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Application of Laserobaria 2.0_S device in the
treatment of hard-to-heal wounds of mixed etiology
— own experience
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Abstract
Introduction: The formation of hard-to-heal wounds can have many causes and is most often the result of
the influence of several patient health factors. Some of the most difficult to treat effectively are wounds resulting
from complications of diabetes, known as diabetic foot syndrome.
Material and methods: Fifty-two patients (mean age 67 years + [ 1.5) were eligible. All patients had
chronic wounds of varied etiology in the lower limb, the previous treatment of which had not been satisfactory.
Therapy parameters were selected individually; in addition to standard therapy, topical physical agents such
as light therapy, pulsed electromagnetic field (PEMF), ozone therapy, and oxygen therapy were included in the
treatment. Each therapeutic cycle lasted 10 consecutive days (excluding Saturdays and Sundays), and each
treatment lasted approximately | hour.
Results: The analgesic effect of PEMF therapy was reported at 60% according to the VAS scale assessment.
Pain was reduced from the third day of treatments, including for patients in whom pharmacological pain
relief did not produce a clear improvement. Wound improvement, through granulation, after the first | 0-day
treatment cycle was observed in 40.5% of patients (14 k, 7 m). Four patients dropped the continuation of
treatment because they did not see healing progress. Six patients dropped out of the next treatment cycle for
other reasons (high cost of therapy, long distance of the clinic from home, and other socio-economic reasons).
Conclusions: The high efficiency of combining standard treatment with innovative physical treatments allows
for better patient care, which accelerates the necessary therapeutic steps toward holistic patient treatment.
The authors recommend further multicenter, randomized, blinded trials to develop the optimal dosage to
maximize the therapeutic effect and shorten the time to complete wound closure.

Keywords: diabetic foot syndrome; chronic wounds; topical physical agents; light therapy;
pulsed electromagnetic field (PEMF) therapy; ozone therapy; oxygen therapy
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Introduction

The formation of hard-to-heal wounds can have
many causes and is most often the result of the in-
fluence of several patient health factors. Some of the
most difficult to treat effectively are wounds resulting
from complications of diabetes, known as diabetic foot
syndrome.

The main determinants of the development of
diabetic foot ulcers are neuropathy and lower limb
ischemia. As the disease progresses, there is a severe
degeneration of the tissues of the lower limb, which
manifests itself in swelling, severe pain, and the deve-
lopment of serious infections within even minor cuts
and skin injuries. Tissues within the wound, as a result of
impaired functioning of the blood system, are unable to
effectively fight off foci of infection or conduct a proper
and effective regeneration process. Such asituation pro-
motes increased infectious colonization of the wound
and further degeneration of adjacent tissues, which can
eventually even lead to osteitis.

The treatment of patients with hard-to-heal ex-
tremity wounds requires a multidisciplinary team that,
in inpatient, outpatient, and at home, will be able to
effectively provide assistance to the patient by perfor-
ming the necessary procedures, properly dressing the
wound, and educating the patient and his family.

Often application of all good practices and con-
ventional methods of treating hard-to-heal wounds
is insufficient and additional measures must be taken,
using the latest available methods.

The article describes the clinical experience of the
wound healing process using the innovative Laserobaria
2.0_S device. The device allows for local oxygen thera-
Py, ozone therapy, magnetotherapy, red light therapy,
and UV light therapy.

In the period from July 2021 to May 2022, the
Alfamedica Silesia North Medical Center provided the-
rapy for hard-to-heal wounds of mixed etiology using
a combined physical therapy method with the Lasero-
baria 2.0_S device manufactured by INVENTMED Sp.
z o.0. for 52 patients.

The following paper presents the detailed therapeu-
tic effects and methodology of using the Laserobaria
2.0_S device.

Material and methods

Description of the population

Fifty-two patients (mean age 67 * 11.5 years),
23 women (mean age 68 * 9.8), and 29 men (mean
age 66 * 12.6) in the present group were qualified for
treatment with combined physical therapies. All of the
patients had chronic wounds in the lower extremity, the

Table |. Demographic description of patients

M SD Min Max N
66.8 1.5 38 9l 52
Women

M SD Min Max N
67.6 9.8 38 78 23
Men

M SD Min Max N
66.2 12.6 45 91 29

Table 2. Distribution of patients by age groups

> 70 12 12
60-70 7 7
50-60 2 7
40-50 I 3
30-40 I 0

previous treatment of which had not been satisfactory,
and the persistent state of wound infection posed, in
many cases, a real risk of having partial limb amputation.
The etiology of the wounds varied, and a detailed bre-
akdown by the condition is in preparation (Table I, 2).

Each patient was treated with drug therapy. If ne-
cessary, the wound was treated surgically before treat-
ment with Laserobaria 2.0_S. On each treatment day,
the dressing was changed and the wound was cleaned
in an outpatient setting (Fig. 1).

Description of therapeutic measures

Phototherapy — during the treatment, light is
emitted with wavelengths in the red light range. This
wavelength of light, according to the laws of photo-
biology, allows penetration through cells in highly ab-
sorbent bands. For most tissues in the body, the main
chromophores are hemoglobin and melanin, which
have high-absorption bands in the mentioned range [I].
Light radiation is absorbed by the skin, stimulating the
skin’s natural healing processes and reducing pain. Red
light increases blood flow and oxygen and causes the
production of oxygen free radicals acting destructively
against bacteria [2]. Light therapy is very effective in
treating skin ulcers caused by diabetes. Wound de-
contamination and the device itself are achieved by
light-emitting diodes, which emit ultraviolet light. It
can also be used to treat psoriatic lesions or atopic
dermatitis [3].

Magnetotherapy — Magnetic fields have a beneficial
effect on tissue respiration and regeneration proces-
ses. Magnetic influence at the cellular level primarily

62 www.journals.viamedica.pl/acta_angiologica
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Figure I. An overview photo of the Laserobaria 2.0_S therapy kit

stimulates the production of calcium-dependent com-
pounds, Calmodulin (CAM+) [4]. This is an essential
cellular process for tissue growth and regeneration.
Also through its anti-inflammatory and anti-oedematous
effects, combined with the enhancement of beta-en-
dorphin secretion processes, it has a strong analgesic
effect, which is of great importance in pain patients. In
the case of therapeutic medicine, thanks to the proper
selection of the field frequency to the transmembrane
impedance of the cells, effective therapeutic values
oscillate around a few militesla. This feature makes it
possible to construct devices that are small, safe, and
convenient to use. It has also been shown that a PEMF
(Pulsed Electromagnetic Field) acts on the structures of
cell membranes by changing their properties, induces
an immune enzymatic response, and has an effect on
collagen and creatine formation [5]. The above features
also translate into the high effectiveness of magnetic
field therapy for osteoarticular diseases and injuries.
Bones subjected to PEMF treatment knit together faster
and their density increases significantly [6].

Oxygen therapy — is one of the most effective
methods of delivering oxygen to all cells of the body.
The use of pressure higher than atmospheric pressure
deprives oxygen of its physiological barriers to pene-
tration through tissues, allowing oxygen to penetrate
poorly circulated areas, such as wounds. TOT (Topical
Hyperbaric Oxygen Therapy) which is categorized as
low-pressure oxygen therapy is effective for treating
necrotic and gangrenous wounds. Topical oxygen the-
rapy has several advantages over classical hyperbaric
therapy in that it is safer and less expensive; due to
the reduced pressure (0.5-1.3 ATA), the risk of oxy-

iaSERGBANIN 6.v7f

gen poisoning is reduced, it facilitates the application
of spot treatment, etc. Providing more oxygen to the
tissue during recovery is a key element of successful
therapy. In chronic wounds, a high oxygenation gradient
is observed in the tissues, especially between the center
of the wound and its periphery. The partial pressure of
oxygen (po2) varies from 0—10 mm Hg in the center
of the wound to 60 mm Hg at the wound periphery,
while the po2 concentration in arterial blood averages
100 mm Hg. Providing supplemental oxygen to the
treated tissue, as well as other methods to promote
tissue oxygenation, accelerates the healing process.
Oxygen penetrates not only red blood cells — but its
concentration also increases in plasma, the lymphatic
system, and cerebrospinal fluid. Oxygen therapy pro-
motes physiological processes in the body, improving
tissue regeneration and wound healing in conditions
such as diabetic foot, and complications after radiation
therapy of soft tissues and bone. It also promotes neo-
vascularization or the formation of new vessels in the
event of injury or disease. It reduces inflammation and
has proven efficacy in a number of disease entities [7].

Ozone therapy — is among one of the most
effective antiseptic methods. Ozone is the most
potent bactericidal, fungicidal, and virucidal agent. It
oxygenates cells, has a detoxifying effect, improves
cell metabolism, improves blood circulation, reduces
clumping of red blood cells, improves oxygen transport
and blood flow, increases oxygen absorption by tissues,
destroys fungi, bacteria, and viruses, and prevents their
re-emergence [8].

www.journals.viamedica.pl/acta_angiologica 63
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Dosage and selection of therapeutic agents

Therapy parameters were selected for each patient
individually, but general principles of wound mana-
gement according to TIME recommendations were
applied [9] and thus respectively:

— for patients who had severe pain and/or seve-
re swelling of the limb, magnetotherapy was
included;

— intensive biocidal therapy with ozone was used
for patients whose wounds were at risk of infec-
tion or had a local infection-threatening systemic
infection (W.A.R. Wounds at Risk score = 3);

— for patients with a wound at low risk of infec-
tion (W.A.R. < 3), the limb was subjected to
red light stimulation;

— oxygen therapy was used in every case.

UV light

UV light therapy is characterized by the wide varia-
tion in dosage and wavelength ranges used observed
in the literature. Due to the undefined consensus on
dosage and the least favourable benefit-risk ratio of
other methods, UV light therapy was abandoned in
the cases described. Recent meta-analyses, however,
indicate that UV dosing in the low-energy range can
provide therapeutic benefits with very short exposure
times (< 5min) without serious side effects [10]. It is
likely to be harmless for the patient to use UV light
therapy (used in the UV-A device — low harm to the
body), but the therapeutic value remains to be verified.
The proposed dosage is 0. | J/cm” with an exposure time
of no more than 2 minutes at the beginning of therapy.

Ozone therapy

Ozone is administered at the beginning of treatment
to clear the limb of biofilm and, in particular, inacti-
vate viruses within the wound. Sealing the treatment
chamber at the beginning of the treatment also allows
ozone to remain inside the chamber after ozone thera-
py until the chamber is unsealed or ozone is displaced
by oxygen. This approach makes it possible to extend
the effective duration of ozone exposure for another
several minutes (the half-life of ozone is 20 minutes)
[I'1] (Table 3).
Flow rate: 3.5 I/min, capacity: 400 mg/h

Table 3. Duration of ozone therapy, number of treatments

Number of treatments | 57

Pulsed electromagnetic field

Based on previous experience using magnetic fields
and taking advantage of the possibility of almost free
shaping of magnetotherapy parameters, the following
device setting parameters were used (Table 4, 5).

Table 4. Dosage of slow-variable magnetic field
Triangle 4 mT, 5 Hz 12 13

Triangle 4 mT, 10 Hz 3 2

Triangle 4 mT, |5 Hz 0
Triangle 4 mT, 20 Hz I
Triangle 4 mT, 40 Hz
Triangle 2 mT, 60 Hz
Sinus, 4.3 mT, 5 Hz I
Sinus, 4.3 mT, 10 Hz I
Sinus, 4.3 mT, 40 Hz 2

w o N

o |

o o |o

Table 5. Magnetic field trapping time

Treatment time with PEMF | [min]
Medium 14
Median 12
Maximum 20
Minimum 10

A total of 45 sessions (450 treatments) were per-
formed using magnetic fields. Settings that showed
wide therapeutic efficacy were: 4 mT, 5 Hz, triangular
waveform, and bipolar.

Oxygen therapy

Oxygen with a concentration above 90% and
a maximum pressure of 500 Pa or 1000 Pa above
atmospheric pressure was supplied to the therapy
chamber. During oxygen therapy, an atmosphere of
increased pressure and increased oxygen concentra-
tion was maintained in the chamber. After the end of
oxygen therapy, pressure equalization occurred, but it
can be assumed with a high degree of probability that
an elevated oxygen concentration was maintained in
the chamber (Table 6, 7).
Concentration > 98%

Table 6. Oxygen dosage by time

| Pressure [Pa] | Time [min]

Average time I5 Average 570 34
Median I5 Median 500 30
Min 5 Min 500 10
Max 30 Max 1000 60

64 www.journals.viamedica.pl/acta_angiologica
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Table 7. Distribution of maximum pressure dosage

| Number of treatments

500 Pa 61
1000 Pa 10

Red light

The Laserobaria 2.0_S device allows omnidirectional
irradiation of the limb being treated inside the therapy
chamber. The unique arrangement of the irradiation
panels inside the chamber, along with its finish in a way
that maximizes light reflection, makes it one of the few
devices available on the market that effectively delivers
light radiation evenly over the entire surface of the limb
being treated (Table 8).
Radiation area: 1435 cm?

Radiation power: 2000 mW

Table 8. Red light dosage

| Dose [J/cm?] | Time [min]

Average 0.85 10
Median 0.84 10
Min 0.42 5

Max 1.67 20

Number of red light treatments performed: 35

Table 9. Occurring combinations of treatments

Combination of physical
therapeutic agents

In addition to medical contraindications to the use
of selected therapeutic agents, the duration of the
procedure is also an important limitation. For financial
reasons, standardization of the medical service, and
patient convenience, the duration of a single treat-
ment should not exceed one hour. Therefore, in some
cases, choices had to be made between therapies, to
maximize the duration of the most appropriate form
in a given case.

The general rule of thumb for combining therapeu-
tic agents is similar effects of agents. So, for example,
ozone can combine with UV light therapy, for maximum
biocidal effect. Magnet therapy and red light therapy
accelerate the process of angiogenesis and increase
blood flow, so both therapies will act complementarily
and work well in combination with oxygen therapy.

For reasons of time constraints, therapy should
be planned in such a way as to maximize the duration
of effect of the therapeutic agents prescribed to the
patient, by appropriately arranging the sequence of
successive therapies.

In all the cases described above, regardless of the
choice of individual therapies, they were performed in
the following order: ozone therapy, magnetotherapy,
oxygen therapy, and red light therapy (Table 9, Fig. 2).

Ozone + PEMF + | Ozone + Oxygen + | PEMF + Oxygen + | Ozone + | PEMF + Oxygen Ozone + PEMF +
Oxygen Red Light Red Light Oxygen Oxygen + Red Light
M 12 12 4 4 5 4
Total 21 19 8 7 7 7

COMBINATIONS OF TREATMENTS

B PEMF+Oxygen
m Ozone+Oxygen+Red Light

W Ozone+Oxygen

10%

Figure 2. Graph showing the incidence of combined treatments

W Ozone+PEMF
1 PEMF+0Oxygen+Red Light
m Ozone+PEMF+0xygen+Red Light

10%
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Number of patients in successive treatment cycles

1. cycle of therapy

2. cycle of therapy

3. cycle of therapy

Figure 3. Graph of the number of patients in successive treatment cycles

Results

Each treatment cycle lasted 10 consecutive days
(excluding Saturdays and Sundays), and each treatment
lasted about | hour (including time for patient prepa-
ration and device disinfection).

Analgesic effect

The pain-relieving effect for the 43 PEMF therapies
performed was recorded at 60% according to the VAS
scale assessment. Pain was reduced from the third
day of the treatments, including for patients in whom
pharmacological pain relief did not produce a marked
improvement.

Wound healing

Wound improvement, through granulation, after the
first 10-day treatment cycle was observed in 40.5% of
patients (14 k, 7 m). Of the initial group of 52 patients,
31| patients were qualified for repeat therapy. 4 people
dropped out of continuing treatment because they
saw no therapeutic progress. 6 people dropped out
of the next treatment cycle for other reasons (high
cost of therapy, long distance of the clinic from their
homes, and other socio-economic reasons). The third
treatment series was performed on 5 patients (Fig. 3).

Conclusions

The inclusion of the Laserobaria 2.0_S therapeutic
chamber, which allows the wound to be affected by
several physical therapy agents during treatment, in
combination with intensified nursing care, which is

meant daily cleaning and dressing of wounds, creates
favorable conditions for tissue regeneration.

A dramatic and rapid improvement in the patient’s
well-being is noticeable, and hard-to-heal wounds
often persisted for many months until therapy began
to begin to heal.

The high effectiveness of the therapeutic method of
combining standard treatment with innovative physical
methods allows for better patient care, by relieving pain
it allows for stronger compression therapy, effective
infection control reduces risk factors for revasculari-
zation procedures, which accelerates the necessary
therapeutic steps towards holistic patient treatment.

The authors recommend further multicenter, ran-
domized, blinded trials to develop the optimal dosage
to maximize the therapeutic effect and reduce the time
to complete wound closure.
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Abstract
Introduction: Diosmin and its aglycone diosmetin are phlebotropic drugs used in the treatment of chronic
venous insufficiency (CVI). Diosmin increases the elasticity and tension of blood vessel walls, exhibits an antie-
dematous effect, and acts as an anti-inflammatory agent. As it is commonly known that the endothelium layer
plays a significant role in the physiology and pathophysiology of the cardiovascular system, this paper investigates
the effect of diosmin and diosmetin on modulating the levels of pro-inflammatory factors in an endothelial cell
culture (HUVEC) stimulated by lipopolysaccharide (LPS) or phorbol (PMA).
Material and methods: A normal human umbilical veinjvascular endothelium cell line HUV-EC-C (HUVEC)
was stimulated with lipopolysaccharide (LPS) or phorbol |2-myristate- | 3-acetate (PMA). Cell viability was
assessed using NR and MTT assays. The levels of human IL- 1 B, IL-6, IL- 10, COX-2, and PGE2 were measured
using ELISA kits.
Results: Depending on the agent used to initiate inflammation, different levels of factors associated with this
state were obtained. Diosmetin significantly decreased the levels of pro-inflammatory IL-183 and IL-6 as well
as COX-2 in PMA-treated cells. Meanwhile, diosmin did not affect the interleukins but it lowered COX-2 and
increased PGE-2. Upon the LPS stimulation of HUVEC cells, diosmetin increased the levels of PGEZ2, IL-1§,
COX-2, and nitric oxide (NO), while diosmin increased NO and IL-6.
Conclusions: Diosmin and diosmetin have different impacts on the levels of pro-inflammatory factors depen-
ding on the inflammation inducer. Diosmetin more effectively modulated inflammation than diosmin, suggesting
that the attachment of the sugar moiety to the aglycone attenuates its activity.
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Introduction

Diosmin (5,7,3-trihydroxy-4’-methoxyflavone 7-ru-
tinoside) and its aglycone — diosmetin belong to
polyphenols with a confirmed wide range of biological
activities [ 1-3]; however the impact of these flavonoids,
especially diosmin, on the cardiovascular system has
the greatest significance in medicine. In vivo studies
evidenced that diosmin shows a strong protective
effect on blood vessels via an increase in the elasticity
and tension of blood vessel walls and a reduction of
venous pressure and venous stasis in the lower limb. It
is also shown to be active in facilitating lymph flow in the
lymphatic system and reduces the permeability of capil-
lary walls and thus has an anti-edematous effect [4, 5].
Moreover, it alleviates oxidative stress linked with
the inflammation process [6, 7]. For these reasons,
diosmin is widely used to support the treatment of
Chronic Venous Disease (CVD). CVD is a functional
and morphological abnormality of the venous system
and it is manifested by skin lesions, swollen legs, and
structural changes in the vein wall, such as varicose veins
and venous leg ulcers which considerably decrease the
quality of life [5, 8].

The role of the endothelium layer in the physiology
and pathophysiology of the cardiovascular system is still
a subject of interest [9, 10]. It is known that a properly
functioning endothelium layer in normal conditions
not only constitutes an anticoagulant layer, but also
maintains the local balance between pro- and anti-
-inflammatory factors. Dysfunctions of this layer, e.g.
inappropriate activation or over-activation, can lead
to local changes in the stability and functionality of this
barrier and, consequently, not only to disturbances in
homeostasis in the vessels themselves but also to mul-
tiple organ failure. Initiation of endothelial inflammation
is a known factor contributing to the development of
e.g. atherosclerosis [ 1 |] since endothelial cells function
both as target and effector cells during inflammation
[12]. Besides significant pathological changes in the
expression of adhesive molecules such as VCAM-1 or
ICAM-I, subendothelial retention of lipoproteins also
changes the recruitment of specific blood cells and
adhesion to endothelial cell membranes. Moreover,
microenvironmetal changes in the production of specific
pro-inflammatory cytokines like IL-10 or IL- 13 as well as
compounds or intermediary factors of the arachidonic
pathway (COX-2, PGE2, or NO) are also observed
[13]. These all factors released by endothelial cells after
induction with various stimuli can both be a process of
defense of the blood vessel epithelium or lead to its
clinically manifested dysfunction [12]. The regulating
and balance-keeping factors released by endothelial
cells have been quite well studied; however, factors

directly controlling systemic endothelial inflammation
are still in the discovery phase [14]. Analysis of the level
of inflammatory factors released by endothelial cells in
the presence of diosmin or diosmetin may therefore
help to indicate a target for potential control or modu-
lation of inflammation and the unfavorable phenomena
occurring in blood vessels. Therefore, the aim of the
present paper was to investigate the influence of po-
pular phlebotonics diosmin and diosmetin on the mo-
dulation/regulation of artificially induced inflammation
in 2 human endothelial cell culture model. Bacterial
lipopolysaccharide (LPS) or phorbol ester (PMA) were
used as a stimuli to induce inflammation.

Material and methods

Cell line

A normal human umbilical vein/vascular endothelium
cell line HUV-EC-C (HUVEC) (ATCC® CRL-1730™)
was used in this study. The cells were cultured as mo-
nolayers in 25 cm? culture flasks (NuncTM, Roskilde,
Denmark) coated with PureColTM ultrapure collagen
type | (INAMED Biomaterials, Fremont, CA, USA) at
a 3.1 mg/ml concentration (about 12 ug/cm?’). The cell
line was maintained in CS-C medium (Sigma) supple-
mented with 75 tug/ml of endothelial cell growth factor
(ECGF) (Sigma, St Louis, MO, USA) and antibiotics
(100 U/ml penicillin, 100 ug/ml streptomycin (Sigma) at
37°C in a humidified atmosphere with 5% CO,.

Experimental design

The cells were cultured in 24-well (for ELISA, nitric
oxide level, and staining) or 96-well (viability) plates
(NuncTM). The cells were seeded on the well bottom
atadensityof | X | 0° cells/ml. After 24 h of inoculation,
the medium was renewed, and the cells were stimula-
ted with lipopolysaccharide (LPS) from Escherichia coli
serotype 01| 1:B4 (Sigma) (10 ug/ml for 2 h) or phor-
bol |2-myristate-|3-acetate (PMA) (Sigma) (I ug/ml
for 30 min). The concentrations were selected based
on literature data and our previous experiments. After
cell stimulation, the medium was renewed, and diosmin
(5 uM) or diosmetin (5 uM) (for ELISA, staining, and NO
analysis) or the compounds in the range of 0-100 uM
(for toxicity tests) were added. Then, the culture was
conducted for a further 24h. After that time, culture
supernatants were collected and analyzed for the levels
of cytokines (IL- 183, IL-6), serine protease (uPA), and its
receptor (uPAR). In turn, MMP activity was determined
in the supernatants from the well bottom and inserts
for comparison.

Both diosmin and diosmetin stock solutions were
prepared by solubilization in a mixture of DMSO/culture
medium (I:1). The stock solution concentration was
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10 mM. At the highest working concentration of both
compounds used in the research (100 uM), the DMSO
concentration did not exceed 0.5%. In our previous
papers, we showed no toxicity and no interference of
this DMSO amount with the results.

Neutral Red (NR) uptake assay

The cells were grown in 96-well multiplates for 24 h
in 100 ul of CS-C culture medium with the supplements
and diosmin (5 M) or diosmetin (5 uM). Subsequently,
the medium was discarded and 0.4% NR (Sigma) so-
lution medium was added to each well. The plate was
incubated for 3 h at 37°C in a humidified 5% CO,/95%
air incubator. After incubation, the dye-containing me-
dium was removed, the cells fixed with 1% CaCl, in
4% paraformaldehyde, and the incorporated dye was
solubilized using 1% acetic acetate in a 50% ethanol
solution (100 ul). The plates were gently shaken for
20 min at room temperature, and the extracted dye
absorbance was measured spectrophotometrically at
540 nm using an E-max Microplate Reader (Molecular
Devices Corporation, Menlo Park, CA, USA).

