescence lymphog-
raphy with the use of sodium fluorescein [16, 17].

The CEAP classification was adopted at the American
phlebological forum in 1994. Later it was widely spread
in Europe and Asia. Today this classification is widely used
by the majority of phlebologists in Russia.

In our study we applied fluorescent lymphography
using fluorescein preparation (“Novartis”), the active sub-
stance of which is diagnostic dye fluorescein sodium (Fig.
1). In the horizontal position of the patient, 2 ml of fluores-
cein sodium diluted 10 times in physiological solution was
injected into the area of the first and second interfinger
spaces and the area of the right and left ankle. After sub-
cutaneous injection of the drug, an examination was per-
formed using a light source with a blue spectrum of radia-
tion (wavelength - 480 nm), stimulation of which leads
to yellow-green fluorescence with a wavelength of 520
to 530 nm. After 5, 10, 15, 15, 30, 45, 60 min in dark room
conditions using a light source with 480 nm wavelength,
staining of superficial lymphatic vessels was assessed, fol-
lowed by documentation with a digital camera. The num-
ber of visualized vessels, their topography, straightness of
direction, as well as the width of luminescence and the
direction of lymph flow through lymphatic vessels were
evaluated (Fig. 2).

Using a stopwatch and a ruler, the lymph flow velocity
along the superficial lymphatic vessels was measured, for
which the length of the stained vessel and the time elapsed
after fluorescein injection was measured in each of the
specified time intervals. To calculate the lymph flow veloc-
ity the formula V=S/T was applied, where S is the length of
the stained vessel, T is the time after the drug injection.

The Shapiro-Wilk method was used to determine the
type of quantitative features. A sign was considered nor-
mally distributed at p>0.05. Quantitative data are pre-
sented as median and interquartile range (25% and 75%).
Statistical analysis was performed using non-parametric
statistical methods. The Kraskell-Wallis method (ANOVA)

nayueHToB M K

18 12 68 [64-72]
7 8 67 [61-73]
7 8 66 [63-74]
10 5 67 [59-72]
9 6 67 [64-72]
6 9 69 [63-73]
57 48 68 [63-73]

was used to compare the six groups. The sign was con-
sidered reliably different in the groups at p<0.05. When
this condition was met, the Mann-Whitney method
for pairwise comparisons with Bonferroni correction
(k=0.05/15=0.0033) was further used.
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Puc. 1. dnyopecuenH HaTpusa U GboHapb ¢ U3NyYeHUeM CUHero
creKTpa.
Fig. 1. Fluorescein sodium and Blue Light.

Puc. 2. OueHKa cTeneHu nuMmdaTU4eCKon HeAO0CTaTOYHOCTHU Nocne
BBeAeHus ¢pryopecuenHa HaTpus.

Fig. 2. Assessment of the degree of lymphatic insufficiency after
fluorescein sodium injection.
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Results and Discussion

Preliminary ultrasound examination showed that
patients with clinical class 0 and 1 had no signs of valve
insufficiency and varicose transformation of the lower
limb veins. At the same time, clinically there were only
signs of telangiectasias or reticular vein dilatation. The
listed clinical and instrumental data and further inves-
tigation of lymphatic vessels by fluorescence lymphog-
raphy showed that in group 1 patients the superficial
lymphatic network consisted of rectilinear and uniform
in diameter numerous drainage collectors.

After sodium fluorescein injection there was a clear
fluorescence with the image of lymphatic vessels course,
and during further 30-50 min there was a clear staining of
superficial lymphatic network. In the first group of patients
we noted that 1-2 min after the drug injection the injec-
tion site took a proximal elongated shape (Fig. 3). The
velocity indices of lymph flow through superficial lym-
phatic vessels in the patients of the first group were the
highest and amounted to 11.3 [10.9-11.5] cm/min (Table
3). When studying morphometric parameters in patients
of this group the following data were obtained: vessel
luminal width was equal to 2 [1.5-2.0] mm (Table 2).

Further study showed that in group 2 patients suffer-
ing from varicose veins without clinical signs of CVI, such
as edema or trophic disorders, superficial lymphatic ves-
sels took a tortuous shape. At the same time, the width of
lymphatic vessels in patients of this group was 2 [2-2.5]
mm, which was significantly greater compared to the
parameters of group 1 patients (p=0.0016). In patients
of the 2nd group three groups of direction of superficial
collector lymphatic vessels, as well as the multiplicity of
diverting collector lymphatic vessels were preserved in
the tibia region. The functional state of the superficial
lymphatic network in patients with CEAP class 2 was sig-
nificantly lower than in group 1 patients, as indicated by
a decrease in lymphatic outflow velocity to 8.3 [8.2-8.5]
cm/min (p<0.0001 compared with group 1).