MTT assay

Cell viability after incubation with diosmin or dios-
metin was determined in a standard spectrophotometric
3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. The cells grown in the 96-well
multiplates in 100 ul of culture medium were incubated
for 24h with the flavonoids. After that time, an MTT
solution (5 mg/ml, 25 ul/well) (Sigma) was added, and
further incubation was conducted for the next 3 h. The
yellow tetrazolium salt was metabolized by viable cells
to purple formazan crystals. The reaction was catalyzed
by mitochondrial succinyl dehydrogenase. The crystals
were solubilized overnight in a 10% sodium dodecyl
sulfate (SDS) in a 0.01M HCI mixture. The product
was quantified spectrophotometrically by absorbance
measurement at 570 nm wavelength using an E-max
Microplate Reader (Molecular Devices Corporation,
Menlo Park, CA, USA).

Nitric oxide (NO) measurement

Nitrate, i.e., a stable end product of NO, was
determined in the culture supernatants with a spec-
trophotometric method based on the Griess reaction.
Briefly, the cells were induced with LPS or PMA and
incubated for 24 h with diosmin or diosmetin. There-
after, 100 ul of the supernatant was plated in 96-well
flat-bottomed plates in triplicate and incubated with
100 ul of Griess reagent (1% sulphanilamide/0.1%
N-(1-naphthyl)ethylenediamine dihydrochloride) (Sig-
ma) in 3% H;PO, (POCH Gliwice, Poland) at room
temperature for 10 min. The optical density was mea-

sured at 550 nm using a microplate reader (Molecular
Devices Corp., Emax, Menlo Park, CA, USA). A stan-
dard curve was achieved using 0.5-25 uM sodium nitrite
(NaNQ,) for calibration.

May-Griinwald-Giemsa (MGG) staining

The MGG staining performed in this study facilitates
only visualization of morphological changes in cells indu-
ced by the culture conditions. The cells at a density of
| X 10° cells/ml were cultured in Petri dishes (35 mm).
After treatment with LPS or PMA, the medium was
changed, and the cells were incubated with diosmin
or diosmetin for 24 h. After incubation, the cells were
fixed with methanol for 5 min and stained with the
May-Griinwald dye diluted in an equal volume of water
for 2 minutes. Thereafter, the dye was removed and
the Giemsa stain, previously diluted (I vol. Giemsa:
19 vol. water), was added for 20 min. The dishes were
rinsed three times with distilled water and dried. The
observation was performed under a light microscope
(Olympus BX51, Tokyo, Japan).

ELISA assay

The levels of human IL- 13, IL-6, IL-10, COX-2, and
PGE?2 (Elabscience, Houston, TX, USA) were measured
immunoenzymatically (ELISA) using commercially avai-
lable kits according to the manufacturer’s instructions.
Briefly, 100 ul of samples were added to appropriate
plate wells. After incubation (2 h) and a series of
washing, enzyme-conjugated secondary antibodies
(100 ul) were added to the wells and incubated for
| h. After washing, detection was performed by adding
100 ul of the enzyme-substrate to the wells. After
30 min of incubation, the color reaction was stopped
by adding 2M H,SO, to each well. The optical density
of the end product was determined using a microplate
reader (Molecular Devices Corp., Emax) at 450 nm.
The concentrations of the cytokines in the analyzed
samples of supernatant were calculated on the basis of
a standard curve. The detection limit was 4.69 pg/ml
(IL-1B, IL-6 and IL-10), 0.19 ng/ml (COX-2), and
18.75 pg/ml (PGE2).

Statistical analysis

The results are presented as means * SD of three
independent experiments (n = 3). The data were
analyzed using a one-way analysis of variance ANOVA
followed by Dunnett’s multiple comparison post-hoc
test. Differences were considered significant at p < 0.05.

Results and Discussion

Diosmin has long been widely used for the treatment
of CVD because it relieves the symptoms, improves the

70 www.journals.viamedica.pl/acta_angiologica



Marcin Feldo et al., Effect of diosmin and diosmetin on the level of pro-inflammatory factors

quality of patient’s life, and is well tolerated [15]. It has
already been shown that this polyphenol may exhibit
anti-inflammatory properties by modulation of the local
level of soluble factors (cytokines, chemokines), thus
inducing the development of e.g. inflammation in tissue
[16-18]. In our research, we artificially induced inflam-
mation in umbilical vein endothelial cells (HUVEC) to
estimate changes in the level of basic inflammatory
factors after diosmin/diosmetin treatment.

The initial investigation involving the determination
of the direct biological activity of diosmin and diosmetin
on human umbilical vein cells (HUVEC) was based on
toxicological analyses. The effect of these factors on
cellular metabolism was checked with the MTT method
(Fig. 1) and the stability of cell membranes was checked
using the Neutral Red (NR) uptake assay (Fig. 2).

It was shown that diosmin at a concentration above
10 uM reduced the metabolic activity of the cells by 9%
in comparison to the untreated control, while diosmetin
had an opposite effect and, from the concentration of
10 uM, stimulated the metabolic activity in the cells
by 8.5%, compared to the untreated control. In turn,
both substances at a concentration exceeding 10 UM
disturbed the stability of cell membranes and reduced
the viability of the cells in the culture by more than
I 5% at the concentration of 100 4M, compared to the
untreated control.

The detailed microscopic observation of the morp-
hology of epithelial cells after MGG staining (Fig. 3)
showed that diosmetin at 5 uM induced no significant
morphological changes relative to the untreated cells
in the control conditions; however, treatment of the
control cells with diosmin caused slight cytoplasm
contraction and separation of the cells from each other.

Although some adverse effects of diosmin at 5 uM
were observed on cell morphology, we decided to
continue the investigation with this concentration.
Preliminary experiments showed the lower concen-
tration was not effective and the differences between
control and cells treated with diosmin/diosmetin were
hard to estimate.

To assess the anti-inflammatory activity of investiga-
ted compounds, inflammation in endothelial cells was
induced using LPS and PMA LPS is known to initiate
the inflammatory signaling pathway by activation of the
NF-kB factor. This takes place through phosphorylation
and subsequent degradation of IkB-a. Consequently,
the active form of NF-kB is released from this complex.
The active form of NF-kB regulates gene transcription
of nitric oxide synthase (NOS), COX-2, or selected
pro-inflammatory cytokines [19]. In turn, PMA is an
important factor activating protein kinase C (PKC).
PKC controls the function of other proteins by phosp-
horylation of the serine and threonine hydroxyl groups
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Figure |. Cell metabolic activity determined by means of the
MTT assay. The analysis was performed after 24h culture of
human umbilical vein endothelial cells (HUVEC) with diosmin
or diosmetin (0—100 uM)
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Figure 2. Neutral Red (NR) uptake assay performed after
24h culture of human umbilical vein endothelial cells (HUVEC)
with diosmin or diosmetin (0—100 uM)

found in these proteins. Their role is to modulate events
within the cell membrane, regulate transcription, or
mediate immune response processes. Their impact on
the induction of inflammation is therefore different.

The concentration of LPS and PMA, which demon-
strated no toxicity in the assumed experimental time
interval, was based on our previous studies. As can
be seen (Fig. 3) treatment of the cells with LPS did
not cause any morphological changes; however, for
PMA-treated cells adverse effects including cytoplasm
contraction, separation of the cells from each other and
vacuolization appeared in single cells were observed.

In the LPS or PMA pre-incubated cells treated with
diosmin, further contraction of the cytoplasm and cell
separation were visible. Moreover, in the case of the
pre-incubation with PMA, vacuolization was pronoun-
ced in individual cells. In turn, in the LPS or PMA pre-
-incubated cells treated with diosmetin sharpening of
cell shapes and the appearance of vacuoles in the cells
treated with PMA was found.
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Control

Diosmin Diosmetin

Control - - -

Figure 3. May-Griinwald-Giemsa (MGG) staining of human umbilical vein endothelial cells (HUVEC) incubated with diosmin or
diosmetin (5 M) for 24 h, prior to 2-h pre-treatment with E. coli LPS (10 ug/ml) or 30-min treatment with PMA (I ug/ml). Mag-

nification 200 X. Bar = 20 um

To assess the anti-inflammatory effect of diosmin
or diosmetin, the level of IL-13, IL-6, and IL-10 was
monitored in endothelial cell culture pre-treated with
LPS or with PMA (Fig. 4).

As can be observed, diosmin/diosmetin induced the
production of cytokines but this was not surprising be-
cause all exogenous factors disturb cell homeostasis. Mo-
reover, it should be also noted that the up-regulation of
IL-1B and IL-6 was accompanied by an increase of IL-10;
therefore, the balance between pro-inflammatory and
anti-inflammatory cytokines has been almost main-
tained. Such an increased level of cytokines does not
need to be considered as an adverse effect. Inflamma-
tion is necessary to initiate local adaptive immunity in
endothelial cells which may lead to the induction of an
epithelial-derived defense reaction that would bring our
experimental conditions closer to in vivo reality. It also
means that the epithelium was reactive and sensitive to
experimental conditions.

The stimulation of inflammation with LPS or
PMA resulted in a significant increase in the level of
IL-6 (approx. 10-fold and |2-fold, respectively) in com-
parison to the untreated control and simultaneously,
the level of IL-10 was only 3-3.5 — fold higher. No
positive effect of diosmin on the level of cytokines in
LPS/PMA-induced cells was found and even it slightly
increased the production of IL-6. In turn, diosmetin
lowered the level of IL-6 (approx. 2-fold) and slightly
lowered IL-10 in PMA-induced cells and therefore, the
balance between these factors was improved. Diosme-

tin did not affect the level of these interleukins in the
cells pre-incubated with LPS; however, it significantly
induced IL- 1.

The influence of diosmin on interleukins was also
reported by Ali et al., who showed that diosmin tre-
atment significantly reduced plasma concentrations of
IL-1B and IL-6 in diabetic rats [ 1 7]. A similar effect was
described by Carballo-Villalobos et al. [18].

In the further part of our study, the influence of dios-
min/diosmetin on cyclooxygenase 2 (COX-2) and the
other markers of inflammation including prostaglandin
E2 (PGE2) and NO in cells with induced inflammation
were investigated. Cyclooxygenases (COXs) are intra-
cellular enzymes that catalyze the conversion of ara-
chidonic acid to various forms of prostaglandins (PGs),
thromboxanes, and hydroxyeicosatetraenoic acids.
Various mitogens may induce inflammation mediated by
COX-2 and then changes in COX-2 activity are closely
related to PGE2 and NO levels. COX-2 is considered
to be linked with a lot of symptoms in CVD including
inflammation, pain, increased angiogenesis, and vascular
permeability [9, 10].

As can be seen in Figure 5, in the control conditions,
diosmin and diosmetin did not significantly change the
level of COX-2 produced by the HUVEC cells. On
the other hand, both compounds lowered the level
of COX-2 in PMA pre-treated cells in a significant
manner. In these conditions, diosmetin showed higher
inhibitory activity than diosmin. In LPS-stimulated cells,
no effect for diosmin was noted, meanwhile diosme-
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Figure 4. Effect of diosmin or diosmetin (5 uM) on inter-
leukin level (A- IL-1(3, B- IL-6, C-IL-10) in endothelial cells
(HUVEC) pre-incubated with lipopolysaccharide (LPS) or
phorbol 12-myristate- | 3-acetate (PMA). 1-3: Control, Value
after cell treatment with diosmin, Value after cell treatment
with diosmetin; 4-6: similarly to |-3 but the cells were pre-
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pre-incubated with PMA. The data are mean * SD (n = 3).
One-way analysis of variance ANOVA followed by Dunnett’s
multiple comparison post-hoc tests.; *p-value of < 0.05 vs. the
respective control was considered significant
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tin stimulated slightly the release of this enzyme. It
should be observed that the PMA, LPS, and diosmin
reduced the level of PGE2 in relation to control. In
contrast, diosmetin turned out to be a potent inducer
of PGE?2, both in cells with as well as without induced
inflammation. A moderate increase of PGE2 was also
observed in PMA-induced cells after diosmin treatment.
The decrease of NO was observed for all investigated
conditions compared to the control, with the exception
of LPS cells treated with diosmetin, where NO was on
the same level as in HUVEC cells. LPS lowered NO the
most effectively and surprisingly diosmin and diosmetin
increased NO levels in LPS-induced cells.
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Figure 5. Effect of diosmin or diosmetin (5 uM) on COX-2,
PGE2, and NO release by endothelial cells (HUVEC) pre-
-incubated with lipopolysaccharide (LPS) (10 ug/ml for 2 h) or
phorbol |2-myristate- | 3-acetate (PMA) (1 ug/ml for 30 min).
I-3: Control, Value after cell treatment with diosmin (5 uM),
Value after cell treatment with diosmetin (5 uM); 4-6: simi-
larly, to 1-3 but the cells were pre-incubated with LPS; 7-9:
similar to 1-3 but the cells were pre-incubated with PMA. The
data are mean * SD (n = 3). One-way analysis of variance
ANOVA followed by Dunnett’s multiple comparison post-
-hoc test.; *p-value of = 0.05 vs. the respective control was
considered significant

Our study confirmed the results reported by Ber-
koz et al., who found that diosmin decreased NO and
PGE2 production through inhibition of the expression
of phosphorylated-ERK, p38, and p-IkB-a [19].

To sum up, the influence of diosmin/diosmetin on
changes of investigated factors in cells with induced
inflammation varied depending on the inducer; ho-
wever, it seems that aglycone form more effectively
modulates the inflammation. It significantly decreased
the level of pro-inflammatory IL-1(3 and IL-6 as well
as COX-2 in PMA-treated cells. Meanwhile, diosmin
did not affect the interleukins but it lowered COX-2.
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Interestingly, we found that decreases in COX-2 were
accompanied by increases in PGE2 and it suggested the
production of PEG2 in such conditions maybe connec-
ted with COX-1 activity. It is in line with the literature
data. In vitro studies proved that diosmetin stimulated
PGE?2 via COX-| more effectively than via COX-2 [20].

Our investigation showed the activity of both te-
sted flavonoids varies depending on the presence or
absence of inflammation as well as the inflammatory
stimuli and it may depend not only on typical already
known pathways but also on other factors of signal
transducers differently expressed in different experi-
mental conditions. The study confirmed the conclusions
formulated by Lopez-Posadas et al., who stated, that the
activity of flavonoids strongly depends on experimental
conditions. Depending on the agent used to initiate
inflammation, different levels of factors associated with
this state were obtained [21].
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Abstract

Introduction: Stroke remains one of the main causes of morbidity and mortality worldwide. Carotid endar-
terectomy (CEA) reduces the incidence of ischemic stroke or death in patients with symptomatic carotid artery
stenosis more effectively than pharmacological therapy alone. SBDPs (spectrin breakdown products): SBDP | 20,
SBDP145, and SBDP150 are the product of proteolysis of all-spectrin (280 kDa) — an important structural
component of the neuronal cytoskeleton, particularly present in axons. Increased serum level of SBDPs was
previously observed in traumatic brain injury, subarachnoid hemorrhage (SAH), or brain ischemia.

Material and methods: The aim of our study was to investigate changes in serum levels of SBDP 20 and
SBDP [ 45 in patients undergoing uncomplicated CEA. The study included 22 patients with severe carotid artery
stenosis, quadlified for CEA. Blood samples were taken from the antecubital vein at three different intervals
(24 h before CEA, 12 and 48 h after surgery). SBDP’s serum levels were measured by a commercially available
enzyme-linked immunosorbent assay (ELISA).

Results: The study showed that serum SBDP120 levels were significantly decreased 48 h after CEA when
compared to the level before the surgery. SBDP 145 levels were significantly decreased | 2 h after the procedure
and then remained at a similar level 48 h after CEA.

Conclusions: In patients with high-grade carotid artery stenosis SBDP120 and SBDP 145 serum level
decreases dfter an uncomplicated CEA, therefore alterations from this curve may be a marker of neurological
complications dfter the procedure. Higher SBDP levels before the procedure may represent brain damage
caused by chronic ischemia.
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Introduction

Stroke remains one of the main causes of morbidity
and mortality worldwide, being an important concern
of global public health [1]. The definition of a stroke,
developed by the World Health Organization (WHO)
is a, rapidly developing clinical signs of focal disturbance
of cerebral function lasting more than 24 hours with
no apparent cause other than of vascular origin” [2].
Ischemic stroke is a more common type than he-
morrhagic stroke, and accounts for over 85% of
all strokes [3]. The etiology of ischemic stroke (IS)
includes atherothrombotic stroke, embolic stroke,
cerebral hypoperfusion, and venous thrombosis, with
atherothrombotic occlusion of the carotid artery being
a major contributor to IS or transient ischemic attack
(TIA) [4].

Carotid endarterectomy (CEA) is a surgical pro-
cedure, that reduces the incidence of IS or death in
patients with severe (= 70 to 99% of stenosis), symp-
tomatic (IS, TIA, or retinal TIA) carotid artery stenosis
more effective than the pharmacological therapy alone
[5-8]. However, this method is not completely free
of complications in the perioperative period, and this
may include: micro and macro embolism resulting in
brain ischemia or ischemia-reperfusion injury and bra-
in edema, caused by clamping and declamping of the
internal carotid artery (ICA) during the CEA [9-12].

all-spectrin (280 kDa) is an important structural
component of the neuronal cytoskeleton, particularly
present in axons. It plays a crucial role in neuronal in-
tegrity. Calpain and caspase-3 are proteolytic enzymes
(proteases), which are involved in oncotic necrosis
and apoptotic cell death. After injury, all-spectrin can
become a substrate for both enzymes, producing dif-
ferent SBDPs (spectrin breakdown products): SBDP
120, SBDP 145, and SBDP150, that have been studied
as biomarkers of axonal damage [I3-15]. Accor-
ding to previous experimental studies, SBDP 145 and
SBDP 150 are mainly produced by calpain proteases, and
SBDP120 is the product of caspase-3 [14]. SBDPs have
been previously found to correlate with the severity
of the brain damage after traumatic brain injury (TBI)
determined by the GCS score, computed tomography
(CT) infarct volume, and 6-month outcome, therefore
it may be a potential marker of the severity of brain
injury after TBI [16-20].

Spectrin breakdown products were also investigated
in patients with aneurysmal subarachnoid hemorrhage
(aSAH), relative to development of vasospasm. Serum
concentrations of SBDPs were increased before the cli-
nical detection of vasospasm and decreased to baseline
after successful treatment [21-24].

In rats, an experimental ischemia, caused by the
occlusion of the middle cerebral artery, lead to a strong
increase in a level of SBDP 120 and SBDP 145 six hours
after the occlusion in brain tissue and in cerebrospinal
fluid (SBDP145), but not in the serum [25].

The advantage of SBDPs as brain damage monitoring
biomarkers is the potential to investigate both calpain
and caspase-3 activity; SBDP120 is a sensitive marker
of caspase-3 activation connected to apoptotic cell
death, while SBDP 145 and SBDP |50 measure a calpain
activation associated with oncotic cell death and less
with the apoptotic cell death [13, 18].

Material and methods

The patients were admitted to the Department of
Vascular Surgery and Angiology of Medical University
in Lublin, Poland, and were scheduled to undergo CEA
due to internal carotid artery stenosis. The inclusion
criteria were: carotid artery stenosis > 50% in symp-
tomatic patients (symptoms of stroke/TIA < 6 months
before), or > 60% in asymptomatic patients with at
least | feature suggesting higher stroke risk on best
medical therapy (BMT). The exclusion criteria were:
inability to give informed consent, complete occlusion
of the internal carotid artery, intracranial artery lesion
more significant than the proximal carotid lesion, brain
damage in the course of other nervous system diseases,
prior ipsilateral CEA, history of disabling stroke (modi-
fied Rankin score = 3), active inflammation and expected
survival time < 5 years. The study involved 22 patients
aged from 57 to 82 with a mean age of 71.36 (standard
deviation = 6.51) years. The degree of internal carotid
artery stenosis ranged from 70 to 90%. A Neurological
examination was performed by a neurologist prior to
and after CEA. In this neurological examination, there
were no deviations from the normal state in all patients
included in the study. Conventional CEA was performed
under local anesthesia without the use of a shunt. CEA
was performed through a longitudinal arteriotomy,
running from the carotid bifurcation to the anterolateral
surface of the internal carotid artery (ICA). The carotid
artery was clamped, and the arteriotomy was closed
with primary sutures. No postsurgical complications
were observed. Demographic information and perti-
nent medical history of the patients are summarized
in Table |.

The degree of internal carotid artery stenosis was
determined based on a high-resolution USG Doppler
examination, performed with a Toshiba Aplio 500 de-
vice with a high-frequency (1 | MHz) linear probe. The
sonographer was a vascular medicine specialist who
was unaware of the subject’s clinical state.

www.journals.viamedica.pl/acta_angiologica 77



Acta Angiol, 2023, Vol. 29, No. 3

Table 1. Characteristics of patients

Patient ID | Sex Age Location | % Stroke/TIA | Symptoms Other diseases
| M 74 R 90 No Tinnitus, hypoacusis None
2 F 68 L 90 No Tinnitus, dizziness Diabetes, arterial hypertension, ischemic
heart disease
3 M 57 R 70 No None Ischemic heart disease
4 M 78 R 80 No Visual disturbances Diabetes, arterial hypertension
5 M 74 L 90 No Tinnitus, dizziness Diabetes, arterial hypertension, ischemic
heart disease
6 F 67 R 90 Stroke Dizziness Diabetes, arterial hypertension
7 M 67 L 90 Stroke Hemiparesis Diabetes, arterial hypertension
8 F 79 L 80 No None Arterial hypertension
9 M 78 R 90 Stroke Hemiparesis Avrterial hypertension
10 F 63 L 90 No Tremor Diabetes, arterial hypertension
I M 63 L 80 No None Avrterial hypertension, ischemic heart
disease
12 M 74 R 90 Stroke None Arterial hypertension
13 M 63 L 90 Stroke Hemiparesis Arterial hypertension
14 F 82 L 80 No Dizziness Avrterial hypertension
15 M 74 L 90 No None Diabetes, arterial hypertension, ischemic
heart disease
16 M 76 L 80 Stroke None Arterial hypertension
17 M 76 L 85 TIA None Diabetes, arterial hypertension, ischemic
heart disease
18 F 64 L 90 TIA None Diabetes, arterial hypertension
19 F 72 L 70 No None Avrterial hypertension
20 M 77 L 90 Stroke Hemiparesis Arterial hypertension
21 M 67 R 90 Stroke Hemiparesis Diabetes, arterial hypertension
22 M 77 L 80 No Dizziness, visual Arterial hypertension
disturbances

ID — identification, M — male, F — female, TIA — transient ischemic attack, L — left, R — right

Based on Doppler studies, patients were qualified
for the CEA procedure as determined by the guidelines
set forth by the European Society of Vascular Surge-
ry. Patients with severe carotid artery stenosis were
identified using criteria established by NASCET (North
American Symptomatic Carotid Endarterectomy Trial)
according to the following formula: % ICA stenosis =
(1-[narrowest ICA diameter/diameter normal distal
cervical ICA]) x 100 [8].

Serum samples were taken from the antecubital
vein of patients at three different times: within 24 ho-
urs preoperatively to CEA, |12 h postoperatively, and
48 hours postoperatively.

Serum for specific protein analysis was obtained
by centrifugation of whole blood at 3000 rpm (603 X
g) for 15 min in a laboratory centrifuge (MPW-350R;
MPW Medical Instruments, Warsaw, Poland) at a tem-
perature of 4°C and stored in —80°C prior analyses.

Plasma without signs of hemolysis was analyzed using
a quantitative sandwich enzyme-linked immunosorbent
assay (ELISA) technique. The protocols were adapted
from a commercially developed assay manufactured
by Bioassay Technology Laboratory (BT Lab, Zhejiang,
China). The concentrations of human alpha ll-spectrin
breakdown products: SBDP 120 (Cat. No: E3791Hu)
and SBDP145 (Cat. No: E4005Hu) were quantified
based on the optical density (OD) at 450 nm using the
BioTek ELx808™ Absorbance Microplate Reader (Bio-
Tek, Winooski, VT, USA). Samples for each participant
were diluted to fit the range of the standard curve and
run in duplicate on the same plate. Briefly, the plates
have been pre-coated with a human antibody, specific
for each analyzed protein. A specific biotinylated antibo-
dy was added to sample each well. Then, streptavidin-
-HRP was added to the sample and standard wells. After
incubation, the plates were washed with washing buffer
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Table 2. Serum levels of SBDP 120 and a comparative analysis
SBDP 120 level [ng/ml]

P

X [EET (== =CR =

Before

20

122.138

125.696

53.402

11.941

12 h after

22

114.720

116.150

51.367

10.951

48 h after

22

91.812

85.156

39.980

8.523

p = 0.0267

Difference

Significance

Before — 12h after

p = 03212

Before — 48h after

p = 0.0146*

12h after — 48h after

p = 0.0546

SE — standard error; SD — standard deviation, N — number of patients; *statistically significant

5x with an automatic plate washer. Substrate solutions
were added and once again the plates were incubated.
The reaction was terminated by the addition of a stop
solution. The concentration of protein levels in samples
was calculated based on the standard curves using the
average of the duplicate values.

The distribution of the collected data was evaluated
using the Shapiro-Wilk’s test, showing normal distribu-
tion for SBDP 120, and not normal for SBDP145. Furt-
hermore, data on the SBDP120 levels were analyzed
using one-way repeated measures ANOVA test with
post hoc t-test using Bonferroni correction. For the
SBDP 145 non-parametric methods: one-way repeated
measures ANOVA Friedman, and Wilcoxon tests were
used to determine differences between the variables.

Correlation analysis was performed using the Spe-
arman rank correlation.

The SBDP 120 and SBDP 45 values were expressed
in ng/ml, and. The values of p < 0.05 were considered
significant.

The study was approved by the Ethics Committee
of the Lublin Medical University (KE-0254/82/2021)
(29.04.2021).

Results

The repeated measures ANOVA test showed that
a sampling time significantly (p < 0.05) affected serum
SBDP120 levels; F (2, 38) = 3.99, p = 0.027. Serum
SBDP 120 concentrations in patients and a comparative
analysis are presented in Table 2.

The post-hoc paired t-test using a Bonferroni
corrected a = 0.0166 (0.05/3) indicated that the
SBDP120 level was statistically significantly decreased
48 h after CEA as compared with the levels measured
prior to surgery (p < 0.0166, Fig. |). However, the
difference in serum SBDP120 levels prior to surgery
12 h after CEA, and |2 h after CEA compared to 48 h

oM
(1] O meSD
4% hours Before I Me1.95°5D

Figure 1. SBDPI20 levels in patients before and 48 h
after the procedure, Bonferroni p = 0.0146* (M — mean;
SD — standard deviation); *statistically significant

after the procedure was not statistically significant
(p > 0.0166).

There was no difference in serum SBDP-120 con-
centrations in three measurements between males and
females (p > 0.05). The difference in serum SBDP-
120 concentrations between younger (<69 years) and
older (> 69 years) patients in the three measurements
was not significant (p > 0.05).

SBDP 145 serum concentration also decreased 12 h
after the CEA surgery compared to the preoperative
period, and then after 48 h did not significantly change
compared to the level 12 h after the procedure. Serum
SBDP 145 concentrations in patients and a comparative
analysis are presented in Table 3.

The repeated measures ANOVA test showed that
a sampling time significantly (p < 0.05) affected serum
SBDP145 levels; p = 0.00783.

The post-hoc paired Wilcoxon test indicated that
the SBDP 45 level was statistically significantly decre-
ased |2 h after CEA as compared with the levels mea-
sured prior to surgery (p < 0.0072, Fig. 2). However,
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Table 3. Serum levels of SBDP 145 and a comparative analysis.

SBDP 145 level [ng/ml] )

B [E= N == N (=R =
Before 21 9.110 7.370 4.009 0.875
12 h after 21 8.451 6.770 4.673 1.019 p = 0.0078
48 h after 22 8.444 7.665 3.882 0.828
Difference Significance
Before — 12h after p = 0.00719*
Before — 48h after p = 0.130546
12h after — 48h after p = 0.614272

SE — standard error; SD — standard deviation, N — number of patients; *statistically significant
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Figure 2. SBDP145 levels in patients before and 12 h after
the procedure, p = 0.0146* (Me — median); *statistically
significant

the difference in serum SBDP 145 levels prior to surgery
48 h after CEA (p = 0.130546), and 48 h after CEA
compared to |12 h after the procedure (p = 0.614272)
was not statistically significant.

Moreover, there was no difference in serum SBDP-
145 concentrations in three measurements between
males and females (p > 0.05). The difference in serum
SBDP-145 concentrations between younger (< 69 ye-
ars) and older (> 69 years) patients in three measure-
ments was not significant (p > 0.05).

Discussion

all-spectrin breakdown products are the mole-
cules, that were previously investigated as potential
biomarkers of brain damage in numerous neurological
pathologies such as traumatic brain injury (TBI), suba-
rachnoid hemorrhage and ischemic stroke (in rats), or
in Alzheimer’s disease. However, up to now, it has not
been studied in a perioperative period of carotid endar-
terectomy. Therefore, our study is the first to reveal,

that SBDP 20 and SBDP 145 serum levels decrease after
an uncomplicated CEA.

Preclinical studies, on the animal rat model, con-
ducted by Pike et al. (2004), and Ringger et al. (2002)
provided the first evidence, that SBDPs can be detec-
ted in CSF after ischemic-reperfusion brain injury and
traumatic brain injury, and therefore can be used as
biochemical markers in a rodent model of transient
focal stroke in rats [26, 27].

Farkas et al. (2005), investigated a group of 12 TBI
patients with raised intercranial pressure and found that
SBDP levels were elevated, compared to the controls,
concluding they can be useful in the clinical monitoring
of patients with TBI [28].

Early in 2006, Cardali et al. held a prospective,
case-controlled study, including 8 patients with severe
TBI in which SBDP levels were measured in a CSF at
6, 12,24, 48, 72, and 96 h following the injury. Authors
found, that in TBI patients SBDP levels were significantly
increased compared to control patients at all time po-
ints examined and that in patients with worse outcomes
SBDP’s levels remained elevated or failed to decline.
The study provided the first evidence, that SBDPs could
be a reliable marker of severe TBI in humans [29].

Later, Pineda et al. (2007), examined levels of SBDPs
in cerebrospinal fluid (CSF) from adults with severe TBI
and the relationship between these levels, severity of in-
jury, and clinical outcome in a group of 41 patients with
severe TBI, defined by a Glasgow Coma Scale (GCS)
score of < or = 8. SBDP level was measured at 6, |2,
24,48, 72, 96, and 120 h following TBI and analyzed for
SBDPs. The authors concluded, that SBDP levels in CSF
were significantly increased in TBI patients at several
time points after injury, compared to control subjects.
The time course of calpain-mediated SBDP 150 and
SBDP 145 differed from that of caspase-3-mediated
SBDP120 during the post-injury period examined. Mean
SBDP values measured early after injury correlated with
the severity of injury, computed tomography (CT) scan
findings, and outcome at 6 months post-injury [30].
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Brophy et al (2009), investigated a group of 38 pa-
tients with severe TBI, finding a positive correlation
between patients with longer elevations in intercranial
pressure, and the level of SBDP120, SBDP 145, and
SBDP150, and was the first attempt to describe CSF ex-
posure and kinetic characteristics of SBDPs after severe
TBI. Authors observed evidence of a greater production
of calpain-mediated biomarkers (SBDP 145, SBDP150),
than caspase—3-mediated biomarkers (SBDP120) in the
acute phase following severe TBI [18].

Mondello et al (2010) found that levels of
SBDP120 were significantly higher in older patients
than in younger patients, suggesting increased apop-
totic processes in elderly people. Moreover, the study
showed that CSF SBDP levels can predict injury seve-
rity and mortality after severe TBI, and can be useful
complements to clinical assessment [31].

After that, a couple of other studies confirmed the
diagnostic and prognostic utility of SBDPs in TBI [20,
32-34].

In 2023 a meta-analysis held by Liu et al, including
10 studies and 417 participants, confirmed, that SBDPs
can be useful biomarkers for the diagnosis and prognosis
of TBI [35].

SBDPs were also investigated, as a potential marker
of aneurysmal subarachnoid hemorrhage (aSAH), in
a group of 40 patients (20 with aSAH, and 20 controls),
by Papa et al. (2018). The study revealed that SBDPs
could serve as an indicator of aSAH, and are associated
with the severity of hemorrhage and early mortality [24].

Similar results were obtained by Lewis et al (2007),
who concluded that SBDP levels were significantly
increased in patients with aSAH, and increased signi-
ficantly over baseline level up to |12 hours before the
onset of cerebral arterial vasospasm. Moreover, diffe-
rential expression of SBDPs suggests oncotic necrotic
proteolysis may be predominant in acute brain injury
after aSAH and cerebral arterial vasospasm [36].

SBDPs have also been investigated as potential in-
dicators of brain damage caused by ischemia in the rat
model in some preclinical studies. Zhang et al. [2002],
found that the activity of calpains and caspases in the
adult rat brain following 10 min of transient forebrain
ischemia is increased. Western blots of cortical, stria-
tal, and hippocampal homogenates demonstrated an
alpha-spectrin cleavage pattern indicative of predomi-
nant calpain activity, with a peak between 24 and 48 h
after reperfusion [37]. Pike et al (2004), examined the
accumulation of SBDPs in CSF of rodents subjected to
2 hours of transient focal cerebral ischemia produced
by occlusion of the middle cerebral artery followed by
reperfusion. The study showed that levels of SBDPs
(especially SBDP120) were increased in CSF after injury,
while were undetectable in the control group [26]. Ren

et al (2013), investigated SBDP level in rats with ische-
mic and hemorrhagic strokes. all-spectrin breakdown
products (SBDP 150, SBDP145) were strongly increased
after 6h after induced ischemia while remaining on the
normal level in hemorrhagic stroke [25].

Spectrin breakdown products were not previously
investigated in the perioperative period of carotid
endarterectomy. However, there were some other
molecules, considered as the brain damage markers,
that were previously studied before and after this
procedure.

The molecules that have been best recognized
under these circumstances are neuron-specific enolase
(NSE) and S-100B protein.

Connolly ES Jr et al. (2001) investigated a group of
25 patients who underwent CEA, divided into: injured
(those who exhibited significant declines in neuropsy-
chometric test performance), and uninjured patients,
finding that injured patients presented significantly
higher SI00B levels, compared with uninjured patients,
at 24, 48, and 72 hours after surgery. There were no
significant differences in neuron-specific enolase levels
for injured and uninjured patients at any time point [38].

Brightwell et al. investigated NSE and S100B levels
in a group of 52 patients with carotid artery stenosis,
of whom 28 underwent CEA and 24 carotid artery
stenting (CAS). Baseline levels of NSE and S100B
were significantly higher compared to the normal
population. S-100p increased significantly at 24 hours
in patients with a post-operative neurological deficit
(p = 0.015) and in those with emboli detected by the
perioperative trans-cranial Doppler examination. Also,
a non-significant trend of transient rise of S- 100 levels
in the CAS group was observed, while levels in the
CEA group appear unchanged. NSE appeared to rise at
48 hours post-operatively in the CEA group and decline
in the CAS group, but these differences were also not
statistically significant [39].

Rasmussen et al. (2006) measured serum levels of
neuron-specific enolase (NSE) and S100B in a group
of 22 patients undergoing carotid endarterectomy,
pre- and postoperatively (12, 24, 36 and 48 h. after the
CEA). In the study group, NSE level was significantly
higher before carotid artery surgery and decreased
postoperatively, while SI00B level did not significantly
change. No correlation between the change in cognitive
function and the changes in blood levels of either NSE
or S-100PB protein was found [40]. These results were
similar to those obtained in our study, where serum
levels of SBDP120 and SBDP145 decreased after the
CEA.

The other study, held by Mussack et al on a group
of 46 patients with carotid artery stenosis, treated with
CEA or CAS, investigated serum levels of S-100B pro-
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tein in the perioperative period of CEA and CAS. The
authors found that CEA but not CAS caused a transient
increase in the S-100B serum levels, which later retur-
ned to baseline levels. In addition, prolonged elevation
of S-100B serum levels was associated with the deve-
lopment of postoperative neurological deficits [41].

NSE and S100-B were not the only markers, that
were studied in the perioperative period of CEA.

Terlecki et al. (2014) held a study on a group of
40 patients undergoing CEA or CAS, investigating
perioperative plasma levels of kynurenic acid (KYNA).
Baseline plasma KYNA concentrations before the
surgery were higher in patients with unstable carotid
plaque undergoing CEA than in patients with stable
carotid plaque undergoing CEA and patients undergoing
CAS. Moreover, KYNA concentration increased during
the postoperative period in all studied groups. Higher
plasma KYNA concentrations were observed in patients
with postoperative neurological disorders [42].

Later, lizecki et al. investigated a group of molecules
— potential biomarkers of brain damage — in the perio-
perative period of uncomplicated CEA, in the group of
25 patients. Serum Carnosine Dipeptidase | (CNDPI),
Ubiquitin C — Terminal Hydrolase L1 (UCHLI),
Microtubule-associated protein tau (MAPt) and myelin
basic protein (MBP) levels were significantly decreased
12 h after CEA when compared to the level before the
surgery, and then normalized 48 h after CEA [43, 44].
Three other molecules: glial fibrillary acidic protein
(GFAP), neurofilament light polypeptide (NEFL), and
brain lipid-binding protein (FABP7) levels did not stati-
stically significantly change in the perioperative period
of CEA [45, 46]. In contrast, the serum level of NSE
was statistically significantly increased 48 h after CEA as
compared with the levels measured |2 h after surgery
and before surgery (p < 0.05) [47].

In our study, the level of SBDP 120 and SBDP 145 sta-
tistically significantly decreased after uncomplicated
CEA, but the molecules showed different time curves,
with SBDP 120 level decreasing gradually with the
lowest level 48 hours after CEA, while SBDP 145 decre-
ased after |12 hours, and then stayed at the same level
48 hours after CEA. This difference may be explained
by the different pathophysiological pathways for both
of the molecules, where SBDP 145 is mainly produced
by calpain proteases, and SBDP120 is the product of
caspase-3.

The results obtained in our study are similar to some
of the previous research, in which the serum level of
brain damage markers (CNDP I, UCHLI, MAPt, MBP)
significantly decreased in uninjured patients, after the
uncomplicated CEA. The reason for that may be a nor-
malization of perfusion after an uncomplicated CEA.
Higher baseline levels of brain damage markers such

as SBDP120 and SBDP145 could be a result of chronic
brain ischemia caused by a high-grade internal carotid
artery stenosis which could be responsible for the
chronic damage of the brain. Therefore, it is reasonable,
that when the perfusion normalizes, SBDP’s levels fall
with time. Similar results obtained by Rasmussem and
Brightwell who investigated NSE levels before and after
uncomplicated CEA, and lizecki, who investigated levels
of CNDPI, UCHLI, MAPt, and MBP seem to support
this hypothesis. On the other hand, some other brain
damage markers levels, like S100B and KYNA appeared
to rise after CEA, which may be a result of their higher
sensitivity in detecting silent brain ischemia after the
CEA, caused by clamping and declamping of the artery,
microemboli, ischemia-reperfusion, etc.

The study was conducted on a group of 22 patients,
which can be considered as one of the limitations of
this research. The other could be a lack of a control
group of healthy subjects, or a group of patients with
neurological complications after the CEA, however,
the aim of the study was to show how SBDPs react in
patients undergoing uncomplicated CEA. The studies
including patients with neurological complications could
be a matter of study in the future.

Conclusions

Higher levels of SBDP and SBDP145 before the
CEA may represent brain damage caused by chronic
ischemia, which is reduced by successful, uncomplica-
ted CEA.

SBDP 120 and SBDP145 serum levels decrease af-
ter an uncomplicated CEA in patients with high-grade
carotid artery stenosis therefore alterations from this
curve may be a marker of neurological complications
after the procedure.

SBDPs may not be enough sensitive markers to
detect silent ischemia, caused by CEA (clamping and
declamping of the artery, microemboli, ischemia-
-reperfusion injury).

Up to now, our study is the first to investigate the
influence of the uncomplicated CEA on the level of
SBDPs, and it presents the data on a characteristic
time curve of this molecule in the perioperative period
of CEA.

Due to the limitations of our study, there is a need
for further investigations on a bigger group of patients,
including patients with neurological complications after
the CEA, and a control group of healthy subjects.

The knowledge of how different brain damage mar-
ker levels are affected by CEA, may in the future lead
to the development of a diagnostic panel, useful in de-
tecting neurological complications after the procedure.

82 www.journals.viamedica.pl/acta_angiologica



Jedrzej Tkaczyk et al., Serum level of all-spectrin breakdown products (SBDPs) as a potential marker

Conflict of interest

None.

References
Favate AS, Younger DS. Epidemiology of ischemic stroke. Neu-
rol Clin. 2016; 34(4): 967-980, doi: 10.1016/j.ncl.2016.06.013,
indexed in Pubmed: 27720004.
The World Health Organization MONICA Project (moni-
toring trends and determinants in cardiovascular disease):
a major international collaboration. WHO MONICA Pro-
ject Principal Investigators. ] Clin Epidemiol. 1988; 41(2):
105-114, doi: 10.1016/0895-4356(88)90084-4, indexed in
Pubmed: 3335877.
Deb P, Sharma S, Hassan KM. Pathophysiologic mechanisms
of acute ischemic stroke: An overview with emphasis on the-
rapeutic significance beyond thrombolysis. Pathophysiology.
2010; 17(3): 197-218, doi: 10.1016/j.pathophys.2009.12.001,
indexed in Pubmed: 20074922.
Yip HK, Sung PH, Wu C]J, et al. Carotid stenting and endar-
terectomy. Int | Cardiol. 2016; 214: 166—174, doi: 10.1016/].
ijcard.2016.03.172, indexed in Pubmed: 2706 1654.
Randomised trial of endarterectomy for recently symptomatic
carotid stenosis: final results of the MRC European Carotid Sur-
gery Trial (ECST). The Lancet. 1998; 351(9113): 1379-1387,
doi: 10.1016/s0140-6736(97)09292-1.
Mayberg MR. Carotid endarterectomy and prevention of cere-
bral ischemia in symptomatic carotid stenosis. Veterans Affairs
Cooperative Studies Program 309 Trialist Group. JAMA: The
Journal of the American Medical Association. 1991; 266(23):
3289-3294, doi: 10.1001/jama.266.23.3289.
Barnett HJ, Taylor DW, Eliasziw M, et al. Benefit of carotid
endarterectomy in patients with symptomatic moderate or
severe stenosis. North American Symptomatic Carotid Endar-
terectomy Trial Collaborators. N Engl | Med. 1998; 339(20):
14151425, doi: 10.1056/NEJM199811123392002, indexed in
Pubmed: 9811916.
Ferguson GG, Eliasziw M, Barr HW, et al. The North Ame-
rican Symptomatic Carotid Endarterectomy Trial: surgical
results in 1415 patients. Stroke. 1999; 30(9): 1751-1758,
doi: 10.1161/01.str.30.9.1751, indexed in Pubmed: 10471419.
Gupta N, Corriere MA, Dodson TF, et al. The incidence of
microemboli to the brain is less with endarterectomy than
with percutaneous revascularization with distal filters or flow
reversal. ] Vasc Surg. 2011; 53(2): 316-322, doi: 10.1016/j.
jvs.2010.08.063, indexed in Pubmed: 21129899.
Backhaus R, Boy S, Fuchs K, et al. Hyperperfusion syndrome
after MCA embolectomy - a rare complication? Am | Case Rep.
2013; 14: 513-517, doi: 10.12659/AJCR.889672, indexed in
Pubmed: 24340127.
Lieb M, Shah U, Hines G. Cerebral hyperperfusion syndro-
me after carotid intervention. cardiology in review. 2012;
20(2): 84-89, doi: 10.1097/crd.0b013e318237eef8, indexed in
Pubmed: 22183061.
Capoccia L, Sbarigia E, Rizzo A, et al. Contralateral occlu-
sion increases the risk of neurological complications associated
with carotid endarterectomy. Int | Vasc Med. 2015; 2015: 1-8,
doi: 10.1155/2015/942146, indexed in Pubmed: 25705519.

13.

20.

21.

22.

23.

24.

25.

Dash PK, Zhao |, Hergenroeder G, et al. Biomarkers for
the diagnosis, prognosis, and evaluation of treatment effi-
cacy for traumatic brain injury. Neurotherapeutics. 2010;
7(1): 100-114, doi: 10.1016/j.nurt.2009.10.019, indexed in
Pubmed: 20129502.

Zhang Z, Larner SF, Liu MC, et al. Multiple alphall-spectrin
breakdown products distinguish calpain and caspase dominated
necrotic and apoptotic cell death pathways. Apoptosis. 2009;
14(11): 1289-1298, doi: 10.1007/s10495-009-0405-z, indexed
in Pubmed: 19771521.

Glushakova QY, Glushakov AV, Miller ER, et al. Biomarkers for
acute diagnosis and management of stroke in neurointensive
care units. Brain Circ. 2016; 2(1): 28-47, doi: 10.4103/2394-
8108.178546, indexed in Pubmed: 30276272.

Pineda JA, Lewis SB, Valadka AB, et al. Clinical significance
of alphall-spectrin breakdown products in cerebrospinal flu-
id after severe traumatic brain injury. ] Neurotrauma. 2007;
24(2): 354-366, doi: 10.1089/neu.2006.003789, indexed in
Pubmed: 17375999.

Siman R, Toraskar N, Dang A, et al. A panel of neuron-enri-
ched proteins as markers for traumatic brain injury in hu-
mans. | Neurotrauma. 2009; 26(11): 1867—1877, doi: 10.1089/
neu.2009.0882, indexed in Pubmed: 1981 1094.

Brophy GM, Pineda JA, Papa L, et al. alphall-Spectrin break-
down product cerebrospinal fluid exposure metrics suggest
differences in cellular injury mechanisms after severe trau-
matic brain injury. ] Neurotrauma. 2009; 26(4): 471-479,
doi: 10.1089/neu.2008.0657, indexed in Pubmed: 19206997.
Czeiter E, Mondello S, Kovacs N, et al. Brain injury bio-
markers may improve the predictive power of the IMPACT
outcome calculator. | Neurotrauma. 2012; 29(9): 1770-1778,
doi: 10.1089/neu.2011.2127, indexed in Pubmed: 22435839.
Papa L, Robertson CS, Wang KKW, et al. Biomarkers improve
clinical outcome predictors of mortality following non-pene-
trating severe traumatic brain injury. Neurocrit Care. 2015;
22(1): 52-64, doi: 10.1007/s12028-014-0028-2, indexed in
Pubmed: 25052159.

Lad SP, Hegen H, Gupta G, et al. Proteomic biomarker disco-
very in cerebrospinal fluid for cerebral vasospasm following
subarachnoid hemorrhage. ] Stroke Cerebrovasc Dis. 2012;
21(1): 3041, doi: 10.1016/j.jstrokecerebrovasdis.2010.04.004,
indexed in Pubmed: 20851633.

Lewis SB, Velat GJ, Miralia L, et al. Alpha-Il spectrin break-
down products in aneurysmal subarachnoid hemorrhage:
a novel biomarker of proteolytic injury. | Neurosurg. 2007;
107(4): 792-796, doi: 10.3171/JNS-07/10/0792, indexed in
Pubmed: 17937225.

Siman R, Giovannone N, Toraskar N, et al. Evidence that
a panel of neurodegeneration biomarkers predicts vasospasm,
infarction, and outcome in aneurysmal subarachnoid hemorr-
hage. PLoS One. 2011; 6(12): 28938, doi: 10.1371/journal.
pone.0028938, indexed in Pubmed: 22174930.

Papa L, Rosenthal K, Silvestri F et al. Evaluation of alpha-II-
-spectrin breakdown products as potential biomarkers for early
recognition and severity of aneurysmal subarachnoid hemorr-
hage. Sci Rep. 2018; 8(1): 13308, doi: 10.1038/s41598-018-
31631-y, indexed in Pubmed: 30190542.

Ren C, Zoltewicz S, Guingab-Cagmat |, et al. Different ex-
pression of ubiquitin C-terminal hydrolase-L| and all-spectrin

www.journals.viamedica.pl/acta_angiologica 83



Acta Angiol, 2023, Vol. 29, No. 3

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

84

in ischemic and hemorrhagic stroke: Potential biomarkers in
diagnosis. Brain Res. 2013; 1540: 84-91, doi: 10.1016/j.brain-
res.2013.09.051, indexed in Pubmed: 241401 10.

Pike BR, Flint |, Dave JR, et al. Accumulation of calpain and
caspase-3 proteolytic fragments of brain-derived alphall-
-spectrin in cerebral spinal fluid after middle cerebral artery
occlusion in rats. | Cereb Blood Flow Metab. 2004; 24(l):
98-106, doi: 10.1097/01.WCB.0000098520.11962.37, indexed
in Pubmed: 14688621.

Ringger NC, O’Steen BE, Brabham |G, et al. A novel marker for
traumatic brain injury: CSF alphall-spectrin breakdown product
levels. ] Neurotrauma. 2004; 21(10): 14431456, doi: 10.1089/
neu.2004.21.1443, indexed in Pubmed: 15672634.