In patients with varicose disease with clinical manifes-
tation in the form of lower limb edema without trophic
disorders, the same number of superficial vessels in the
lower leg area was preserved as in patients of groups 1
and 2. The course of the superficial lymphatic vessels was
not straight, in the tibia region there was noted a tortu-
osity of their direction. At the same time it was revealed
that in group 3 patients with the appearance of edema,
which characterizes the beginning of venous insuffi-
ciency, the width of superficial lymphatic vessels lumi-
nescence increases, indicating morphological changes in
lymphatic vessels. Thus, the luminal width in group 3 was
the maximum, amounting to 3.5 [3.5-3.5] mm (p<0.001
compared with the values of groups 1 and 2). Parallel to
the increase in the width of lymphatic vessels in patients
of group 3, their functional state also deteriorated, which
was indicated by a decrease in the antegrade lymph

Puc. 3. PnyopecueHTHas numoorpacdus y naumeHTKu ¢ 1-m Knu-
HU4Yeckum Knaccom X3B no CEAP. Yepe3 5 MyH nocne BBegeHus
dnyopecuenHa HaTpus OKpalleHbl IMMdaTU4ecKue cocyabl Thbina
npaBou CTOMNbI.

Fig. 3. Fluorescent lymphography in a patient with CVD Class 1
according to CEAP. 5 min after the injection of fluorescein sodium,
lymph vessels of the rear of the right foot were stained.

TaGnuua 2

Mopdonorvyeckas xapaKTepucTMKa MNOBEPXHOCTHbIX
nMmdaTUYECKUX COCYAOB MNPU PasIMYHbIX KAUHU4Ye-
CKUX Knaccax X3B no CEAP

Table 2

Morphological characterization of superficial lym-
phatic vessels in different clinical CVD classes accor-
ding to CEAP

Wunpwuna
- cBeveHusn P-val
PYAMRL | cocyna (mm) p<0,0001
P1-2 p=0,0016;
5 P1-3 p<0,0007;
1(n-30) P1-4 p<0,0007;
[1,5-2,0] P1-5 p=0,0044;
P1-6 p<0,0001
P2-3 p<0,0001;
2 P2-4 p<0,0001;
2 (n-15) [2-2,5] P2-5 p=0,001;
P2-6 p<0,0001
35 P3-4 p=0,0013;
3 (n-15) . P3-5 p<0,0001;
[3,5-3,5] P3-6 p<0,0001
3,0 P4-5 p<0,0001;
4 (n-15) [3,0-3,5] P4-6 p<0,0001
5 (n-15) 0490] P5-6 p=0,23
6(n-15) [0 54 5]

*[INA CpaBHeHWA WeCTX rpynn npumeHann metog Kpackena-Yonnu-
ca. [pr3HaK cumTanm JOCTOBEPHO OTANYHBIM B rpynnax npu p<0,05,
Mpn BbLINOAHEHUM 3TOrO YCNOBWA Aanee UCMONb30Bain METof
MaHHa-YUTH/ gna napHbiX CpaBHeHWI ¢ nonpaBkoi boHpeppoHn
(k=0,05/15=0,0033)

*The Kraskel-Wallis method was used to compare the six groups.
The sign was considered significantly different in groups at p < 0,05,
Under this condition, the Mann-Whitney method was further used
for Bonferroni-corrected pairwise comparisons (k=0,05/15 = 0,0033)
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Ta6nuya 3

DyHKLMOHANIbHAA XapaKTepUCTMKA MOBEPXHOCTHbIX
nMmdaTUYECKUX COCYAOB MpPU PasIMYHbIX KIAUMHUYe-
cKux Knaccax X3B no CEAP

Table 3

Functional characteristics of superficial lymphatic
vessels in different clinical CVD classes according to
CEAP

CKopocTb
numd$poToKa
(cm/muH)

Fpynnbi

11,3 P1-2,P1-3,P1-4,P1-5, P1-6

1(n-30)

[10,9-11,5] p<0,0001
2015 535 P o000
3015 g " p<00001
=) el Ztg,'o%‘g?
5 (n-15) 0908] P5-6 p=0,19
6 (n-15) o

flow rate to 4.7 [4.6-5.7] cm/min (p<0.0001 compared to
groups 1 and 2).

Patients included in group 4 had edema of varying
severity and trophic disorders in the form of indurative
changes of the skin and subcutaneous tissue or lipo-
dermatosclerosis. Trophic disorders in the majority of
patients in this group had a circular character. The study
revealed that in this group of patients the width of vessels
was uneven, along the course of vessels their dilation and
constriction, as well as tortuosity of lymphatic vessels on
the foot were noted (Fig. 4). The luminescence width of
superficial lymphatic collectors in this group of patients
was 3.0 [3.0-3.5] mm (p<0.0001 compared to the values
of patients in the previous groups). At fluorescence lym-
phography in the area of trophic disorders, the contrast
of superficial lymphatic vessels was not not observed. At
the same time, patients with the 4th clinical class showed
pronounced disorders of the functional state of the lym-
phatic network of the lower limbs, which was indicated
by a significant decrease in the antegrade lymph flow
rate to 1.3 [1.0-1.6] cm/min (p<0.0001 compared to the
previous groups). When sodium fluorescein was injected
into the ankle region, the staining of lymphatic vessels in
this group of patients occurred in a retrograde direction.
The established retrograde current of sodium fluorescein
from the ankles was at a rate of 2.9 [1.5-3.1] cm/min.