Farkas O, Polgar B, Szekeres-Barthé |, et al. Spectrin bre-
akdown products in the cerebrospinal fluid in severe head
injury--preliminary observations. Acta Neurochir (Wien). 2005;
147(8): 855-861, doi: 10.1007/s00701-005-0559-6, indexed in
Pubmed: 15924207.

Cardali S, Maugeri R. Detection of alphall-spectrin and bre-
akdown products in humans after severe traumatic brain
injury. ] Neurosurg Sci. 2006 Jun;50(2):25-31. , indexed in
Pubmed: 16841024.

Pineda JA, Lewis SB, Valadka AB, et al. Clinical significance
of alphall-spectrin breakdown products in cerebrospinal flu-
id after severe traumatic brain injury. ] Neurotrauma. 2007;
24(2): 354-366, doi: 10.1089/neu.2006.003789, indexed in
Pubmed: 17375999.

Mondello S, Robicsek SA, Gabrielli A, et al. all-spectrin bre-
akdown products (SBDPs): diagnosis and outcome in se-
vere traumatic brain injury patients. | Neurotrauma. 2010;
27(7): 1203-1213, doi: 10.1089/neu.2010.1278, indexed in
Pubmed: 20408766.

Chen S, Shi Q, Zheng S, et al. Role of a-ll-spectrin break-
down products in the prediction of the severity and clinical
outcome of acute traumatic brain injury. Exp Ther Med. 2016;
I'1(5): 2049-2053, doi: 10.3892/etm.2016.3153, indexed in
Pubmed: 27168849.

Frankel M, Fan L, Yeatts SD, et al. Association of very early
serum levels of SI00B, glial fibrillary acidic protein, ubiqui-
tin C-terminal hydrolase-L|, and spectrin breakdown pro-
duct with outcome in ProTECT Ill. | Neurotrauma. 2019;
36(20): 2863-2871, doi: 10.1089/neu.2018.5809, indexed in
Pubmed: 30794101.

Berger RP, Hayes RL, Richichi R, et al. Serum concentrations
of ubiquitin C-terminal hydrolase-L| and all-spectrin break-
down product 145 kDa correlate with outcome after pedia-
tric TBI. ] Neurotrauma. 2012; 29(1): 162-167, doi: 10.1089/
neu.2011.1989, indexed in Pubmed: 22022780.

Liu Y, Yao X, Lv X, et al. The role of spectrin breakdown
products in patients with traumatic brain injury: a syste-
matic review and meta-analysis. Neurol Sci. 2023; 44(4):
I171-1183, doi: 10.1007/s10072-022-06558-y, indexed in
Pubmed: 36547778.

Lewis SB, Velat GJ, Miralia L, et al. Alpha-Il spectrin break-
down products in aneurysmal subarachnoid hemorrhage:
a novel biomarker of proteolytic injury. ] Neurosurg. 2007;
107(4): 792-796, doi: 10.3171/JNS-07/10/0792, indexed in
Pubmed: 17937225.

37.

38.

40.

41.

42.

43.

44,

45.

46.

47.

Zhang C, Siman R, Xu YA, et al. Comparison of calpain and
caspase activities in the adult rat brain after transient forebrain
ischemia. Neurobiol Dis. 2002; 10(3): 289-205, doi: 10.1006/
nbdi.2002.0526, indexed in Pubmed: 12270691.

Connolly ES, Winfree CJ, Rampersad A, et al. Serum S100B
protein levels are correlated with subclinical neurocognitive
declines after carotid endarterectomy. Neurosurgery. 2001;
49(5): 1076-82; discussion 1082, doi: 10.1097/00006123-
2001 11000-00010, indexed in Pubmed: |1846900.

Brightwell RE, Sherwood RA, Athanasiou T, et al. The neu-
rological morbidity of carotid revascularisation: using mar-
kers of cellular brain injury to compare CEA and CAS. Eur
] Vasc Endovasc Surg. 2007; 34(5): 552-560, doi: 10.1016/j.
€jvs.2007.06.016, indexed in Pubmed: 17719806.

Rasmussen LS, Christiansen M, Johnsen ], et al. Subtle bra-
in damage cannot be detected by measuring neuron-specific
enolase and S-100beta protein after carotid endarterectomy.
J Cardiothorac Vasc Anesth. 2000; 14(2): 166—170, doi: 10.1016/
s1053-0770(00)90012-0, indexed in Pubmed: 10794336.
Mussack T, Hauser C, Klauss V, et al. Serum S-100B protein
levels during and after successful carotid artery stenting or
carotid endarterectomy. | Endovasc Ther. 2006; 13(1): 3946,
doi: 10.1583/05-1656.1, indexed in Pubmed: 16445322.
Terlecki B Pawlik P, lwaniuk A, et al. Carotid surgery affects
plasma kynurenic acid concentration: a pilot study. Med Sci Mo-
nit. 2014; 20: 303-310, doi: 10.12659/MSM.890212, indexed in
Pubmed: 2456 1546.

lizecki M, lizecka ], Przywara S, et al. Serum carnosine dipepti-
dase | and ubiquitin C - terminal hydrolase LI as markers of
brain damage in patients after carotid endarterectomy. Ulutas
Med J. 2016; 2(3): 132, doi: 10.5455/um;j.20160713014033.
lizecki M, Przywara S, lizecka ], et al. Serum microtubule as-
sociated protein tau and myelin basic protein as the potential
markers of brain ischaemia-reperfusion injury in patients under-
going carotid endarterectomy. Acta Angiologica. 2016; 22(2):
37-43, doi: 10.5603/2a.2016.0008.

ltzecki M, ltzecka |, Przywara S, et al. Effect of carotid en-
darterectomy on brain damage markers. Acta Neurol Scand.
2017; 135(3): 352-359, doi: 10.1111/ane.12607, indexed in
Pubmed: 27126899.

lizecki M, Przywara S, lizecka |, et al. Serum glial fibrillary
acidic protein as a marker of brain damage in patients after
carotid endarterectomy. Acta Angiologica. 2016; 22(1): 1-4,
doi: 10.5603/2a.2016.0001.

ltzecki M, lizecka ), Przywara S, et al. Serum neuron-specific
enolase as a marker of brain ischemia-reperfusion injury in
patients undergoing carotid endarterectomy. Acta Clin Croat.
2016; 55(4): 579-584, doi: 10.20471/acc.2016.55.04.07, inde-
xed in Pubmed: 291 17648.

www.journals.viamedica.pl/acta_angiologica



Acta Angiol

Vol. 29, No. 3, pp. 85-93
M DOI: 10.5603/a2.96853

VIA MEDICA
ORIGINAL ARTICLE

Copyright © 2023 Via Medica

ISSN 1234-950X
e-ISSN 1644-3276

Visinin-like protein (VLP-1) as a potential marker
of brain damage after carotid endarterectomy

— preliminary study

Jedrzej Tkaczyk' ©, Stanistaw Przywara’ ©, Bozena Kiczorowska® ©, Piotr Terlecki*

Agata Stanek® ©, Marek Itzecki®

'Doctoral School, Department of Vascular Surgery and Angiology, Medical University of Lublin, Lublin, Poland
’Department of Vascular Surgery and Angiology, Medical University of Lublin, Lublin, Poland
’Institute of Animal Nutrition and Bromatology, University of Life Sciences in Lublin, Lublin, Poland

“Chair and Department of Vascular Surgery and Angiology, Medical University of Lublin, Lublin, Poland

’

*Department and Clinic of Internal Medicine, Angiology and Physical Medicine, Faculty of Medical Sciences in Zabrze,

Medical University of Silesia, Zabrze, Poland

*Private Specialist Medical Practice Marek Itzecki, Lublin, Poland

Abstract

Introduction: Stroke is the second leading cause of disability and death worldwide. Carotid endarterectomy
(CEA) reduces the incidence of ischemic stroke or death in patients with sympatomatic carotid artery stenosis
more effectively than pharmacological therapy alone. Visinin-like protein | (VLP-1) is a potential marker of
brain injury. An increased serum level of VLP-1 was observed in neurodegenerative diseases, ischemic stroke,

and traumatic brain injury.

Material and methods: The objective of the study was to report the changes in serum level concentrations of
VLP-1 in patients undergoing CEA. The study group consisted of 22 patients with severe carotid artery stenosis,
qualified to CEA. Serum levels of VLP-1 were measured by an enzyme-linked immunosorbent assay (ELISA)

test at 24 h before CEA, 12 and 48 h after the surgery.

Results: Serum VLP-| levels were significantly reduced 48 h after CEA compared to the levels before and

|2 h dfter surgery.

Conclusions: VLP-| serum level decreases after an uncomplicated CEA in patients with high-grade carotid
artery stenosis. Alterations in this curve may be a marker of neurological events dfter the procedure. Higher

VLP-1 baseline levels before CEA may reflect brain damage caused by chronic ischemia.

Key words: carotid endarterectomy; carotid artery stenosis; stroke; visinin-like protein
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Introduction stroke (IS) is atherothrombotic occlusion of the carotid
artery, and the others include embolic stroke, cerebral

Stroke is the second leading cause of disability and hypoperfusion, and venous thrombosis [2].
death worldwide, especially in low-and middle-income Carotid endarterectomy (CEA) is a surgical proce-
countries [1]. The most common etiology of ischemic dure that reduces the incidence of IS or death in patients
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with severe (= 70 to 99% of stenosis), symptomatic (IS,
TIA, or retinal TIA) carotid artery stenosis more effecti-
ve than pharmacological therapy alone [3—6]. However,
this method is not completely free of complications in
the perioperative period, and this may include micro
and macro embolism resulting in brain ischemia or
ischemia-reperfusion injury and brain edema, caused by
clamping and declamping of the internal carotid artery
(ICA) during the CEA [7-10].

Visinin-like protein | (VLP-1) is a neuron-specific
molecule from the highly homologous family of neu-
ronal calcium sensor (NCS) proteins [I 1], which are
involved in several calcium-dependent signal trans-
duction processes in neurons [12]. VLP-1 is responsible
for multiple roles in normal neuron function, such as
regulation of neuronal ion channels, membrane traffic,
learning, neuronal growth, and survival, however, it
is also a neurotoxic factor under the condition of the
disruption of calcium homeostasis caused by stroke
[13, 14]. In this case, calcium overload, an increased
level of cytosolic Ca2+ concentration in neurons may
lead to the involvement of NCS proteins in numerous
necrotic and apoptotic pathways in the central nervous
system (CNS) [15].

In 2006, Laterza et al. found VLP-1 in the cerebro-
spinal fluid (CSF) of a rat model of stroke and in the
plasma from patients after stroke, suggesting it to be
a potential marker of brain injury [16]. Subsequently,
the potential to diagnose ischemic stroke using VLP-
| was confirmed in a pilot study conducted by Stejskal
et al. [17]. Recently, Li et al. found that an increase in
the level of VLP-1 in patients after stroke can serve
as an independent predictor of cognitive dysfunction
[18]. In 2020 Liu et al. concluded that serum levels of
VLP-1 were associated with poor clinical outcomes in
stroke patients [14].

Changes in the VLP-1 level can also be observed in
neurodegenerative diseases such as Alzheimer’s disease
(AD) [19]. A recent meta-analysis conducted by Hao in
2021, which contained 51 studies, confirmed that the
level of VLP-I increased in AD, compared to healthy
controls, which confirmed that it could be a valuable
marker for the diagnosis of AD [20]. The serum level of
VLP-1 also increased after an epileptic seizure, suggest-
ing that it may be a useful biomarker for seizure-induced
neuronal injury [21]. Down-regulation of VLP-I has
been reported in amyotrophic lateral sclerosis [ALS]
[22]. Later, Liebl et al. suggested, that VLP-1 is a redox
sensor that integrates Ca2+ homeostasis and the level
of oxidative stress within a cell, and that the presence
of VLP-1 dimers and aggregates correlates with the
progression of motor neuron disease [23].

VLP-1 was also investigated as a possible biomarker
of traumatic brain injury. Wu et al. found that VLP-1 may

be a suitable biomarker for the identification of sports-
-related concussion (SRC) [24]. Similar results were
obtained by Bradley-Whitman et al. [25], who found that
the serum level of ubiquitinated-VLP- | was significantly
elevated after the brain injury in a well-characterized
rat unilateral cortical contusion model. In contrast,
Shahim et al. did not observe a significant difference in
the plasma level of VLP-1 at | h after the concussion
compared to the pooled baseline preseason levels, in
a group of 288 professional ice hockey players [26].

In the light of the above findings, the aim of our study
was to investigate changes in serum level of VLP-1 in
patients undergoing CEA.

Material and methods

Patients

The study group consisted of patients with internal
carotid artery stenosis, scheduled to undergo CEA in
the Department of Vascular Surgery and Angiology of
Medical University in Lublin, Poland. The study invol-
ved 22 patients aged from 57 to 82 with a mean age of
71.36 (standard deviation = 6.51) years. The degree
of internal carotid artery stenosis ranged from 70 to
90%. The inclusion criteria were carotid artery stenosis
> 50% in symptomatic patients (symptoms of stroke/
TIA < 6 months before), or > 60% in asymptomatic
patients with at least | feature suggesting higher stro-
ke risk on BMT. The exclusion criteria were: inability
to give informed consent, complete occlusion of the
internal carotid artery, intracranial artery lesion more
significant than the proximal carotid lesion, brain dama-
ge in the course of other nervous system diseases, prior
ipsilateral CEA, history of disabling stroke (modified
Rankin score = 3), active inflammation and expected
survival time < 5 years. A Neurological examination
was performed by a neurologist prior to and after
CEA. In this neurological examination, there were no
deviations from normal state in all patients included in
the study. Conventional CEA was performed under local
anesthesia without the use of a shunt. CEA was perfor-
med through a longitudinal arteriotomy, running from
the carotid bifurcation to the anterolateral surface of
the internal carotid artery ICA. The carotid artery was
clamped, and the arteriotomy was closed with primary
sutures. No postsurgical complications were observed.
Demographic information and pertinent medical history
of the patients are summarized in Table |.

The estimation of internal carotid artery
stenosis degree

The degree of internal carotid artery stenosis was
determined based on a high-resolution USG Doppler
examination, performed with a Toshiba Aplio 500 de-
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Table I. Characteristics of patients

Patient ID | Sex | Age Location | % Stroke/TIA | Symptoms Other diseases

| M 74 R 90 No Tinnitus, hypoacusis None

2 F 68 L 90 No Tinnitus, dizziness Diabetes, arterial hypertension, ischemic
heart disease

3 M 57 R 70 No None Ischemic heart disease

4 M 78 R 80 No Visual disturbances Diabetes, arterial hypertension

5 M 74 L 90 No Tinnitus, dizziness Diabetes, arterial hypertension, ischemic
heart disease

6 F 67 R 90 Stroke Dizziness Diabetes, arterial hypertension

7 M 67 L 90 Stroke Hemiparesis Diabetes, arterial hypertension

8 F 79 L 80 No None Arterial hypertension

9 M 78 R 90 Stroke Hemiparesis Arterial hypertension

10 F 63 L 90 No Tremor Diabetes, arterial hypertension

I M 63 L 80 No None Arterial hypertension, ischemic heart
disease

12 M 74 R 90 Stroke None Arterial hypertension

13 M 63 L 90 Stroke Hemiparesis Arterial hypertension

14 F 82 L 80 No Dizziness Arterial hypertension

15 M 74 L 90 No None Diabetes, arterial hypertension, ischemic
heart disease

16 M 76 L 80 Stroke None Arterial hypertension

17 M 76 L 85 TIA None Diabetes, arterial hypertension, ischemic
heart disease

18 F 64 L 90 TIA None Diabetes, arterial hypertension

19 F 72 L 70 No None Arterial hypertension

20 M 77 L 90 Stroke Hemiparesis Avrterial hypertension

21 M 67 R 90 Stroke Hemiparesis Diabetes, arterial hypertension

22 M 77 L 80 No Dizziness, visual Avrterial hypertension

disturbances

ID — identification; M — male; F — female; TIA — transient ischemic attack; L — left; R — right

vice with a high-frequency (1 | MHz) linear probe. The
sonographer was a vascular medicine specialist who
was unaware of the subject’s clinical state.

Based on Doppler studies, patients were qualified
for the CEA procedure as determined by the guidelines
established by the European Society of Vascular Surgery
[27]. Patients with severe carotid artery stenosis were
identified using criteria established by NASCET (North
American Symptomatic Carotid Endarterectomy Trial)
according to the following formula: % ICA stenosis =
(1-[narrowest ICA diameter/diameter normal distal
cervical ICA]) x 100 [6].

Biochemical analysis of visinin-like protein |
Serum samples were taken from the antecubital vein
of the patients at three different times: within 24 hours

preoperatively to CEA, |12 hours postoperatively, and
48 hours postoperatively.

Serum for the analysis of specific proteins was ob-
tained by centrifugation of whole blood at 3000 rpm
(603 X g) for |5 minin a laboratory centrifuge at a tem-
perature of 4°C and stored at —80°C prior to analyses.
Plasma without signs of hemolysis was analyzed using
a quantitative sandwich enzyme-linked immunosorbent
assay (ELISA) technique. The protocols were adapted
from a commercially developed assay manufactured
by Bioassay Technology Laboratory (BT Lab, Zhejiang,
China). The concentrations of visinin-like protein |
(VLP-1); Cat. No: E4118Hu were quantified based on
the optical density (OD) at 450 nm using the BioTek
ELx808™ Absorbance Microplate Reader (BioTek,
Winooski, VT, USA). The samples for each participant
were diluted to fit the range of the standard curve and
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Table 2. Serum levels of visinin-like protein | (VLP-1) and a comparative analysis

Median

Before — 12h after

Before 22 0.065 0.060 ‘ 0.022 0.00477 p = 0.00041*
12 h after 22 0.054 0.053 0.024 0.00514
48 h after 22 0.0417 0.042 0.018 0.00392

Difference Significance

Before — 48h after

12h after — 48h after

*statistically significant; SE — standard error; SD — standard deviation; N — number of patients

run in duplicate on the same plate. Briefly, the plates
were precoated with a human antibody, specific for
each analyzed protein. A specific biotinylated antibody
was also added to each sample. Then, streptavidin-HRP
was added to the sample and standard wells. After in-
cubation, plates were washed with 5x washing buffer
with an automatic plate washer. Substrate solutions
were added and once again the plates were incubated.
The reaction was terminated by the addition of a stop
solution. The concentration of protein levels in samples
was calculated based on the standard curves using the
average of the duplicate values.

Statistical analysis

The distribution of the collected data was evaluated
using the Shapiro-Wilk test showing normal distribution
for VLP-|. Furthermore, the data on the VLP-I| levels
were analyzed using the one-way repeated measures
ANOVA test with post hoc student’s t-test using Bon-
ferroni correction. Correlation analysis was performed
using the Spearman rank correlation. The VLP-I values
were expressed in ug/l. The values of p < 0.05 were
considered significant.

Results

The repeated measures ANOVA test showed that
a sampling time significantly affected (p < 0.05) serum
VLP-1 levels; F(2, 42) = 12.96, p = 0.00041. Serum
VLP-1 concentrations in patients and a comparative
analysis are presented in Table 2.

The post-hoc paired student’s t-test using a Bonfer-
roni corrected oo = 0.0166 (0.05/3) indicated that the
VLP-1 level was statistically significantly decreased 48 h
after CEA as compared to the levels measured prior
to surgery (Fig. I), and 12 h after the surgery (Fig. 2)
(p < 0.0166). However, the difference in serum

p = 0.0325I
p = 0.00009*
p = 0.00639*

0,00

0.08

0.07

» = 8]

0.05

o ol =

0.03

0.0z - El ::LSE

48 hours Betore T MeSD

Figure 1. Serum visinin-like protein | (VLP-1) levels in pa-
tients before and 48 hours after the procedure, Bonferroni
p = 0.00009** (M — mean; SE — standard error; SD — stan-
dard deviation); *statistically significant

VLP-Ilevels prior to surgery and 12 h after CEA (Fig. 3)
was not statistically significant (p > 0.0166).

There were no differences in serum VLP-1 concen-
trations in three measurements between males and
females (p > 0.05). The difference in serum VLP-1 con-
centrations between younger (< 69 years) and older
(> 69 years) patients in the three measurements was
also not significant (p > 0.05). There was no correlation
between serum creatinine level and the level of VLP-1 in
all three measurements (p > 0.05).

Discussion

Our study revealed that the serum VLP-1 level
decreased statistically significantly 48h after CEA com-
pared to the levels measured before surgery and |12h
after surgery.
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Figure 2. Serum visinin-like protein | (VLP-1) levels in pa-
tients 48 and 12 hours after the procedure, Bonferroni p =
0.00639** (M — mean; SE — standard error; SD — standard
deviation); *statistically significant
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Figure 3. Serum visinin-like protein | (VLP-1) levels in pa-
tients before and 12 hours after the procedure, Bonferroni
p = 0.03251. (M — mean; SE — standard error; SD — stan-
dard deviation)

To the best of our knowledge, this study is the first
to evaluate the influence of the uncomplicated CEA on
the level of VLP-1, and it presents data on a characte-
ristic time curve of this molecule in the perioperative
period of CEA.

At the beginning of 2006, Laterza et al. identi-
fied VLP-1 in cerebrospinal fluid from a rat model of
a retrospectively collected stroke, and in plasma from
I8 patients after stroke [16].

In 201 | Stejskal et al. developed the ELISA sandwich
method for the determination of VLP-1. The study was
held on a group of 33 patients: |7 healthy subjects and
16 suffering from ischemic stroke. The authors pre-
sented a statistically significant (p < 0.01) difference
in the level of VLP-I in both serum and cerebrospinal
fluid (CSF), between these two groups, assuming that

VLP-1 may be an independent marker of brain inju-
ry. The authors did not find significant differences in
VLP-1 concentration between men and women in either
serum or CSF in the group of healthy subjects, nor in the
group of patients with ischemic stroke. The limitations
of the study included a small number of patients and
the selection of the control group, which did not allow
one to estimate the precision for differentiating stroke
from other neurological diseases [17].

A larger group of |10 patients with a stroke, was
investigated by Li et al. in 2018. The authors found that
in the stroke group, the level of VLP-1 was significantly
(p < 0.001) higher than that in the control group, and
in the patients with cognitive dysfunction, the level of
VILIP-1 was higher than that in the normal cognition
group. Authors therefore concluded that this molecule
can serve as a predictor for cognitive dysfunction after
stroke [18].

In 2020 Liu et al. investigated a group of 80 stroke
patients and found that infarct volume and serum VLP-|
concentrations were highly and significantly correlated,
and VLP-1 levels showed a strong association with poor
stroke outcome [14].

In contrast, the study conducted by Park et al. in
2013 inagroup of 175 patients found that the peripheral
blood level of VLP-I did not increase after stroke and
was therefore not associated with stroke outcome, pro-
bably due to sampling of blood markers within 24 hours
after stroke onset, when the release of proteins from
the damaged brain to peripheral blood has not reached
the peak yet [28].

Up to now, VLP-1 has not been investigated in
the perioperative period of carotid endarterectomy;
however, some other molecules, considered markers
of brain damage, were previously studied before and
after this procedure.

In 2001 Connolly ES Jr et al. conducted a study on
a group of 25 patients who underwent CEA, measuring
serum levels of SI00B protein and neuron-specific
enolase before (24h and pre-clamping), and after (24,
48, and 72 hours) the procedure. The study group was
divided to: injured (those who exhibited significant
declines in neuropsychometric test performance), and
uninjured patients. As a result, injured patients presen-
ted significantly higher SIO0B levels, compared with
uninjured patients, at 24, 48, and 72 hours after surgery
(P < 0.05). However, S100B levels were elevated not
only during the postoperative period but also during the
preclamp period. Although the mechanism of cerebral
injury among CEA patients demonstrating a decrease
in neuropsychometric test performance is unknown,
hypoperfusion or microemboli could be responsible.
There were no significant differences in neuron-specific
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enolase levels for injured and uninjured patients at any
time point [29].

Our study showed that VLP-1 levels decreased
after CEA. Rasmussen et al. presented similar results.
The authors measured serum levels of neuron -specific
enolase (NSE) and SI100B, a different marker of brain
damage, in a group of 22 patients undergoing carotid
endarterectomy, preoperatively and postoperatively
(12, 24, 36 and 48 h after CEA). The results showed
that NSE level was significantly higher before carotid
artery surgery and decreased postoperatively, while
SI100B level did not significantly change. The authors
found no correlation between the change in cognitive
function and the changes in blood levels of NSE or
S100B protein [30].

The same molecules were investigated by Brightwell
etal. [31], on agroup of. 52 patients with carotid artery
stenosis, of whom 28 underwent CEA and 24 carotid
artery stenting (CAS). Both NSE and S100B were signi-
ficantly higher at the baseline compared to the normal
population. After the intervention, there was a non-
-significant trend of a transient rise of SI00B levels in
the CAS group, while the levels in the CEA group appe-
ared unchanged. NSE appeared to increase at 48 hours
postoperatively in the CEA group and decline in the
CAS group, however, differences were not statistically
significant. S100B alone increased significantly at 24 ho-
urs in those patients with postoperative neurological
deficit (p = 0.015), and in those with emboli detected
by the perioperative transcranial Doppler examination.

Mussack et al. conducted a study on a group of
46 patients with carotid artery stenosis, treated with
CEA or CAS, and found that CEA but not CAS was
associated with a transient increase in serum levels of
S-100B, which later returned to baseline levels. The
prolonged elevation of serum S-100B levels correspon-
ded to the development of postoperative neurological
deficits [32].

Earlier, a study group from our Department inve-
stigated a number of different molecules, that were
potential brain damage markers, in the perioperative
period of CEA.

In 2014 Terlecki et al. investigated the plasma level
of kynurenic acid (KYNA) in a group of 40 patients,
who underwent CEA or carotid artery stenting (CAS).
Patients who underwent CEA were divided into groups
with stable and unstable carotid artery plaque. KYNA
level was measured before surgery and |, 6, 24, and
48 hours after surgery. The authors found that the ba-
seline value of plasma KYNA concentrations determined
before surgery were higher in patients with unstable
carotid plaque undergoing CEA than in patients with
stable carotid plaque undergoing CEA and patients
undergoing CAS. Independent of the baseline KYNA

level, its concentration increased during the posto-
perative period in all studied groups. Higher plasma
KYNA concentrations were noted in patients with
postoperative neurological disorders. KYNA value was
associated with the degree of inflammation measured
by NLR (neutrophil-lymphocyte ratio) [33].

Later, in 2016 lizecki et al. investigated serum levels
of several molecules in the perioperative period of
patients undergoing uncomplicated CEA. Serum levels
of carnosine dipeptidase | (CNDPI) and terminal hy-
drolase LI (UCHLI) Ubiquitin C decreased significantly
12 h after CEA compared to the level before surgery
and then normalized 48 h after CEA [34]. Microtubule-
-associated protein tau (MAPt) and myelin basic protein
(MBP) presented a similar time curve, and significantly
decreased 12 hours after CEA compared to the level
before the surgery (p < 0.05), but then normalized
48 hours after CEA [35]. Three other molecules: glial
fibrillary acidic protein (GFAP), neurofilament light
polypeptide (NEFL), and brain lipid-binding protein
(FABP7) levels were not statistically different between
all the three measurements (p > 0.05) [36, 37].

In the other study, published by llzecki et al.in 2016,
authors showed in the group of 25 patients undergoing
uncomplicated CEA, that the serum level of NSE was
statistically significantly increased 48 h after CEA as
compared with the levels measured |2 h after surgery
and prior to surgery (p < 0.05) [38].

Therefore, the results obtained in our study ap-
pear to be similar to some of the previous research,
in which the serum level of brain damage markers
(CNDPI, UCHLI, MAPt, MBP) significantly decreased
in uninjured patients, after the uncomplicated CEA.
The reason for that could be chronic brain ischemia
caused by a high-grade internal carotid artery stenosis
which could be responsible for the chronic damage of
the brain, and therefore higher baseline level of brain
damage markers such as VLP-I. Then, after the CEA,
when the perfusion normalizes, the VLP-1 level drops
with time. Similar results obtained by Rasmussem and
Brightwell, who investigated NSE levels before and
after uncomplicated CEA, and llzecki, who investigated
levels of CNDPI, UCHLI, MAPt, and MBP seem to
support this hypothesis. However, other levels of some
other brain damage markers, such as SI00B and KYNA
appeared to increase after CEA.

The reason why different molecules established
as brain damage markers act differently after CEA
surgery remains unknown. It is possible, that some of
them show higher sensitivity in detecting damage to
the brain, and only these could detect small injuries of
the brain such as silent ischemia after the CEA, caused
by clamping and declamping the artery, microemboli,
ischemia-reperfusion etc.
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Higher VLP-I levels before the procedure may
represent brain damage caused by chronic ischemia,
which is reduced by successful, uncomplicated CEA.
Chronic cerebral hypoperfusion (CCH) has previously
been investigated to activate a molecular and cellular
injury cascade that leads to the breakdown of the
blood-brain barrier (BBB) and neurodegeneration [39].
Therefore, brain damage markers, such as VLP |, may
be elevated, and found in the peripheral blood, due to
a BBB impairment.

Up to now, there is no data on the possibility of
release of the VLP-1, e.g. directly from the atheroscle-
rotic plaque. However, there is some evidence of the
presence of VLP-I in extra-neuronal tissues. Buttgereit
et al. [40] described VLP-| expression in the human
heart, rat cardiomyocytes, and H9c2 cells, and demon-
strated that VLP-| regulates the cell surface localization
of natriuretic peptide receptor B. Dai et al. have shown
that VLP-1 is expressed in pancreatic beta-cells and
modulates insulin secretion [41]. Guerrico et al. showed
that VLP-1 decreased cell adhesion and invasiveness of
highly invasive squamous carcinoma cells in mice [42].
In addition, Akagi et al. demonstrated a prognostic role
for VLP-1 at the mRNA level, suggesting its possible
usefulness as a predictor of lymph node metastasis and
a poor prognosis in colorectal cancer [43].

The authors are aware that one of the limitations of
our study is the small study group (22 patients), without
a control group of healthy subjects or patients with neu-
rological complications after the CEA. However, the aim
of the study was to investigate how the VLP-I level acts
in patients who underwent successful, uncomplicated
CEA, and therefore it can be treated as a pilot study,
while there is still a need for the next, more complex
research taking into account these issues in the future.

The other limitation is only one surgical technique
of CEA (primary suture), without the use of a shunt in
all of the patients. However, in a group of 22 patients
differentiating the surgical technique and dividing the
study group into smaller subgroups could make the
statistical analysis unreliable.

Conclusions

On the basis of the obtained results, it may be con-
cluded that alternations in the curve of the serum level
of VLP-1 may be a marker of neurological complications
after the CEA procedures, however, further investiga-
tions are needed. Additionally, higher VLP-I baseline
levels before CEA may reflect brain damage caused by
chronic ischemia.
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An unusual case of a true aneurysm of the dorsalis
pedis artery in a young man — an eight years

observation
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Abstract

We present a case of a 2| -year-old man, physically active, a few months after a torsion injury of the left ankle
periodically began to have persistent problems similar in nature to Raynaud’s phenomenon in the left foot,
especially after exposure to cold and prolonged immobilization of the ankle, in ski shoes, for example. Initial
Duplex Doppler ultrasonography revealed an abnormal lateral course of the distal segment of the left anterior
tibial artery and the initial section of the dorsalis pedis artery and a small true aneurysm of the dorsalis pedis
artery in the talus area. The changes were confirmed by a Computed Tomography Angiography test. At the
same time, the immune and inflammatory origin of reported symptoms was excluded. After conservative
treatment (rest, avoidance of cold temperatures, aspirin at a dose of 75 mg/day), relief of the symptoms was
achieved during six-month medical supervision. During further observation, patient started again his physical
activity (soccer, skiing). After 8 years of onset, he remains asymptomatic. He is observed as an out-patient.

Key words: true aneurysm; dorsalis pedis artery
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Introduction

Aneurysms below the popliteal artery is a very rare
phenomenon, especially in the dorsalis pedis artery.
The majority of aneurysms are of known origin, mainly
traumatic or iatrogenic. However, true aneurysms of
the dorsalis pedis artery occur very rarely. According
to the review of the literature, only 20 cases of varied
and often unclear etiology have been identified so far
[I], two of them are related to bilateral synchronous
changes [I, 2]. Due to limited occurrences of these
anomalies, there is little clinical data on the natural
history and symptomatology. Consequently, precise
therapeutic procedures have not been established

clearly and must be considered individually, depending
on the case.

Case report

A 2|-year-old man, actively involved in sport (soc-
cer, skiing), was sent to our hospital due to the occur-
rence of troublesome symptoms for several months
similar in nature to the symptoms of Raynaud’s pheno-
menon: sudden tingling, numbness, pain and blanching
of the great toe and pain on the plantar side of the
left foot (Fig. 1). The symptoms appeared for the first
time while skiing in minus temperatures and have re-
appeared periodically since, especially after prolonged
immobilization of the foot or exposure to cold, and the
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Figure |. Paleness of the third and fourth toes of the right foot

symptom suppression period varied and sometimes
even lasted a few days.

In an interview, the patient reported that a tor-
sion injury of the left ankle occurred about one year
before — treated conservatively. Moreover, medical
history revealed removal of the left palatine tonsil,
hypo-sensitization therapy for grass pollen allergy and
Gilbert’s syndrome detected five years before. There
was no data on the anamnesis leading to other poten-
tial vascular pathologies in this patient or in his family
members. The patient did not report any complaints
from other areas of the body, including the other limbs.

Physical examination of the left foot revealed un-
changed skin with proper warmth comparable with
that of the opposite side and full mobility of the ankle
joint. The pulse was present in all the places on the
lower extremities where it is typically found, including
dorsal arteries of the foot, which was confirmed by ABI
measurement at rest using the blind Doppler method.
Inconclusive results were obtained in a nail fold ca-
pillaroscopy test of the big toes, but the morphology
of capillaries pointed more to the secondary nature
of Raynaud’s symptoms. The basic laboratory tests
showed no significant deviations, except for a slightly
elevated level of bilirubin with a predominance of the
intermediate fraction, observed in Gilbert’s syndrome.
Proper marking of inflammation indicators and tests
for the presence of various common autoantibodies,
including crioglobulin, excluded the inflammatory and
immune background of reported disorders.

The Duplex Doppler ultrasonography revealed
a correct picture of the aorta, iliac arteries, femoral
and lower leg arteries, and those of the right foot.
On the left leg, however, attention was drawn to the
distal segment to an unusual course of the anterior
tibial artery and the initial section of the dorsalis pedis
artery; this course was more lateral and twisting around
the lateral malleolus, and the dorsalis pedis artery had

Figure 2. Angio CT — atypical localization of tibial anterior
artery and dorsalis pedis artery aneurysm

ashort, aneurysm extension in the talus area. In order to
further refine the assessment, a contrast Computed To-
mography Angiography test was done, which confirmed
the atypical course of the above-mentioned arteries
and allowed for a better view of a small (20 mm long x
6 mm wide) fusiform aneurysm of the left dorsalis pedis
artery with an associated thrombus, slightly narrowing
the lumen (Fig. 2).

On the basis of test results and the whole clinical pic-
ture, it was decided to continue conservative treatment
and behavioral observation. As part of the treatment,
Aspirin at a dose of 75 mg/day as well as avoiding inju-
ries, low temperatures, and any overloading of the left
lower limb was recommended. The patient reported
for a check-up after about six months, reporting im-
provements in the form of only occasional occurrence
of symptoms of very low intensity and rapid recovery
from them. The dimensions of the aneurysm did not
increase, based on the ultrasonography control test.
After 8 years of onset, he remains asymptomatic. The
patient started again his physical activity as before. He
is further monitored as an out-patient. Periodical duplex
doppler ultrasound assessment revealed patency of the
vessel with stabile aneurysm diameter (Fig. 3).

Discussion

The dorsal artery of the foot is a very rare location
for the occurrence of aneurysms. The most common
of these are false aneurysms, arising mainly as a result
of a non-penetrative blunt trauma, such as twisting the
ankle or bruising the area, but also as a result of a pene-
trating trauma caused by a sharp object or fractures [3].
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Figure 3. USG doppler as a control examination after 8 years

latrogenic causes should also be mentioned, such as
cannulation of the dorsal digital veins of the foot [4],
surgical removal of a gelatinous cyst on the tendon [5],
or other orthopedic procedures, especially in the field
of ankle arthroscopy[6-8]. All of these situations may
result in breaking the continuity of the vessel wall, the
escape of blood into the surrounding tissues around the
fibrous capsule, and the formation of a false aneurysm.

True aneurysms of the dorsalis pedis artery are even
less common. In some reported cases, particularly in
patients with such risk factors as diabetes [5, 9-11] and
hypertension [3, 5, 9, 12—14], the possible cause of the
aneurysm can be seen in the underlying degeneration
of the wall caused by atherosclerosis, which has been
repeatedly confirmed by histopathology [I, 9, 13].
Another possible etiology is an inflammatory (mycotic)
aneurysm, which could arise as a result of several situ-
ations, 55 such as bacterial embolism with coexisting
bacterial endocarditis, generalized sepsis, use of infec-
ted intravascular catheters or stents, intravenous drug
use and, less often, by the spread of infection to the wall
of the artery by continuity from the surrounding tissues
[3]. Other possible reasons include cellular degenera-
tion of the tunica media, Ehlers-Danlos syndrome, or
other collagenopathies [13]. Among potential factors
that predispose to the formation of a true aneurysm,
the role of injuries is brought to attention, especially
repetitive microtraumas conducive to the formation of
thin artery walls and thereby accelerating the formation
of an aneurysm [1, 3, 9].

Symptoms of an aneurysm of the dorsalis pedis arte-
ry primarily include a pulsating tumor, pain, tenderness
and sometimes itching [9, 15]. Additional symptoms
such as compression of adjacent structures (e.g., a vein
or a nerve) or foot pain when taking a certain position
of the body (e.g., vajrasana sitting position), may depend
on the location and size of the aneurysm [13]. It is also
worth mentioning that the discomfort associated with
wearing shoes, which in addition causes pain by chronic

irritation, may even increase the risk of acute ischemia,
contributing to the formation of in situ thrombosis or
embolism [3].

Because there are slight chances of aneurysms oc-
curring below the level of the popliteal artery, including
the dorsalis pedis artery, their natural history is little
known compared to aortic and popliteal artery aneu-
rysms. Such complications as spontaneous rupture of
an aneurysm of the dorsalis pedis artery [12] or acute
ischemia of the forefoot due to thrombosis of an an-
eurysm and systemic embolism, have been reported in
literature [16]. It is partly because there is a possibility of
such complications occurring that most authors believe
that any changes in this area should be operated. On
the basis of several reported cases, it is believed that
small and so-called “asymptomatic” aneurysms can be
successfully monitored even over several years [I3].
Possibilities of surgery include ligation of changes and
cutting out or leaving, and in some cases, implementing
reconstruction of the vessel, particularly in patients with
underlying plantar arch artery insufficiency or failure or
occlusion of the posterior tibial artery [5, 9, 13].

This report, against the background of many previo-
us works [3, 5, 9], confirms that the Duplex Doppler
ultrasonography is sufficient for the diagnosis and initial
evaluation of a small aneurysm of the dorsalis pedis
artery. Thanks to its non-invasiveness, availability, and
low cost, it is also a very useful test to continue moni-
toring the changes. Other methods, such as Computed
Tomography Angiography or Magnetic Resonance
Imaging, are extremely useful particularly in the more
accurate assessment of vascular anomalies; however,
they are characterized by difficult accessibility, a higher
cost, and require a contrast agent. Contrast angiography
and digital subtraction angiography are considered to be
more sensitive tests, but also more invasive, therefore
they are reserved for the assessment of diagnostically
difficult changes or applied for planning simultaneous
therapeutic intervention.

Conclusions

Due to the small size of the aneurysm defined in the
present patient, uncharacteristic symptoms appearing
periodically, and subjective improvement after conser-
vative treatment, it was decided to leave the patient for
further ambulatory observation. We considered surgical
treatment if the symptoms worsen or the size of the
aneurysm increases, but after eight years of observa-
tion, the patient is still asymptomatic.
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Internal carotid artery dissection due to direct
mechanical damage caused by the ipsilateral
elongated styloid process. A 4-year follow-up
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Abstract

Internal carotid artery dissection (ICAD) is a complex clinical problem with a multi-causal etiology, in which the
intima of the artery ruptures and is detached by the inflowing blood. Causes include trauma, intense exercise,
vomiting, prolonged retroflexion of the neck, and spontaneous dissection. The therapy for this condition consists
of treatment with anticoagulants or through endovascular intervention in recurrent cases. The aim of this paper
is to present a case of ICAD in a young woman complicated by an ischemic stroke caused by an elongated
styloid process. This abnormality was found in 3D computed tomography. In the described case, it was decided
to start pharmacotherapy and withdraw from the endovascular treatment due to the technical difficulties of
the procedure. The patient had been followed up regularly up to 4 years dfter the incident.

An elongated styloid process may be the cause of Eagle’s syndrome classified into two types: classical type,
and the rare carotid artery type, a component of which is ICAD. It is estimated that the styloid process in this
form occurs in 4% of the population, which may indicate that the amount of ICAD caused by this variant of
the styloid process is underestimated and should be included in the differential diagnosis of ischemic stroke in

young people.

Key words: carotid artery dissection (CAD); elongated styloid process (ESP);
transient ischemic attack (TIA); Eagle’s syndrome

Acta Angiol 2023; 29, 3: 98-102

Introduction

Carotid artery dissection (CAD) is a multicausal
condition where the layers of the carotid artery are
spontaneously separated [1]. It is often caused by neck
injuries, especially extreme neck rotations or extensions
[2]. This can lead to recurrent ischemic events such
as transient ischemic attack (TIA) [3]. CAD is a major
cause of stroke in young (< 50 years old) patients
[4]. Therapy of carotid artery dissection is based on

anticoagulants which protect patients from peripheral
embolism and following cerebral ischemia [2]. This
procedure is often sufficient and pathological lesions
heal up spontaneously in a six-month time [2].

Case report
A 36-year-old woman, with a history of 3 miscar-

riages, polycystic ovaries syndrome, and MTHFR gene
mutation (heterozygous) diagnosed 3 years earlier
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was admitted to the Department of Neurology due to
symptoms of a TIA and severe headache. 3 days prior
to admission the patient had suffered a right-sided jolt
of the body caused by a German Shepherd.

Neurological examination revealed weakness and
stiffness of the left side of the body, central facial palsy,
and dysarthria. Computed Tomography (CT) imaging
showed a hyperdense middle cerebral artery (MCA) in
the M1 segment. Ischemic lesions in basal ganglia on the
right side were depicted in the MR scan. 2 hours after
the onset of symptoms recombinant tissue plasmino-
gen activator thrombolytic therapy was administered.
The total dose was calculated at 59 mg (6 mg with an
intravenous bolus and 53 mg by intravenous infusion
over | hour). At the same time, Angio-CT was per-
formed, which showed occlusion and features of right
internal carotid artery (RICA) dissection. Subsequently,
the patient underwent the mechanical thrombectomy
procedure. In the control CT examination performed
after 24 hours, a small hemorrhagic area in the posterior
part of the basal ganglia on the right side was seen. After
the mechanical thrombectomy, the patient was trea-
ted with 5000 IU (International Units) low molecular
weight heparin and two antiplatelet drugs — 150 mg
acetylsalicylic acid (ASA), 75 mg clopidogrel and 20 mg
atorvastatin.

After two weeks of hospitalization, the patient was
discharged from the Neurology Department in good
general condition and was referred to the Department
of Angiology. Duplex Doppler ultrasonography exami-
nation of carotid arteries done at an Angiology clinic
revealed a turbulent flow with a peak systolic velocity
(PSV) over 3 m/s and two lumens with the reversed
flow in a false lumen in the RICA. No abnormalities
were found in the carotid arteries on the left side as
well as in external and common carotid arteries on
the right side. A follow-up Angio-CT scan done at that
time revealed the cause of the patient’s carotid artery
dissection. The 3-dimensional reconstruction showed
an elongated right styloid process (SP), which abutted
with its end to the arterial wall of ICA (Fig. 1, 2). Its
length, measured from the temporal bone junction
to the tip of the process, was 31 mm (Fig. 3). It was
decided to consult the patient with vascular surgeons,
who chose not to apply a carotid stent because of the
high risk of intraprocedural stroke and the need to
use a long stent given that dissection involved extra-
and intracranial segments of ICA. Instead, the patient
remains on drug treatment consisting of 75 mg ASA
and 20 mg atorvastatin. LMWH and clopidogrel were
discontinued 6 months after the incident. In addition,
she is under constant supervision at follow-up visits held
every 3—6 months in the Department of Angiology whe-
re the carotid flow in doppler ultrasound is measured.

Figure 1. 3D reconstruction of angiography CT scan showing
the site of right internal carotid artery damage caused by the
ipsilateral styloid process

Figure 2. Axial reconstruction of angiography CT scan sho-
wing the tip of the styloid process compressing the right
internal carotid artery

Figure 3. Coronal reconstruction of angiography CT scan
showing the length of the right styloid process

Currently, the dissection is stabilized, the carotid flow
gradually decreases and totals 2 m/s. Figure 4 presents
the most recent USG (January 2023) duplex-doppler
examination of RICA in our patient.
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Figure 4. Duplex-doppler ultrasonography examination of RICA shows a dissection flap (yellow arrow [A]) separating the true and
the false lumen. Retrograde flow is visible in the latter (B, C). The measured PSV value was 173 cm/s

The neurological condition of the patient was reas-
sessed during the follow-up visit in February 2023 —
the patient presented a mild weakness in the left limbs.

Discussion

The annual prevalence of internal carotid artery
dissection is 2.5-3 cases per 100,000 [5, 6]. CAD is
responsible for almost 20% of strokes in young adults
and for about 2,5% among older patients [5, 7]. Howe-
ver, this incidence could be undiagnosed due to slight
clinical symptoms [8]. Moreover, according to Paciaroni
et al. CAD is more likely to occur during winter than
in summer [9].

CAD can be divided based on the segment of the
artery which was involved. It can be classified as the
dissection of the vertebral or carotid segment and as
the dissection of the intracranial or extracranial segment
[8]. The most common, with 75% prevalence, are
dissections of extracranial segments [10].

CAD mostly occurs spontaneously or after neck or
head trauma which leads to a tear in the intimal layer
of the carotid artery which creates an intramural he-
matoma [ | I]. The hematoma can result in stenosis and

thrombus formation which results in cerebral ischemia.
The risk factors of CAD are excessive physical exercise,
emesis, long-lasting retroflection, or bronchoscopy
[2]. The genetic factors are Ehlers-Danlos syndrome,
Marfan’s syndrome, Osteogenesis Imperfecta, or
Behcet’s disease [2].

The course of carotid artery dissection can be
asymptomatic and that is why this condition is often
undiagnosed [8]. Headache occurs among 2/3 patients
and is often described as severe, acute, stabbing, or
pounding and is localized on the side of the dissection
[2, 6]. Other clinical manifestations of CAD are cranial
nerve palsies, ipsilateral Horner’s syndrome, and retinal
or cerebral ischemia [8]. The symptoms of cerebral
ischemia are episodes of amaurosis fugax, TIA, and
brain stroke [2].

The most common, easily accessible, and noninva-
sive examination to diagnose carotid artery dissection
is doppler ultrasound [2]. This procedure also allows
monitoring of the course of CAD in later periods [2].
Doppler ultrasound should be always verified by neu-
roimaging techniques including magnetic resonance
imaging (MRI), computerized tomographic angiography
(CT), and conventional angiography [2, 8]. Angiography
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is an invasive examination, which is associated with some
mild complications, but allows one to implement endo-
vascular treatment or to plan surgical procedures [2].

In the case described here, a three-dimensional
Angio-CT scan revealed the cause of the ICAD. Accor-
ding to the literature, the styloid process is classified as
elongated when it exceeds 30 mm in length [12]. About
4% of styloid processes are found to be elongated, but
of these, only about 4% present with symptoms [I3,
I4]. Eagle syndrome is a rare condition caused by an
ESP which interferes with the neighboring structures
leading to various symptoms [13]. The typical Eagle
syndrome is associated with sore throat, otalgia, and
foreign body sensation in the throat due to compres-
sion of the ESP on the glossopharyngeal nerve, while
the rare carotid type is caused by compression of the
carotid artery in its extracranial segment, causing ce-
rebrovascular symptoms such as syncope, dizziness,
or transient ischemic attacks. There are a handful of
reports on mechanical injury to the internal carotid
artery caused directly by the styloid process [15-17].
Nevertheless, an ESP is considered a risk factor for CAD
that can lead to ischemic stroke. Given the prevalence
of ESP, the differential diagnosis of ischemic stroke in
young individuals should include this abnormality of the
styloid process once other causes have been ruled out.

Drug treatment of carotid artery dissection prima-
rily consists of antithrombotic therapy: anticoagulant
and antiplatelet therapies [18]. According to Misztal
et al. who reviewed the literature of the treatment of
CAD, there is no significant difference in the survival
rate of patients who used anticoagulants or antiplatelet
drugs, which means that both of them can be successful-
ly used [2, 19]. However, for patients with recurrent
ischemic incidents, an endovascular intervention should
be considered [2]. Surgical procedures are indicated
only in special cases such as enlarging of dissection
range, presence of critical hemodynamically arterial
stenosis, and presence of aneurysm which is bigger than
the twofold dimension of the normal internal carotid
artery, but for the majority of patients, endovascular
therapy is preferred [2].