Patients with a history of trophic ulcers on the back-
ground of CVlwere included in group 5, and patients with
open trophic ulcers in the shin area - in group 6. During

the examination it was revealed that patients of groups 5
and 6 also had uneven diameter of superficial lymphatic
vessels on the background of trophic disorders (as well as
patients of groups 3 and 4). The width of vessels was nar-
rowed, and their course was not straight on the back of
the foot in the form of tortuosity of the vascular network.
The luminal width of vessels in patients of groups 5-6
was statistically significantly (p<0.0033 with Bonferroni
correction) smaller compared to the values of patients of
groups 1-4, amounting to 1.0 [0.5-2.0] mm and 1.0 [0.5-
1.5] mm, respectively. It should be noted that no fluo-
rescence of lymphatic vessels was detected in the area of
pronounced indurative changes and trophic ulcers when
performing lymphography, which indicated sclerosing
of lymphatic vessels against the background of scarring
changes of soft tissues. At the same time in patients of
these groups against the background of expressed tro-
phic disorders there was a significant decrease of lymph
flow velocity along the superficial lymphatic vessels
(Table 3). The lymph flow velocity was equal to 0.6 [0.4-
0.8] cm/min, and 0.5 [0.0-0.6] cm/min, respectively. When

.

Puc. 4. dnyopecueHTHasa numdorpadus y naumeHTa ¢ 4-M KIUHU-
Yyeckum Knaccom X3B no CEAP. Yepe3 15 MuUH nocne BBeAeHUs
¢nyopecuenHa HaTpUs OKpaLueHbl IMMdaTMyecKkue cocyabl Tbina
cTonbl, Nepexoasiune B MeananbHYyO Fpynny KONIEKTOPOB.

Fig. 4. Fluorescence lymphography in a patient with CVD class
4 according to CEAP. 15 min after the injection of fluorescein
sodium, the lymph vessels of the rear of the foot were stained,
passing into the medial group of collectors.

Puc. 5. dnyopecueHTHaa numdorpadus y naumeHta ¢ 6-m Kau-
HU4Yeckum Knaccom X3B no CEAP. Yepe3 5 MuH nocne BBegeHUs
¢nyopecuenHa HaTpUsi NPOUCXOAUT OKpallMBaHWe B peTporpaa-
HOM HanpaBNeHUH.

Fig. 5. Fluorescence lymphography in a patient with CVD 6 clinical
class according to CEAP. 5 min after the injection of fluorescein
sodium, retrograde staining occurs.
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sodium fluorescein was administered, it was observed
that staining of lymphatic vessels occurred in the retro-
grade direction, and the lymphatic current velocity was
1.5 [1.2-1.7] cm/min, 1.2 [1.1-1.7] cm/min in the retro-
grade direction, respectively (Figure 5).

There are single works in the literature, which are
devoted to the study of the functional state of the lym-
phatic network of patients with chronic venous insuffi-
ciency of the lower extremities [18, 19]. Using functional
lymphography with the use of superfluid oil lipidol prepa-
ration and lymphoscintigraphy, G.V. Chepelenko a vio-
lation of drainage and transport function of lymphatic
capillaries was established from the edges of the ulcer, at
the level of withdrawing (from the skin to the collector),
collecting (from the foot to the regional nodes) vessels
[18]. We have developed and patented the technique of
fluorescent lymphography [16, 17, 19], which was used to
study superficial lymphatic vessels in individuals with dif-
ferent clinical classes of CVD according to CEAP classifica-

according to fluorescence lymphography

tion. On the basis of the performed study using fluores-
cent lymphography a close relationship between second-
ary changes in the lymphatic channel of the lower limbs
and the severity of trophic disorders on the background
of chronic venous insufficiency was revealed. It was found
out that the antegrade lymph flow rate through superficial
lymphatic vessels decreases in proportion to the increase
of clinical class according to CEAP and is completely absent
at C5-C6, which is explained by retrograde flow and lymph
discharge into deep lymphatic vessels. The course of vari-
cose veins is manifested by deterioration of functional
state of lymphatic vessels, which leads to decompensated
state of lymphatic outflow.

Conclusion

Thus, the progression of chronic venous insufficiency
leads to proportional deterioration of the morphofunc-
tional state of the superficial lymphatic system, which
leads to the formation of lymphovenous insufficiency.
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