The prognosis of carotid artery dissection is good if
no ischemic stroke or irreversible eye lesions occurred
[2]. Most cases of carotid artery dissection can be con-
servatively treated with anticoagulation or antiplatelet
drugs and have good clinical outcomes, with anatomic
resolutions and low rates of recurrence [20].
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Przestrzeganie zasad profilaktyki
przeciwobrzekowej u kobiet leczonych
z powodu raka piersi a wystepowanie
obrzeku limfatycznego

Matgorzata Biskup"?, Anna Opuchlik"?,
Piotr quzierawski“, Anna Wtoch',
Marek Zak?

'Zaktad Rehabilitacji, Swigtokrzyskie Centrum Onkologii,
Kielce, Polska

’Collegium Medicum, Uniwersytet Jana Kochanowskiego,
Kielce, Polska

*Wszechnica Swietokrzyska, Wydziat Wychowania
Fizycznego i Turystyki, Kielce, Polska

Wstep: Obrzek chtonny jako powiktanie pooperacyjne
raka piersi jest klinicznag manifestacja mechanicznej
niewydolnosci uktadu limfatycznego. Dostepne metody
i systemy rehabilitacji skupiaja sie w pierwszych etapach
na profilaktyce przeciwobrzekowe;.
Cel: Celem pracy byto sprawdzenie poziomu zasto-
sowania sie pacjentek leczonych z powodu raka piersi
do zasad profilaktyki przeciwobrzekowej oraz skali
problemu wystepowania obrzeku limfatycznego.
Materiat i metody: Materiat badawczy stanowito
60 kobiet (srednia wieku 61,2 roku) po przebytej rady-
kalnej mastektomii, usprawnianych w Swietokrzyskim
Centrum Onkologii w Kielcach. Kwestionariusz ankiety
obejmowat pytania dotyczace przestrzegania zasad
profilaktyki przeciwobrzekowej. Analize statystyczna
przeprowadzono za pomocg oprogramowania staty-
stycznego PQ-Statver.1.4.8.322.
Wyniki: Prawostronng mastektomie zastosowano
u 40% badanych, lewostronna u 53,33%, a obustronna
operacja dotyczyta 6,67% kobiet. Wszystkie badane
(1009%) deklarowaty znajomos¢ zasad profilaktyki prze-
ciwobrzekowej, a 78,33% ankietowanych potwierdzato
stosowanie si¢ do nich. Samodzielne wykonywanie
autodrenazu wskazywato 81,67% ankietowanych.
Korzystanie z wyrobow uciskowych deklarowato 20%
kobiet. Problem wystepowania obrzeku limfatyczne-
go konczyny gornej stwierdzono u 55% badanych,
a 23,33% doswiadczyto takze stanéw zapalnych —
infekcji ,,rézy” nasilajace objawy choroby.
Whioski:
|. Kobiety leczone z powodu raka piersi Swietokrzy-
skim Centrum Onkologii w Kielcach przestrzegaja
niektérych zasad profilaktyki przeciwobrzekowe;.
2. Sposréd wszystkich zasad profilaktyki przeciwobrze-
kowej najliczniejsza grupa badanych stosuje sie do
zalecen wykonywania autodrenazu.
3. Nieliczna grupa kobiet leczonych z powodu raka pier-
si korzysta z rekawa uciskowego okragtodzianego.

4. Pomimo przestrzegania niektdrych zasad profilaktyki
przeciwobrzekowej wystepowanie obrzeku limfa-
tycznego odnotowano u ponad potowy badanych.

5. Istnieje wskazanie do wprowadzenia szerszego
nadzoru nad dziataniami edukacyjnymi wobec po-
wyzszej grupy chorych, dla monitorowania ryzyka
wystapienia obrzeku limfatycznego.

Compliance with the principles of anti-edema
prophylaxis among women treated for breast
cancer and the occurrence of lymphedema

Matgorzata Biskup"?, Anna Opuchlik'?,
Piotr quzierawskiz' 3 Anna Wtoch',
Marek Zak®

'Department of Rehabilitation, Holycross Cancer Centre,
Kielce, Poland

’Institute of Health Sciences, Collegium Medicum,

The Jan Kochanowski University, Kielce, Poland
*Radiotherapy Department, Holycross Cancer Centre,
Kielce, Poland

Introduction: Lymphoedema as a post operation
complication of breast cancer is a clinical manifestation
of the mechanical failure of the lymphatic system. The
available methods and systems of rehabilitation focus
in the first stages on anti-edema prevention.

Aim: The aim of the study was to check the level of
compliance of patients treated for breast cancer with
the principles of anti-edema prophylaxis and the scale
of the problem of lymphoedema.

Material and methods: The research material con-
cerned 60 women (average age 61.2 years) after
radical mastectomy, who underwent rehabilitation at
the Holycross Cancer Centre in Kielce. The survey
questionnaire included questions about compliance
with the principles of anti-edema prophylaxis. Statistical
analysis was performed using the PQ-Statver statistical
software. 1.4.8.322.

Results: Right-sided mastectomy was performed in
40% of patients, left-sided in 53.33%, and bilateral
surgery was performed in 6.67% of women. All re-
spondents (100%) declared that they knew the rules of
anti-edema prophylaxis, and 78.33% of the respondents
confirmed that they followed them. Self-draining was
indicated by 81.67% of the respondents. The use of
compression products was declared by 20% of women.
The problem of upper limb lymphoedema was found
in 55% of respondents, and 23.33% also experienced
inflammation — an infection of “rose” intensifying the
symptoms of the disease.

Conclusions:
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I. Women treated for breast cancer at the Holycross
Cancer Centre in Kielce adhere to some principles
of anti-swelling prophylaxis.

2. Among all the principles of anti-oedematous prop-
hylaxis, the largest group of respondents follows the
recommendations of self-draining.

3. A small group of women treated for breast cancer
use a round-shaped compression sleeve.

4. Despite the observance of some principles of anti-
-edema prophylaxis, the occurrence of lymphedema
was reported in over half of the respondents.

5. There is an indication to introduce wider supervision
over educational activities in the above group of
patients in order to monitor the risk of lymphedema.

Key words: breast cancer; lymphedema; anti-edema
prophylaxis

Ocena skutecznosci kompleksowej terapii
przeciwobrzekowej wérod kobiet leczonych
z powodu raka piersi

Matgorzata Biskup"z, Marek Zak?,
Halina Krol**, Pawet Macek®*,

Matgorzata Terek-Derszniak',
Tomasz Skowronek', Stanistaw Goézdz>°

'Zaktad Rehabilitacji, Swietokrzyskie Centrum Onkologii,
Kielce, Polska

’Collegium Medicum, Uniwersytet Jana Kochanowskiego,
Kielce, Polska

3Zaktad Dydaktyczno-Naukowy, Swietokrzyskie Centrum
Onkologii, Kielce, Polska

*Zaktad Epidemiologii i Walki z Rakiem, Swietokrzyskie
Centrum Onkologii, Kielce, Polska

*Klinika Onkologii Klinicznej, Swigtokrzyskie Centrum
Onkologii, Kielce, Polska

Wstep: Kompleksowa terapia przeciwobrzekowa
(KTP) jest powszechnie stosowana metoda w walce
z obrzekiem limfatycznym u kobiet po radykalnym
leczeniu raka piersi. W jej sktad wchodza tacznie stoso-
wane: manualny drenaz limfatyczny, kompresjoterapia,
¢wiczenia ruchowe oraz pielegnacja skory.

Cel: Celem pracy byta ocena skutecznosci komplekso-
wej terapii przeciwobrzekowej u kobiet po mastektomii
jednostronne;j.

Materiat i metody: Grupe badang stanowito 70 kobiet
(Srednia wieku 62 lata) bedacych po zabiegu mastek-
tomii jednostronnej usprawniane w Swietokrzyskim
Centrum Onkologii w Kielcach z powodu obrzeku
limfatycznego konczyny gérnej po stronie operowanej
piersi.

Najliczniejsza czes¢ grupy (6 1 %) stanowity kobiety po
przebytej mastektomii lewostronnej. Potowe badanych
(50%) stanowity kobiety bedace wiecej niz 5 lat po
zabiegu operacyjnym.

Leczenie uzupetniajace radioterapia zastosowano
u 76% kobiet, a leczenie w postaci chemioterapii
przebyto 89% badanych.

Kwestionariusz ankiety obejmowat pytania dotyczace
wystepowania obrzeku limfatycznego oraz pomiary
obwodow konczyn goérnych na nizej wymienionych
poziomach: 10 cm ponizej stawu barkowego, 10 cm po-
wyzej stawu tokciowego, staw tokciowy, |0 cm ponizej
stawu fokciowego, 3 cm przed stawem promieniowo-
-nadgarstkowym, staw promieniowo-nadgarstkowy,
$rodrecze.

Analizy wynikoéw przeprowadzono za pomoca pakietu
statystycznego PQStat ver. |.6. Wyniki analizowanych
skal w zaleznosci od koriczyny przeprowadzono analiza
wariancji dla powtarzanych pomiaréw.

Wyniki: Obrzek limfatyczny po zabiegu mastektomii
jednostronnej najczesciej wystepowat w czesci proksy-
malnej (469%), kolejno w czesci proksymalnej i dystalnej
(30%), a najrzadziej w czesci dystalnej (249%). Umiej-
scawiat sie najczesciej na ramieniu (39%), nastepnie
na przedramieniu (27%), kolejno w okolicach tokcia
(16%), w dioni (10%) oraz w okolicach pachy (7%).
Wiekszos¢ badanych kobiet (56%) zgtosito problem
wystepowania bélow w okolicy konczyny gérnej po
stronie operowanej piersi. Najliczniejsza grupa bada-
nych (219%), u ktérych wystepowat bol okreslita go
jako rozpierajacy. Wiekszos¢, czyli 67% ankietowanych
wskazuje na obecnos¢ choréb wspottowarzyszacych.
Problem wystepowania infekcji rozy zgtosito 16%
ankietowanych. Uszkodzenia po radioterapii (zwidk-
nienia) zgtosito 68% ankietowanych. U wiekszosci
(79%) badanych kobiet kolor skéry konczyny gornej
byt w normie. U najliczniejszej (68%) grupy badanych
stwierdzono ostabione napiecie miesni konczyny gor-
nej. Dodatni wynik testu Stemmera dotyczyt 20%
ankietowanych, podobnie dodatni wynik testu ,,dotka”
dotyczyt 20% ankietowanych. Uposledzenie funkgji
chwytnej reki zgtosito 19% badanych. Problem zwia-
zany z zaburzeniami czucia okolicy operowanej zgtosito
34% ankietowanych.

Wyniki pomiaréw obwodoéw konczyn gérnych na réz-
nych poziomach wykazuja te sama tendencje. Réznice
miedzy tymi wynikami sa wysoce istotne (p < 0,0001)
i réznice te dotycza zarowno poréwnania konczyny
zdrowej do chorej jak i poréwnania wynikéw przed i po
terapii. Oznacza to, ze w wyniku leczenia obserwuje
sie wysoce istotny (p < 0,01) spadek obwodow tego
pomiaru, co pozytywnie $wiadczy o terapii. Poréwnanie
konczyny zdrowej do chorej po leczeniu metoda KTP
wskazuje, ze obrzek jest istotnie wyzszy (p < 0,01)
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w konczynie chorej. Natomiast wyniki pomiaréw po

terapii nadal réznia sie wysoce istotnie (p < 0,01) od

koriczyny zdrowej. Oznacza to, iz cho¢ istnieje pozy-
tywny wptyw terapii to nie skutkuje ona taka poprawa
by uzyska¢ efekt typowy dla konczyny zdrowe;.

Whioski:

|. Obrzek limfatyczny po mastektomii jednostronnej
najczesciej umiejscowiony jest w czesci proksymalnej
konczyny goérnej strony operowane;.

2. Zastosowanie kompleksowej terapii przeciwo-
brzekowej istotne zmniejszenia obrzek limfatyczny
konczyny strony operowane;j piersi.

3. Cho¢ istnieje pozytywny wptyw kompleksowej
fizykalnej terapii udrazniajacej, to nie skutkuje ona
taka poprawa by uzyskac efekt typowy dla koriczyny
zdrowe;.

4. Kompleksowa fizykalna terapia udrazniajaca jest
skuteczna metoda zwalczania obrzeku limfatycznego
u kobiet po mastektomii.

Assessment of the effectiveness
of comprehensive anti-edema therapy
in women treated for breast cancer

Matgorzata Biskup"2, Marek Zak?,
Halina Krél*?, Pawet Macek**,
Matgorzata Terek-Derszniak',

Tomasz Skowronek', Stanistaw Gozdz*°

'Department of Rehabilitation, Holycross Cancer Centre,
Kielce, Poland

’Institute of Health Sciences, Collegium Medicum,

The Jan Kochanowski University, Kielce, Poland
*Department of Epidemiology and Cancer Control, Holycross
Cancer Centre, Kielce, Poland

‘Research and Education Department, Holycross Cancer
Centre, Kielce, Poland

*Clinical Oncology Clinic, Holycross Cancer Centre, Kielce,
Poland

Introduction: Comprehensive Anti-Edema Thera-
py is a commonly used method in the fight against
lymphedema among women after radical treatment of
breast cancer. It includes: manual lymphatic drainage,
compression therapy, physical exercises and skin care.
Aim: The aim of the study was to evaluate the effecti-
veness of the Comprehensive Anti-Edema Therapy in
women after unilateral mastectomy.

Material and methods: The study group consisted of
70 women (average age 62) who underwent unilateral
mastectomy and were rehabilitated at the Holycross
Cancer Centre in Kielce due to lymphoedema of the
upper limb on the side of the operated breast. Half of

the respondents (50%) were women who were more
than 5 years after surgery. Adjuvant radiotherapy was
used in 76% of women, and chemotherapy was used
in 89% of respondents. The questionnaire included
questions about the presence of lymphedema and me-
asurements of the circumference of the upper limbs.

The analyzes of the results were performed using the

statistical package PQStat ver. 1.6. The results of the

analyzed scales depending on the limb were performed
using the variance analysis for repeated measurements.

Results: Lymphoedema following unilateral mastec-

tomy was most common (46%) in the proximal part.

Most of the surveyed women (56%) reported the

problem of pain in the upper limb area on the side of

the operated breast. 67% of respondents indicate the
presence of comorbidities. The problem of rose infec-
tion was reported by 16% of respondents. Damage
after radiotherapy (fibrosis) was reported by 68% of
respondents. A positive result of the Stemmer test
concerned 20% of the respondents, a similar positive
result of the “hole” test concerned 20% of the re-
spondents. Impaired grasp function was reported by

9% of respondents. The problem related to sensory

disorders in the operated area was reported by 34%

of respondents. The results of measurements of upper

limb circumferences at different levels show the same
trend. The differences between these results are highly
significant (p < 0.0001) and these differences concern
both the comparison of the healthy limb to the diseased
limb and the comparison of the results before and after
treatment. This means that as a result of treatment,
a highly significant (p < 0.01) decrease in the circuits of
this measurement is observed, which positively proves
the therapy. The comparison of the healthy limb to the
diseased limb after treatment with the comprehensive
anti-edema therapy method shows that the edema is
significantly higher (p < 0.01) in the diseased limb.

On the other hand, the results of the measurements

after the therapy still differ significantly (p < 0.01)

from the healthy limb. This means that although there

is a positive effect of the therapy, it does not result in
such an improvement as to obtain the effect typical for

a healthy limb.

Conclusions:

I. Lymphoedema after unilateral mastectomy is most
often located in the proximal part of the upper limb
of the operated side.

2. The use of Comprehensive Anti-Edema Therapy sig-
nificantly reduces lymphatic edema on the extremity
of the operated breast.

3. Although there is a positive effect of Comprehen-
sive Anti-Edema Therapy, it does not result in such
an improvement as to obtain the effect typical of
a healthy limb.
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4. Comprehensive Anti-Edema Therapy is an effective
method of combating lymphoedema in women after
mastectomy.

Key words: breast cancer; lymphoedema;

comprehensive anti-edema therapy

Dietary intervention assessment in cases
of patients suffering from lymphedema
and lipedema — case study

Matgorzata Jeziorek', Andrzej Szuba’,
Bozena Regulska-llow'

'Department of Dietetics, Faculty of Health Sciences, Wroclaw
Medical University, Poland

2Department of Angiology, Hypertension and Diabetology,

Jan Mikulicz-Radecki University Teaching Hospital

in Wroclaw, Poland

Introduction: In cases of lymphedema and lipedema,
the use of caloric restrictions and introducing physical
activity do not cause the expected results — there is
no edema reduction. Patients’ nutritional status as-
sessment is used to determine the level of obesity and
fat distribution in the body. The goal of treating patients
is achieving healthy body weight, because overweight
and obesity can contribute to further obesity increase.
Measuring resting metabolism by indirect calorimetry
allows us to calculate the actual energy demand and
determine the energy value of a diet. The use of a ba-
lanced diet with proper calories and low content of
refined carbohydrates which is rich in anti-inflammatory
ingredients is intended for the reduction of edema these
patients suffer from.

Aim: Assessing the effectiveness of dietary intervention
in reducing lymphedema and lipedema.

Case description: We describe a case of a 26-year-old
patient with lymphedema and a 44-year-old patient
with lipedema. Both women came to a dietician to
verify their diets, define nutritional mistakes as well as
to gather information and suggestions on how to act
in order to decrease body fat in their limbs. In the first
case (lymphedema) an excess of visceral fat was found
in the lower limbs. The resting metabolism measured
by indirect calorimetry was 1421 kcal. The patient
received diet equal to 1700 kcal. After 3 months her
body weight dropped by 2.8 kg, total body fat went
down by 2.19% — left leg 0.38 kg, right leg 0.42 kg and
visceral fat by |. In the second case (lipedema) we saw
obesity including excess of visceral fat and extra body
fat in lower limbs. The resting metabolism measured by
indirect calorimetry was 1578 kcal. This patient recei-
ved a diet equal to 2000 kcal, and after 4 months it was
decreased to 1700 kcal. Results were measured every

|.5 months. After 8 months the patient lost 6.6 kg, body
fat dropped by 3.3% - left leg 0.84 kg, right leg 0.86 kg
and visceral fat by 2.

Results: The prescribed dietary intervention turned
out effective with lymphedema and lipedema patients.
The effect was decreased body weight, lower body
fat in affected body limbs and diminished visceral fat.
Conclusions: Authors of countless research papers
point to nutritional recommendations as ways to treat
lymphedema and lipedema patients. Edema makes it dif-
ficult to define the real energy demand, thus hindering
applying a diet that would help to reduce body weight.
Suggested body weight control should be based on
a properly balanced nutritional plan designed for a parti-
cular patient. Additionally it is necessary to define which
elements of the diet have influence on edema, due to
the fact there are no reports on the effectiveness that
diet can have on lymhedema and lipedema reduction. It
is advisable to continue research and observations that
would consider the relations between diet applied and
the size of lymphedema and lipedema.

Key words: body fat percentage, obesity,

nutritional mistakes, diet

Ocena zastosowania kompresji w profilaktyce
obrzeku konczyn dolnych u kobiet aktywnych
fizycznie w czasie ciazy i potogu — doniesienia
wstepne
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Z. Szyguta®
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*Wydziat Wychowania Fizycznego i Sportu, Akademia

Wychowania Fizycznego, Krakéw, Polska

Wstep: Obrzeki konczyn dolnych wraz z dolegliwos-
ciami dotycza nawet okoto 80% kobiet w Il tryme-
strze ciazy. W oparciu o rekomendacje wydaje sie,
ze zastosowanie profilaktycznej kompresji w postaci
podkolanéwek w potfaczeniu z aktywnoscia fizyczna
W ciazy i pofogu jest skutecznym rozwiazaniem, ale
wymaga potwierdzenia badaniem zgodnie z evidence-
-based medicine.

Cel: Ocena zastosowania kompresji w profilaktyce
obrzeku konczyn dolnych u kobiet aktywnych fizycznie
w okresie ciazy i potogu.

Materiat i metody: 51 kobiet w ciazy, ktére spetniaty
kryteria (m.in. brak przeciwwskazan do aktywnosci
fizycznej) zostato losowo przydzielonych do grupy CG
(z kompresja podkolanéwki uciskowe okragiodziane
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w ccll 18-21 mm) lub do grupy NCG (bez kompresji).
Projekt ukonczyto 38 pacjentek. W przypadku wysta-
pienia obrzeku (przyrost objetosci o = 10%) w grupie
NCG réowniez wiaczono kompresje (NCG + C).
W obu grupach wykonano badanie Dopplerem naczyn
konczyn dolnych w |l trymestrze ciazy i po pofogu,
pomiary obwodéw i objetosci podudzi (ll, Il trymestr
i potog) oceniono stan uktadu zylnego w skali CEAP
oraz poziom aktywnosci fizycznej (kwestionariusz IPAQ
w wersji dtugiej).

Wyniki: Obrzek konczyn dolnych w rejonie stép
i podudzi stwierdzono u 5 pacjentek z grupy NCG w Il
trymestrze ciazy, dobrano kompresje i zakwalifikowa-
no do grupy NCG + C. U jednej pacjentki wczesniej
stwierdzono refluks, u pozostatych 4 obrzek wystapit
mimo braku istotnych odchylen w pierwszym badaniu
Dopplerem. Pacjentki z grupy NCG + C w li Il trym.
ciazy byty najbardziej aktywne fizycznie.

Stwierdzono istotne obnizenie poziomu aktywnosci
fizycznej u wszystkich kobiet w Ill trymestrze ciazy.
Zaobserwowano istotng zalezno$¢ pomiedzy inten-
sywnym wysitkiem fizycznym a wzrostem objetosci
konczyn, a takze wzrostem objetosci konczyn a brakiem
wysitku fizycznego. Zaobserwowano takze subiektyw-
nie odczuwane zmniejszenie dolegliwosci w grupach
z kompresja.

Whioski: Kompresja z niskim cisnieniem wptywa na
zmniejszenie obrzekéw u kobiet w okresie ciazy i po-
togu. Stosowanie ucisku i aktywnosci fizycznej w pro-
filaktyce obrzekéw konczyn dolnych u kobiet w ciazy
wymaga dalszych badan.

Physiotherapy after liposuction with skin
excision (mLIPO) — case report

Grzegorz Niedrygas', Karolina Donocik?,
Ewa Zys-Owczarek', Iwona Makles-Kacy'

'Rehabilitation Unit of the Maria Sklodowska-Curie National
Research Institute of Oncology Branch, Gliwice, Poland
’Department of Oncological Surgery and Reconstructive
Surgery, the Maria Sklodowska-Curie National Research
Institute of Oncology Branch, Gliwice, Poland

Introduction: The upper limb lymphedema occurs in
20-30% of patients with breast cancer after the sur-
gical treatment. Physiotherapy, including the complex
decongestive therapy (CDT), is the main conservative
treatment of lymphedema. Liposuction with skin
excision (mLIPO) is one of the surgical treatments of
lymphedema, which is used more often than others
because of the lack of effectiveness of the conservative
treatment. The addition of the adequate physiotherapy

to the surgical treatment may be crucial for achieving
long-term effects.

Material and methods: A 5|-year-old female with
breast cancer underwent a mastectomy with ALND,
chemotherapy and radiotherapy (RT). The patient de-
veloped secondary lymphedema on the right upper limb
(stage l1l) and was admitted for the modified liposuction
with skin excision (mLIPO). The compression therapy
(CT) with compression in the range of 23—40 mm Hg
(class 2) was started following the surgery and con-
tinued during the hospitalization and convalescence
period (4 weeks). Then the patient was admitted for
a 3-week rehabilitation in the Rehabilitation Unit of
the Maria Sklodowska-Curie National Research Insti-
tute of Oncology Branch in Gliwice. We administered
a physiotherapy program with the aim to improve
the functionality of the upper limb and optimize the
lymphedema. It included manual lymphatic drainage
(SLD), compression therapy (CT), exercises improving
muscle pomp of the upper limb, myofascial release
(MFR) (used to manage scar tissues on chest and upper
limb), sensorimotor exercises (used to teach patient the
correct position of the scapula).

Results: As a result of PT the range of movement
(ROM) of the right shoulder joint improved (most noti-
ceable in flexion: from 138° to 152° and abduction: from
139° to 165°). Significant pain reduction was reported
(from 10 to | in VAS scale). We observed an increase
in the muscle strength (improvement in the grip force
was recorded using dynamometer). We managed to
achieve the optimization of lymphedema (reduction in
the arm and forearm circumferences > 2 cm and better
gliding of the fascia).

Conclusions: The physiotherapy after the surgical
treatment of lymphedema using liposuction with skin
excision increases the long-term effectiveness of this
treatment and improves functionality of the upper limb.
Key words: lymphedema; liposuction; physiotherapy

The assessment of the influence of manual
lymphatic drainage on biochemical
parameters in people with improper weight.
The description of chosen cases

Klaudia Antoniak', Katarzyna Zorena',
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Introduction: Lymphatic drainage is usually used as
a manual therapy in people after oncological surgeries,
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chemotherapy, radiotherapy and as well as in over-
weight individuals. Lymphatic drainage contributes to
the increase of lymph circulation. It can partly cause
accelerated removal of damaged metabolites, incre-
ased dynamic of body fluids and decreased activity of
sympathetic nervous system. It is particularly used in
the treatment of lymphedema and lipedema which can
be a result of genetic defects, venostasis, excessive
physical effort, injuries or oncological diseases. The
literature also reports about rare cases which suggests
that not only the lymphatic system disorder can cause
lymphedema, but may also lead to the increased risk
of hypertension, atherosclerosis or insulin resistance.
Aim: Evaluation of the impact of manual lymphatic
drainage on carbohydrate and lipid metabolism in the
group of three chosen women.

Material and methods: The research realization was
approved by Independent Bioethics Committee for
Scientific Research at Medical University of Gdansk
(approval number: Uchwata nr NKBBN/692/2019-2020).
The patients were recruited from Poradnia Kardiologii
i Choréb Wewnetrznych in Gdynia. The therapy of
three women, in the age ranging from 30 to 59 years
old, was presented. The patients were subjected to the
therapy of lymphatic drainage of abdomen ten times
(30 minutes, 2-3 times per week).

There was also a blood test conducted-before and after
the therapy. The test included: glycated haemoglobin
HbAIc, C-peptide, C reactive protein, lipid panel and
blood glucose (point 0 and 120). The patients were
given a health questionnaire. The obesity level was de-
fined by the BMI (Body Mass Index) and WHR indicator
(weight to hip ratio).

Results: Patient nr | (CT): 59 years old, 27,5 kg/m’;
average pressure — 122/85 mm Hg; before/after

respectively — HbAlc 5,5%/5,6%; glucose0’ —
91/95 mm/dl; glucosel20’ — 103 mm/dI; total cho-
lesterol — 253/239 mg/dl; HDL — 51/47 mg/dl; LDL
— 177/169 mg/dl; triglycerides — 125/109 mg/dl; CRP
— 3,6/3 mg/l; C-peptide — 2.95/2.23 ng/ml.

Patient nr 2 (NH): 30 years old, BMI — 35.42 kg/m’;
average pressure — 120/77 mm Hg; before/after
respectively HBAIC — 5,6%/5,6%; glucose0’ —
105/b.z. mg/dl; glucosel20’ — 69 mg/dI; total chole-
sterol — 194/211 mg/dl; HDL — 57/55 mg/dl, LDL
— 111/144 mg/d|, triglycerides — 131/61 mg/dl; CRP
— 1.3/1.9 mg/l; C-peptide — 2.4/1.9 ng/ml.

Patient nr 3 (CA): 49 years old, BMI — 21,67 kg/m’;
average pressure — [21/74 mm Hg; before/after
respectively HBAIC — 5,6%/5,6%; glucose0’ —
97/94 mg/dl; glucosel20” — 81 mg/dl; total chole-
sterol — 213/214 mg/dl, HDL — 67/66 mg/dl; LDL
— 135/134 mg/dl; triglycerides — 51/67 mg/dl, CRP
< 1/2 mg/l, C-peptide — 1,16/1.21 ng/ml.
Conclusions: The therapy in overweight patient
resulted in a decrease of: CRP, few elements of lipid
panel, triglycerides, C-peptide. In the case of obese
patient, there was an increase of: lipid panel and CRP.
However, there was also a decrease in C-peptide and
triglycerides. In the case of the patient with proper BMI,
the results were the most stable. The continuation of
research is necessary to establish if manual lymphatic
drainage may be helpful in the treatment of early phases
of insulin resistance in obese people.

Key words: manual lymphatic drainage; obesity;
overweight; metabolic syndrome;

carbohydrate metabolism; lipid metabolism
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oraz diety z umiarkowana zawartoscia
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masy ciala oraz parametréw sktadu ciata

u pacjentek z obrzekiem tluszczowym
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Wstep: Obrzek ttuszczowy to zaburzenie charakte-
ryzujace sie nadmiernym gromadzeniem podskérnej
tkanki ttuszczowej, szczegélnie w konczynach dolnych,
z wytaczeniem stép. Leczenie otytosci u tych pacjentow
jest kluczowym elementem terapii. Celem pracy byto
poréwnanie skutecznosci dwéch diet: niskoweglowo-
danowej i wysokottuszczowej (LCHF, low carbohydrate
high fat diet) oraz z umiarkowanga zawartoscia tfuszczu
i weglowodanéw (MCMF, medium carbohydrate medium
fat diet) w zmniejszaniu masy ciata oraz parametréw
sktady ciata u pacjentek z obrzekiem ttuszczowym.

Materiat i metody: Grupa sktadata sie z 91 kobiet
($redni wiek: 44,0 * 13,5 roku) ze zdiagnozowanym
obrzekiem ttuszczowym. Badane kobiety zostaty
podzielone na 2 grupy. W jednej grupie zastosowano
diete z niska zawartoscia weglowodanéw (6% energii)

i wysoka zawartoscia ttuszczu (> 70% energii) (LCHF;
n = 45), a w drugiej grupie diete o $redniej zawartosci
tluszczu (39% energii) i weglowodanéw (39% energii)
(MCMF; n = 46). Obie diety zastosowano przez okres
|6 tygodni. Pomiary antropometryczne zostaty zebrane
na poczatku i na koncu badania.

Wyniki: Obie diety przyczynity sie do istotnego obni-
Zenia parametréw skfadu ciata i obwodow wsréd ba-
danych pacjentek. R6znice w masie ciata wynosity —8.2
+ 4.1 kg (w diecie LCHF) vs. =2, = 1,0 kg (w diecie
MCMF); p < 0,0001. Zawartos¢ tkanki ttuszczowej
zmniejszyta sie 0 —4,2 + 2,1% w grupie LCHF i 0 -0,9
+ 0,5% w diecie MFMC; p < 0,0001. Dieta LCHF
przyczynifa si¢ do zmniejszenia obwodoéw pasa i bio-
der w wiekszym stopniu niz dieta MCMF. Obwody ud
i fydek ulegty znacznemu zmniejszeniu w obu grupach,
ale bardziej efektywne w grupie LCHF.

Whioski: Skuteczniejsza w obnizaniu masy ciafa, za-
wartosci tkanki ttuszczowej oraz obwodow konczyn
dolnych okazata sie dieta LCHF niz MCMFE
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Comparison of the effectiveness

of low-carbohydrate, high-fat diet with
moderate-carbohydrate and fat diet

in reducing body weight and body composition
parameters in patients with lipedema

Matgorzata Jeziorek', Andrzej Szuba?,

Bozena Regulska-llow'

'Zaktad Dietetyki, Wydziat Farmaceutyczny, Uniwersytet
Medyczny, Wroctaw, Polska

’Zaktad Angiologii, Nadcisnienia Tetniczego i Diabetologii,
Uniwersytet Medyczny, Wroctaw, Polska

Introduction: Lipedema is a disorder characterized
by an excessive accumulation of subcutaneous body
fat, particularly in the lower extremities excluding feet.
Management of obesity among patients with lipedema is
a key component in its treatment. The aim of this study
was to compare the effectiveness of two diets: low car-
bohydrate high fat (LCHF) and medium carbohydrate
medium fat (MCMF) in reducing body weight, body fat
and lower limb circumference in patients with lipedema.
Material and methods: The study group consisted
of 91 women (mean age: 44.0 = 13.5 years) with lipe-
dema. The participants were divided into two groups
following two interventional diets for 16 weeks: low-
-carb high fat diet (LCHF, n = 45) (6% energy from
carbohydrates; > 70% energy from fat) and medium-
-carb and fat diet (MCMF, n = 46) (39% energy from
fat and carbohydrates, equally), which were applied to
indicated caloric restrictions. Anthropometric measu-
rements were made at the baseline and after |6 weeks.
Results: Both LCHF and MCMF diets contributed to
significant reductions in body composition parameters
and body circumferences in patients with lipedema. The
difference of body weight after dietary intervention was:
-8.2 = 4.1 kgvs. 2.1 = 1.0 kg for LCHF and MCMF
diet, respectively (p < 0.0001). The percentage body
fat decreased by —4.2 = 2.1% in LCHF group, and by
—0.9 = 0.5% in MCMF diet (p < 0.0001). LCHF diet
contributed to greater reduction of waist and hips cir-
cumferences than MCMF diet. The circumferences of
thighs and calves decreased significantly in both groups,
but more effective in LCHF group.

Glycocalyx — clinical aspects
Zden&k Zadak', Alena Ticha?,
Radomir Hy¥pler®

'Dept. of Research and Development, University Hospital
Hradec Krdlové, Czech Republic

’Dept. of Clinical Biochemistry and Diagnostic, University
Hospital Hradec Krdlové, Czech Republic

*Dept. of Clinical Biochemistry and Diagnostic, University
Hospital Hradec Krdlové and Charles University Prague,

Medical Faculty in Hradec Krdlové

Properties and clinical role of the glycocalyx (GCX).
The barrier of the inner vessel wall is not only formed
by the vascular endothelium. The barrier consists of
a functionally little-known structure — GCX (1-2 nm
on the surface of the Era, 0.1 gm on the endothelium).
Let’'s compare with the size of the erythrocyte! The
permeability and thus the sequestration of fluid from
the IVP to the IST varies significantly according to the
quality and immediate functional state of GCX. GCXis
affected by the charge of the ions of the infused solution
repulsive force of zeta-potential (see also stability of fat
emulsion). A small change in the variable and regulated
permeability across GCX barrier leads to significant
changes in fluid sequestration from the IVP to the IST
(biological amplification). The escape or retention of
crystalloids in the systemic circulation is largely deter-
mined by GCX.

Conclusion and implications for the design of new ionic
formulations of infusion solutions. The negative charge
of erythrocytes reflects the properties of endothelial
GCX. The GCX hub informs about its quality. The
GCX repulsive forces of the erythrocyte surface and
the surface of the endothelium are influenced by the
,ionic cocktail” of the infusion solution with which it
comes into contact. The GCX quality of the capillary
wall determines the rate of crystalloid transfer from
the IVP to the ISP and thus the length of time the cry-
stalloid remains in the circulation. Theoretically, this
opens the way to the development of infusion solutions
developed on new principles that are based on the
function of GCX.
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Zwezenie w poczatkowym odcinku zyty
szyjnej wewnetrznej zaburza odplyw przez
te zyle i moze zmienia¢ geometrie zastawki
zlokalizowanej w dolnym odcinku zyty: wyniki
cyfrowego modelowania przeptywu

Anas Rashid', Syed Atif Iqrarz, Aiman Rashid?,
Marian Simka*

'Department of Neuroscience “Rita Levi Montalcini”, University
of Torino, Torino, Italy

’College of Engineering and Physical Sciences, Aston Institute
of Photonic Technologies, Aston University, Birmingham, United
Kingdom

*Department of Electrical and Electronic Engineering,
University of Cagliari, Cagliari, Italy

‘Department of Anatomy, University of Opole, Opole, Poland

Wstep: Obecnie uwaza sie, ze zastawki zyty szyjnej
wewnetrznej sa podstawowa przyczyna zaburzonego
przeptywu przez te zyty. Innym potencjalnym zrédtem
zaburzen s zwezenia tworzace rodzaj dfawika w jej
goérnym odcinku, na przyktad spowodowane przez
wydtuzony wyrostek rylcowaty kosci skroniowej.
Materiatl i metody: W pracy uzyto oprogramowania
do cyfrowego modelowania przeptywu COMSOL
Multiphysics. Modele zyt posiadaty sztywne zwezenie
w poczatkowym i elastyczng zastawke w dolnym od-
cinku. Przeptyw modelowano w warunkach przeptywu
laminarnego, potaczonego z mechanika strukturalna,
stosujac podejscie badajace interakcje miedzy ptynem
i struktura, gdzie zaleznos$¢ naprezenia $cinajacego do
odksztatcenia $cinajacego byta Newtonowska. Materiat
budujacy zastawke byt izotropowo linearnie elastyczny.
Wyniki: W modelach zyt z symetryczng dwuptatko-
wa zastawka i bez zwezenia w gérnym odcinku lub
z niewielkim zwezeniem, przeptyw byt niezaburzony
i laminarny. Ptatki zastawki symetrycznie otwieraly sie
i zamykaty na skutek wiréw powstajacych za zastawka.
W przypadku wiekszego stopnia zwezenia centralny
strumien przeptywu odchylat sie od osi naczynia i po-
wstawaly obszary z odwréconym kierunkiem i separacja
przeptywu. W przypadku zastawki dwuptatkowej wiry
powodujace asymetrie przeptywu byty obecne na catym
przebiegu modelowanego naczynia, za$ pfatki zastawki
byty znieksztatcane przez asymetryczny przeptyw.
Whioski: Wyniki naszego badania sugeruja, ze utrud-
niony odptyw krwi przez zyty szyjne wewnetrzne jest
prawdopodobnie gtéwnie wywotany przez patologiczne
struktury potozone w ich gérnych odcinkach, a nie
przez patologiczne zastawki szyjne, ktore do tej pory
byty gtéwnym obiektem badan. Dodatkowo, nieprawid-
towosci zastawki moga by¢ pogiebione przez zwezenie
zlokalizowane w gérnym segmencie zyty.

Stenosis at the beginning of the internal
jugular vein compromises outflow through this
blood vessel and can alter the geometry

of the jugular valve located downstream:
results of numerical modeling of blood flow

Anas Rashid', Syed Atif Igrar’, Aiman Rashid’,
Marian Simka*

'Department of Neuroscience “Rita Levi Montalcini”, University
of Torino, Torino, Italy

’College of Engineering and Physical Sciences, Aston Institute

of Photonic Technologies, Aston University, Birmingham, United
Kingdom

’Department of Electrical and Electronic Engineering,
University of Cagliari, Cagliari, Italy

‘Department of Anatomy, University of Opole, Opole, Poland

Introduction: Currently, pathological jugular valves are
thought to be the main cause of altered hemodynamics
in the internal jugular veins. The alternative cause of
disturbances are the nozzle-like strictures in their upper
parts, for example enlarged styloid processes.
Material and methods: Computational fluid mecha-
nics software, COMSOL Multiphysics, was used for the
numerical simulation of the real-time blood flow. The
2-dimensional computational domain involved stenosis
at the beginning of the modeled vein and a flexible valve
downstream. The laminar flow modeling was coupled
with structural mechanics, using the fluid-structure
interaction approach, where the constitutive relation
for shear stress to shear strain was considered Newto-
nian. The material of the venous valve was considered
isotropic linear elastic.

Results: In the vein models with symmetric 2-leaflet
valve and without upstream stenosis, or with minor
stenosis, the flow was undisturbed and laminar. Valve
leaflets opened and closed symmetrically, due to the
vortices developing downstream of the valve. In the
case of major stenosis, the centerline velocity was
positioned asymmetrically and areas of reverse flow
and flow separation developed. In the 2-leaflet model
with major stenosis, vortices evoking flow asymmetry
were present for the entire course of the model, while
the valve leaflets were distorted by asymmetric flow.
Conclusions: Our modeling suggests that an impaired
outflow through the internal jugular veins is likely to be
caused by pathological strictures in their upper parts,
instead of pathological jugular valves that of as yet were
the main target of clinical research. In addition, the ju-
gular valve pathology can be exacerbated by strictures
located in the upper segments of these veins.
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Symulacje odptywu krwi zylnej z mézgu
w modelach ztozonych z zyly szyjnej
wewnetrznej i zylnego splotu kregowego

Marian Simka', Joanna Czaja', Marta Nowak'

Department of Anatomy, University of Opole, Opole, Poland

Wstep: Krew odptywa z mézgu przez dwie alterna-
tywne drogi: zyty szyjne wewnetrzne lub zylny splot
kregowy. Ta pierwsza dotyczy gtéwnie pozycji lezacej,
za$ przez druga krew odptywa w pozycji pionowe;.
Niewiele wiadomo, jak zmiany patologiczne zyly szyjnej
wewnetrznej wplywaja na ten wzorzec odptywu.
Materiat i metody: Symulacje przeptywu w modelach
zapewniajacych alternatywny przeptyw przez zyte szyj-
na wewnetrzng lub zylny splot kregowy wykonano przy
uzyciu oprogramowania do obliczeniowej mechaniki
ptynu: Flowsquare +. Mierzono objetosci przeptywajace
przez kazda z tych drég: w modelach odpowiadajacych
geometrii zyly szyjnej wewnetrznej w pozycji lezacej
oraz pionowej, jak i w przypadku patologicznych zwe-
zen tej zyty.

Wyniki: W modelu odpowiadajacym pozycji lezacej
wiekszos¢ krwi odptywata przez zyte szyjna, zas w mo-
delu odpowiadajacym pozycji pionowej znaczna czesé
krwi kierowata sie do kregowej drogi odptywu. W ten
sposob wykazalismy, ze nasze modelowanie przeptywu
byto poprawne. Przesuniecie odptywu do kregowej
drogi odptywu bylto jeszcze wieksze w modelach ze
zwezeniem zyly szyjnej wewnetrznej w jej gérnym od-
cinku, szczegélnie wspétwystepujacych ze stenostyczng
zastawka tej zyty.

Whioski: Nasze cyfrowe modelowanie przeptywu
wnosi nowe spojrzenie na anatomiczne podstawy za-
burzonego odptywu zylnego z mézgu spowodowanego
przez nieprawidiowosci potozone poza jama czaszki.

Simulations of the venous outflow

from the brain in models comprising

the internal jugular vein and the vertebral
venous plexus

Marian Simka', Joanna Czaja', Marta Nowak'

Department of Anatomy, University of Opole, Opole, Poland

Introduction: Blood flow out of the brain through two
alternative pathways: internal jugular veins and vertebral
venous plexus. The former route is mainly utilized in
the supine body position, the latter in the upright one.
Little is known how a pathology of the internal jugular
vein affects this pattern.

Material and methods: With the use of computational
fluid mechanics software the Flowsquare+ we simu-
lated blood flow the models that enabled alternative
outflow through the internal jugular vein or vertebral
venous plexus. We measured the volumes flowing
through each of these pathways, in the models resem-
bling geometry of the internal jugular vein in the supine
and standing body positions, as well as in the settings
of pathological strictures of the internal jugular vein.
Results: In the model resembling the supine body po-
sition a majority of blood flew out through the jugular
pathway. In the model resembling upright body position
there was a shift of flow towards the vertebral pathway.
This demonstrated that our modeling was correct. This
shift of outflow was even higher in the models with
strictures in the upper part of the internal jugular vein,
especially those coexisting with stenotic jugular valve.
Conclusions: Our in silico studies provide new insight
into anatomical background of impaired cerebral venous
outflow caused by extracranial abnormalities.

Tetniak tetnicy skroniowej powierzchownej —
opis przypadku

Monika Starzak, Grzegorz K. Jakubiak,
Mikotaj Pietrzak, Agata Stanek,
Grzegorz Cieslar

Oddziat Kliniczny Choréb Wewnetrznych, Angiologii i Medycyny
Fizykalnej, Szpital Specjalistyczny nr 2, Bytom, Polska

Wstep: Pierwszy przypadek tetniaka tetnicy skroniowej
powierzchownej (TTSP) zostat opisany w 1742 roku.
Od tego czasu zgloszono niecate 400 przypadkow.
Klasyfikacja obejmuje tetniaki rzekome oraz tetniaki
prawdziwe stanowigce 5-8% opisanych przypadkow.
Opis przypadku: 37-letnia chora zostata przyjeta
do Kliniki celem pogtebienia diagnostyki z powodu
powiekszajacego sie od trzech miesiecy guza lewej
okolicy skroniowej. W wywiadzie podawata tepy uraz
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okolicy skroniowej lewej przed kilkoma laty. Po urazie
narastajace, pulsujace bdle gtowy, poczatkowo bez
wyczuwalnego guza. TTSP lewej uwidoczniono za
pomoca ultrasonografii dopplerowskiej, a nastepnie
potwierdzono w obrazie TK. W badaniach laborato-
ryjnych nie stwierdzono istotnych nieprawidtowosci,
w tym wartosci parametréw zapalnych byty prawid-
towe. Pacjentke przedstawiono do klasycznej operacji
chirurgicznej resekgji tetniaka.

Dyskusja: W diagnostyce réznicowej guza w okolicy
skroniowej nalezy uwzgledni¢ zmiany skérne, stany za-
palne naczyn, gtéwnie olbrzymiokomérkowe zapalenie
tetnic oraz zmiany nowotworowe takie jak nerwiak
nerwu twarzowego, guz $linianki przyusznej. TTSP
najczesciej sa wynikiem tepego urazu okolicy skro-
niowej. Podstawa leczenia pozostaje otwarta resekcja
chirurgiczna. W przypadku umiejscowienia tetniaka
w poczatkowym odcinku tetnicy skroniowej powierz-
chownej, z uwagi na blisko$¢ nerwu twarzowego warto
rozwazy¢ interwencje endowaskularna.

Superficial temporal artery aneurysm
— a case report

Monika Starzak, Grzegorz K. Jakubiak,
Mikotaj Pietrzak, Agata Stanek,
Grzegorz Cieslar

Oddziat Kliniczny Choréb Wewnetrznych, Angiologii i Medycyny
Fizykalnej, Szpital Specjalistyczny nr 2, Bytom, Polska

Introduction: The first case of superficial temporal ar-
tery aneurysm (STAA) was reported in 1742. Itisarare
pathology, approximately 400 cases have been reported
since then. It can be classified into pseudoaneurysm or
spontaneous true aneurysm, 5-8% of all analysed cases.
Case report: A 37-year-old female with a 3-month
history of progressively enlarging left temporal mass.
The patient reported a history of blunt head trauma
over the previous few years. After the incident, she
observed an increasing left area headache and no mass
associated with the injury at the beginning. The left
STAA was first diagnosed with a doppler ultrasound.
The diagnosis was confirmed with a CT angiogram.
Laboratory tests showed no significant abnormalities,
including the values of inflammatory parameters were
normal. She was presented for surgical resection of
the aneurysm.

Discussion: In the differential diagnosis of left tempo-
ral area mass subcutaneous hematoma, inflammatory
diseases such as giant cell arteritis, neoplastic disease
such as facial nerve schwannoma, and parotid gland
tumour should be taken into consideration. STAA in
most of the reported cases was associated with blunt
head trauma and was diagnosed after 2—6 weeks after

the injury incident. Surgical resection of the aneurysm
is the most common treatment modality. However en-
dovascular treatment might be considered in a selected
group of patients.

Czynniki pro- i anty-angiogenne w zespole
stopy cukrzycowej po rewaskularyzaciji
wewnatrznaczyniowej tetnic konczyn dolnych

Martyna Schénborn, Katarzyna Bogucka,
Anna Ptotek, Patrycja Pasieka, Pawet Maga

Oddziat Kliniczny Angiologii, Collegium Medicum Uniwersytetu
Jagiellonskiego, Krakéw, Polska

Wstep: Jedna z metod terapii zespotu stopy cukrzyco-
wej (ZSC) jest przezskorna angioplastyka (PTA) tetnic
konczyn dolnych. Niemniej jednak, PTA nie zawsze
skutkuje petnym wygojeniem owrzodzenia. Zaburzenia
angiogenezy u pacjentéw z ZSC nie sg oczywiste i jed-
noznaczne. Ponadto, zmiany w stezeniach czynnikow
pro- i anty-angiogennych po PTA nie byty do tej pory
analizowane na szerszg skale.

Materiat i metody: Do badania wiaczono 21 pacjen-
téw (71,4% mezczyzn, wiek 64,6 = 1,7 roku) z ZSC,
zakwalifikowanych do PTA. Procesy angiogenne byty
oceniane przed zabiegiem oraz w trakcie pdzniejszej
obserwacji poprzez pomiar w surowicy krwi stezen
5 pro- oraz 2 anty-angiogennych czynnikéw. Ocena
kliniczna i pomiary hemodynamiczne przeprowadzano
| dzien przed oraz | dzieh po zabiegu, jak réwniez
| i 3 miesiace po PTA.

Wyniki: Podczas 3-miesiecznej obserwacji, 7 pacjen-
téw uzyskato catkowite wygojenie owrzodzen. Wsréd
analizowanych czynnikéw, poziom anty-angiogennej
angiopoetyny | byt znamiennie obnizony po PTA
w poréwnaniu ze stgzeniem przed zabiegiem (1636,9
vs. 3440,5 pg/ml, p = 0,37). Wsréd czynnikéw pro-
-angiogennych, stezenie naczyniowo-srédbtonkowego
czynnika wzrostu A (VEGF-A) istotnie spadto po zabiegu
(16,23 vs. 26,32 pg/ml, p = 0,19). Poziom czynnika
wzrostu fibroblastow (FGF) réwniez ulegt obnizeniu
po | miesiacu w poréwnaniu do stezenia przed PTA
(3,5vs. 5,9 pg/ml, p = 0,02).

Whioski: Skuteczny technicznie zabieg wewnatrzna-
czyniowy nie zawsze jest réwnoznaczny z catkowitym
wygojeniem owrzodzenia. Patomechanizm tego zjawi-
ska nie jest wciaz w petni wyjasniony, jednak zaburzenia
W neoangiogenezie podczas procesu gojenia tkanek
moze petni¢ kluczowa role. Konieczne wydaje sie prze-
prowadzenie analizy w subgrupach celem okreslenia
przyczyn powyzszych obserwacji.
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Pro- and anti-angiogenic factors
in diabetic foot syndrome after endovascular
revascularization of lower limb arteries
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Introduction: Percutaneous transluminal angioplasty
(PTA) is one of the treatment forms for diabetic foot
syndrome (DFS). However, PTA does not always result
in complete ulcer healing. Angiogenesis impairments
among patients with DFS are not always clear and con-
clusive. Moreover, changes in pro- and anti-angiogenic
factors after PTA have not been analyzed on a wider
scale.

Material and methods: The study included 21| pa-
tients (age 64.6 = 1.7 lat, 71.4% male) with diabetic
foot syndrome, qualified for PTA. Angiogenic processes
were assessed by 5 pro- and 2 anti-angiogenic factors
levels measured in the serum before PTA and during
follow-up period. Clinical condition and hemodynamical
parameters were assessed before PTA, | day, 30 days,
and 3 months after the procedure.

Results: During 3-month observation, 7 patients
achieved complete ulcer healing. Among all analyzed
factors, the level of anti-angiogenic angiopoietin | was
significantly lowered after PTA compared to the level
before the intervention (1636.9 vs. 3440.5 pg/ml, p =
0,37). However, among pro-angiogenic factors, the
concentration of vascular endothelial growth factor
A (VEGF-A) significantly decreased after PTA (16.23 vs.
26,32 pg/ml, p = 0.19). The level of fibroblast growth
factor (FGF) also significantly lowered after | month
compared to the level before PTA (3.5 vs. 5.9 pg/ml,
p = 0.02).

Conclusions: Technically successful angioplasty does
not always result in ulcer healing. The pathomecha-
nism of this phenomenon is still not fully understood,
but neo-angiogenesis disturbations in tissue repair
may play an essential role. However, analysis between
subgroups seems to be necessary to identify the causes
of obtained results.

Mnogie tetniaki rzekome tetnicy udowej
powierzchownej i podkolanowej u pacjenta
Z posocznica gronkowcowa leczonego
wczesniej za pomoca angioplastyki balonem
uwalniajacym paclitaxel z powodu restenozy
w stencie

Jacek Budzxr'\ski', Artur Mieczkowski?,

Marcin Wasielewski?, Joanna Wiéniewska?,
Oleh Matskiv?, Daria Frackowska?,
Karol Suppan’

'Katedra Choréb Naczyri i Choréb Wewnetrznych, CM UMK,
Klinika Angiologii, Szpital Uniwersytecki nr 2

im. dr. Jana Biziela, Bydgoszcz, Polska
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Wstep: Brakuje doniesien na temat ryzyka powstawania
tetniakéw rzekomych u pacjentéw leczonych DEB,
szczegdlnie mnogich.

Wyniki: 75-letni pacjent zostat przyjety (12.07.2022 r.)
z powodu nagtego bolu prawego uda w miejscu tetnia-
cego guza. W dniu 01.07.2022 r. pacjent byt wypisany
z innego oddziatu tutejszego szpitala; zalecono przyj-
mowanie migdzy innymi 40 mg prednizonu. W badaniu
USG przy przyjeciu stwierdzono liczne tetniaki rzekome
okalajace drozne stenty w prawej tetnicy udowej po-
wierzchownej i podkolanowej (implantowane 2017 r.,
DEB — 22.12.2020 r.). W badaniu angio-TK konczyny
dolnej prawej potwierdzono obecnos¢ droznych sten-
tow w tetnicy udowej powierzchownej i podkolanowe;j
oraz licznych tetniakéw rzekomych, z ktérych najwigk-
szy lokalizowat sie w 1/3 gérnej uda; prezentowat cechy
aktywnego krwawienia, miat wymiary 32 x 18 mm na
diugosci 30 mm (wielkos¢ zacieku 10 x 18 x 24 mm)
i byt otoczony skrzepling 43 x 54 x 63 mm. Wymiary
pozostatych tetniakéw rzekomych w przekrojach po-
przecznych od géry w kierunku dystalnym wynosity:
14x17;5x2;6x3;12x10; 10 x |3 mm. Obserwo-
wano wysokie wartosci CRP (292 mg/dl), a z krwi wy-
hodowano Staphylococcus aureus przy braku goraczki.
Witaczono leczenie celowane kloksacyling iv. 4 x 2 g,
odroczono zabieg wewnatrznaczyniowy. Tetniaki rze-
kome na udzie powigkszaly sie jednak, pacjent sie ane-
mizowat, wymagat przetoczen 4j koncentratu krwinek
czerwonych. W dniu 27.07.2022 roku przeprowadzono
amputacje prawej konczyny dolnej na poziomie uda
z powodu pogarszania sie stanu miejscowego i ogélnego
oraz utrzymujacej sie bakteriemii.

Dyskusja: U prezentowanego pacjenta, jako przyczyne
powstania mnogich tetniakow rzekomych tetnicy udo-
wej powierzchownej i podkolanowej po prawie 2 latach
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od zastosowania DEB, rozwazamy natozenie zakazenie
gronkowcowego stentu na toksyczny efekt paclitaxelu.

Numerous pseudoaneurysms of right
superficial femoral and popliteal arteries

in patient with Staphylococcus aureus
bloodstream infection who two years before
was treated endovascularly with paclitaxel
eluting balloon due to in-stent restenosis
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Introduction: Data concerning occurrence of pseu-
doaneurysm, especially numerous, in patients treated
with DEB and DES are lacking.

Results: Male patient, 75 y. old was admitted on |2th
of July 2022 due to sudden thigh pain and presence
of pulsatile tumor. On first of July 2022 patient was
discharged from another hospital ward. Among other
things, the use of 40 mg prednisone was recommended.
At admission numerous pseudoaneurysms circumflexing
stents implanted into superficial femoral and popliteal
arteries were found in USG examination (stenting —
2017, DEB — 12.2020). The computed tomography
angiography (CTA) of legs confirmed presence of
numerous pseudoaneurysms along superficial femoral
artery. The largest was located in |/3 upper part of
thigh and had signs of active hemorrhage (blood flow
dimensions: 32 x 18 x 30 mm; blood patch dimensions:
10 x 18 x 24 mm; and cloth: 43 x 54 x 63 mm). The
transversal dimensions of remain pseudoaneurysms
amounted to (from top to bottom): 14 x 17;5 x 2; 6 x
3; 12 x 10; and 10 x 13 mm. Moreover, among other
things, we observed: elevated C-reactive protein blood
concentration (292 mg/dl) and positive blood bacterial
cultures (Staphylococcus aureus) without fever. Culture
guided antibiotic therapy with cloxaciline 4 x 2 g i.v.
was applied, endovascular therapy was postponed,
external compression was not tolerated. Pseudoaneu-
rysms in thigh enlarged in size, patient required blood
transfusions. On July 27, 2022, the right lower limb
was amputated at the level of the thigh due to local
and general deterioration and persistent bacteremia.
Discussion: In presented case, as the cause of nume-
rous pseudoaneurysms developed in superficial femoral

and popliteal arteries after two years after DEB use,
we consider overlapping of stent infection with toxic
effect of paclitaxel.

Litotrypsja wewnatrznaczyniowa
(SHOCKWAVE) tetnicy udowej
powierzchownej i podkolanowej w leczeniu
niedokrwienia zagrazajacego utrata konczyny
pacjenta z IV stopniem kalcyfikacji naczyn
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Wstep: Zwapnienie tetnic moze dotyczy¢ btony srod-
kowej i/lub wewnetrznej naczynia i mie¢ charakter eks-
centryczny, koncentryczny lub ogniskowy. Jego nasilenie
moze decydowac o skutecznosci zabiegu rewaskulary-
zacyjnego, jego wynikach wczesnych oraz odlegtych.
W leczeniu wewnatrznaczyniowym takich pacjentow
zaleca sie: stosowanie balonéw tnacych, wysokocisnie-
niowych, stentéw o duzej sile radialnej, stentgraftow,
aterektomow rotacyjnych i kierunkowych, a ostatnio
takze litotrypsje wewnatrznaczyniowa (IVL). W Polsce
dostepne s3 tylko zestawy SKOCKWAVE dedykowane
tetnicom segmentu udowo- podkolanowego (M5), ale
wprowadzane s3 systemy do tetnic biodrowych i tetnic
goleni (M5+, S4).

Opis przypadku: Mezczyzna 72-letni zostat przyjety
z powodu niedokrwienia zagrazajacego utratg lewej
(3.12.2021, Rutherford 6) oraz prawej (31.01.2022,
Rutherford 4) konczyny dolnej. Wykonano wewnatrz-
naczyniowe zabiegi udroznienia tetnic udowych po-
wierzchownych w $wietle naczynia, a nastepnie li-
totrypsje wewnatrznaczyniowga tetnicy udowej po-
wierzchownej i podkolanowej balonem 60 x 5,5 mm
z dobrym efektem angiograficznym, bez powiktan
zatorowych, bez stosowania DEB i implantacji sten-
téw. W obserwacji ambulatoryjnej, po 6 miesigcach od
interwencji, potwierdzono utrzymywanie sie poprawy
klinicznej, a ultrasonograficznie — pierwotna droznos¢
naczyn obu ud.

Dyskusja: Do dnia dzisiejszego w Klinice Angiologii SU
nr 2 wykonano 40 zabiegéw litotrypsji wewnatrzna-
czyniowej, przewaznie u pacjentéw z niedokrwieniem
zagrazajacym utratg konczyny, z dobrym efektem
klinicznym: mediana czasu droznosci pierwotnej 272
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* 42 dni, jedna amputacja po 37 dniach od zabiegu
z powodu zmian w tetnicach goleni oraz jeden zgon
tego pacjenta (82 lata) po 35 dniach od amputacji. Nie
obserwowano innych powiktan.

Endovascular lithotripsy (SHOCKWAVE) of
superficial femoral and popliteal arteries in
therapy of chronic limb threatening ischemia
in patient with IV grade vessel calcification
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Introduction: Arterial calcification may concern both
intimal and medial vessel layer, and have form concen-
tric, eccentric and focal. Severity of arterial calcification
may affect technical success of procedure, as well as its
early and long-term outcomes. In therapy of patients
with severe arterial calcification are recommended:
cutting balloons, high pressure balloons, stents with
high radial force, stengrafts, rotational and directional
atherectomy, and recently, also endovascular lithotripsy
(IVL). The systems dedicated for femoro-popliteal va-
scular segment (M5) are available currently in Poland,
however, it is planned to provide systems for aorto-iliac
and popliteal segments (SHOCKWAVE M5+, S4).
Case report: Seventy-two years old male patient was
admitted due to chronic limb threatening ischemia of
left (Rutherford 6, 12/3/2021) and right (Rutherford
4, 01/31/2022) legs. During both procedures patency
was restored intra-luminary in superficial femoral and
popliteal arteries, and next, endovascular lithotripsy
using 60 x 5.5 mm balloons was performed, with good
direct, angiographic effect, without distal embolization,
dissection and perforation. DEB’s and stents were not
used. During 6-month ambulatory follow-up clinical
improvement maintained, and primary vessel patency
was confirmed in ultrasonography.

Discussion: Until now we performed 40 procedures of
endovascular lithotripsy, mainly in patients with chronic
limb threatening ischemia, with good clinical outcome.
Median of primary patency is 272 * 42 days, with one
amputation after 37 days after intervention due to lack
of run-off, and one death (in the same patient, 82y, old)
on 35 day after leg amputation. The other complications
were not observed.

Z deszczu pod rynne — przypadek 72-letniej
pacjentki z przewlektym niedokrwieniem
grozacym utrata konczyny
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Krakéw, Polska

’0ddziat Kliniczny Angiologii, Szpital Uniwersytecki
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Wstep: Przewlekte niedokrwienie grozace utrata
konczyny (CLTI) jest stanem klinicznym, w ktérym
w przebiegu choroby tetnic obwodowych (PAD) wy-
stepuje bdl spoczynkowy, martwica lub owrzodzenie
przez > 2 tygodni. PAD wystepuje u ponad 200 min
oséb, z czego 10% to CLT], istotnie zwiekszajace ry-
zyko zgonu sercowo-naczyniowego.

Opis przypadku: 72-letnia pacjentka obcigzona in-
ternistycznie, z obustronnym CLTI| zostata przyjeta
do rewaskularyzacji prawej konczyny dolnej. Cztery
miesigce wczesniej, po nieudanej prébie udroznienia
SFA, wszczepiono zylny pomost udowo-podkolanowy,
wykonano endarterektomig CFA i DFA oraz udroznie-
niei PTAPOP i BTK. Klinicznie wystepowata niegojaca
sie rana prawego przodostopia po amputacji 7 miesiecy
wczesniej (WIfl 6) oraz obustronny bél spoczynkowy.
Udrozniono pomost udowo-podkolanowy, co skutko-
wato przeciekiem w odcinku srodkowym, w miejscu
tym wszczepiono stent kryty. Kontrolna angiografia
wykazata wielopoziomowe naruszenie ciagtosci po-
mostu i zakontrastowanie tkanek go otaczajacych,
w zwiazku z tym do jego $wiatta podano trombine
zatrzymujac krwawienie. U chorej w ciagu godziny
po zabiegu wystapity objawy ogniskowe, ktére wraz
z wynikiem obrazowania naczyn mézgowia i perfuzji,
pozwolity na rozpoznanie udaru niedokrwiennego.
Powtoérna analiza obrazéw angiograficznych nie wyka-
zata obecnosci przetok taczacych pomost z uktadem
zylnym, a USG tetnic doglowowych i obrazowanie
serca nie uwidocznity zmian wskazujacych na zroédto
udaru. W ciagu tygodnia od zabiegu objawy ogniskowe
stopniowo ustapity, a ukrwienie konczyny dolnej prawej
byto poréwnywalne do stanu wyjsciowego.

Whioski: Rewaskularyzacja, bedaca jedyna szansa na
zachowanie konczyny, u pacjentéw z CLTI jest obar-
czona bardzo duzym ryzykiem wystapienia incydentéw
sercowo-naczyniowych w okresie okotozabiegowym.
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When bad goes worse — a 72-year-old patient
with chronic limb-threatening ischemia case
report
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Introduction: Chronic limb-threatening ischemia
(CLTI) is a clinical state when PAD coexists with rest
pain, gangrene or an ulceration > 2 weeks. There are
> 200 million of PAD patients worldwide and about
10% of them have CLTI, which significantly increases
cardiovascular risk of death.

Case report: A 72-year-old female with multiple in-
ternal diseases and bilateral CLTI was admitted to reva-
scularize right lower limb arteries. 4 months prior to
admission, the patient has undergone a right side hybrid
revascularization with a creation of femoro-popliteal
bypass using venous graft after an ineffective attempt
to recanalize SFA, CFA&amp;DFA endarterectomy and
recanalization and PTA of popliteal and BTK arteries.
Clinically there was a non-healing wound of right forefo-
ot after amputation 7 months earlier (WIfl 6) and resting
pain of both extremities. A recanalization of the venous
bypass caused a leakage in its medial part, so a covered
stent was implanted. A control angiography revealed
a multilevel destruction of the bypass with contrasting
of the surrounding tissues and because of that bovine
thrombin was injected to the lumen of the vessel. Within
an hour after procedure the patient has developed focal
signs and after brain imaging gave a diagnosis of ischemic
stroke. Re-analysis of angiographic images did not reveal
presence of fistulas between bypass and venous system,
carotid ultrasound and cardiac imaging did not reveal
any changes indicating the source of stroke. Within
one week after the surgery, the focal signs gradually
subsided and the blood supply to the right lower limb
was comparable to the baseline condition.
Conclusions: Revasularization, which is the only chan-
ce for limb preservation, is associated with very high
periprocedural risk of cardiovascular events.

Angioplastyka ujscia prawej zyly jajnikowej
jako metoda redukcji nadci$nienia wrotnego
u pacjentki z nieskutecznym endoskopowym
tamowaniem krwawienia zylakowego

do przewodu pokarmowego
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Wstep: Wewnatrznaczyniowe leczenie nadci$nienia
wrotnego polega albo na embolizacji splotéw okoto-
przetykowych (np. BRTO, balloon-occluded retrograde
transvenous obliteration) albo na przezskérnym wykona-
niu przetoki wrotno-systemowej (np. TIPS, transjugular
intrahepatic porto-systemic shunt).

Opis przypadku: 77-letnia pacjentka zostata przyjeta
do Kliniki Gastroenterologii w dniu 16.11.2021 roku
z powodu krwistych wymiotéw. Mimo codziennych en-
doskopowych zabiegéw opaskowania zylakéw przetyku
i zofadka, nie udato sie powstrzymac krwawienia do
przewodu pokarmowego wymagajacego przetaczania
2-4j. koncentratu krwinek czerwonych na dobe. W ba-
daniu angio-TK nie uwidoczniono miejsca krwawienia,
stwierdzono jednak krazenie oboczne ze znacznie
poszerzona zyta jajnikowa prawa (ZJP). Upatrujac
poszerzenie ujscia ZJP do zyly gtownej dolnej, jako
szanse poprawy odptywu krwi z krazenia trzewnego
i redukcji nadcisnienia wrotnego, w dniu 25.11.2021
roku chora zakwalifikowano do zabiegu angioplastyki
ujécia ZJP balonem 4 mm, uzyskujac szybki odptyw,
wczesniej zalegajacego kontrastu w ZJP Krwawienie
ustapifo i chora nie wymagata przetoczen. Pacjentka
zmarta jednak w przebiegu ,,$piaczki watrobowej”
w dniu 03.12.2021 roku.

Dyskusja: W omawianym przypadku analiza fazy
zylnej angio-TK pozwolita na uwidocznienie wzgled-
nego zwezenia zyly jajnikowej, ktéra zostata uznana
za miejsce naturalnego, ale niewydolnego shuntu
wrotno- systemowego. Angioplastyka ujscia prawej zyty
jajnikowej spowodowata zatrzymanie utrzymujacego
sie krwawienia, najwyrazniej jednak nasilita ,,przeciek”
neurotoksyn do krazenia systemowego, stajac sie, obok
krwi zalegajacej w przewodzie pokarmowym, jednym
z czynnikéw zaostrzajacych encefalopatie watrobowa;
ta, z kolei, doprowadzita do zgonu chore;j.

120 www.journals.viamedica.pl/acta_angiologica



XV Kongres Polskiego Towarzystwa Angiologicznego

Right ovarian vein angioplasty as a method
of reduction in portal hypertension in female
patient with variceal bleeding into digestive
tract and inefficient endoscopic treatment
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Introduction: Endovascular treatment of portal hy-
pertension rely on either sclerotherapy/coiling of pe-
riesophageal varices (e.g. balloon-occluded retrograde
transvenous obliteration, BRTO) or percutaneously
making portosystemic shunt (e.g. transjugular intrahe-
patic porto-systemic shunt, TIPS).

Case report: Female patient, 77 years old was admit-
ted to Clinic of Gastroenterology on November 16,
2021, due to bloody vomiting. Numerous procedures of
variceal banding failed and maintained variceal bleeding
required everyday blood transfusions due to anemia.
Computed tomography visceral angiography (CTVA)
showed in venous phase collaterals of visceral veins
anastomosed with significantly dilated right ovarian vein
(ROV). We assumed that angioplasty of ROV ostium to
vena cava inferior, which was too narrow in relation to
blood excess in visceral circulation, might be the way for
improvement in visceral blood outflow and reduction in
portal hypertension. Such procedure was performed on
November 25, 2022 from jugular access with balloon
I4mm, achieving fast outflow of contrast from ROV to
vena cava. During clinical observation the hemorrhage
to digestive tract stopped, patients did not require
blood transfusion. However, patient died on December
03, 2021, due to exacerbated liver encephalopathy.
Discussion: In presented case, the venous phase of
CTVA made possible to image relative narrow ROV
ostium, which was assumed as natural but insufficient
portosystemic shunt. ROV ostium angioplasty leaded
to stopping of variceal bleeding, however we cannot
exclude, that, at the same time, it increased the leak
of endotoxins, escalating liver encephalopathy, which,
in turn, caused patient’s death.

Udroznienie zyly podobojczykowej za pomoca
teleskopowego systemu Navicross
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Wstep: Powiktaniem zatozenia cewnika dializacyjnego
do zyty centralnej moze by¢ jej zwezenie lub niedroz-
nos¢.

Opis przypadku: Pacjentka lat 45, dializowana na cew-
niku permanentnym w prawej zyle szyjnej wewnetrz-
nej od stycznia 2021 roku, po wytworzeniu przetoki
tetniczo-zylnej na prawym ramieniu (05.02.2021 r.),
zostata przyjeta do Kliniki w dniu 22.02.2022 roku
z powodu nagtego obrzeku konczyny gérnej prawe;,
zylnego krazenia obocznego na scianie klatki piersio-
wej oraz tetniakéw ramienia zylnego przetoki. Zabieg
wewnatrznaczyniowy wykonano z dostepu przez
ramie zylne przetoki. Udato sie pokona¢ niedroznos¢
zyty podobojczykowej i ramienno-gtowowej lewe;j
prowadnikiem 0,014”, ale nie mozna byto przeprowa-
dzi¢ cewnika. W celu zwiekszenia ,,sity podparcia”, na
cewnik Naviscross 0,018 natozono ,teleskopowo”
drugi cewnik do udroznien Navicross 0,035”. Dzieki
temu potaczeniu udato sie wprowadzi¢ cewniki do
zyty gtéwnej gornej, a w jego $wietle przeprowadzi¢
sztywny prowadnik 0,035”, co umozliwito wykonanie
angioplastyki zylnej balonem 4, 10 i |4 mm z do-
brym efektem angiograficznym, IVUS i klinicznym. Po
3 miesigcach doszfo do nawrotu niedroznosci zyty i tym
razem nie udato si¢ udrozni¢ naczynia. Chora poprosita
o podwiazanie przetoki z powodu utraty funkcjonalno-
$ci dfoni prawej.

Dyskusja: Nie mozna wykluczy¢, ze catkowitemu
zamknieciu zyty ramienno-glowowej prawej i utracie
dostepu do dializ zapobiegtaby kolejna, ale wczes-
niejsza angiografia z implantacja krétkiego stentu lub
angioplastyka balonem uwalniajacym paclitaxel, ale
odpowiedniego stentu nie posiadano, a balony leko-
we dedykowane do zyt centralnych nie s3 dostepne
w Polsce. W wiekszosci przypadkéw standardowa
angioplastyka ramienia zylnego przetoki dializacyjnej
zapewnia jej droznos¢ na 3—6 miesiecy.

www.journals.viamedica.pl/acta_angiologica 121



Acta Angiol, 2023, Vol. 29, No. 3

Subclavian vein patency restoration using
telescoping Navicross system
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Introduction: A complication of a dialysis catheter in-
sertion may be narrowing or occlusion of central veins.
Case report: Forty-five years old female patient,
who was dialyzed using dialysis catheter inserted to
right jugular vein since January 2021, after creation of
arterio-venous fistula, brachial-cephalic (02/05/2021
r.), was admitted on February 22, 2022, due to sudden
oedema of upper limb, collaterals on chest wall, and
aneurysms of venous branch of fistula. Endovascular
procedure was performed through 6F access via right
cephalic vein. Subclavian and brachiocephalic vein oc-
clusion was crossed using guidewire 0,014, however
it was impossible to put catheter through. To increase
support power the catheter Navicross 0.035” was put
telescoping on catheter 0.018”. Vena cava superior was
reached and guidewire 0.035”’ can be carried through.
Venous angioplasty was performed using 4, 10 and 14
mm balloon catheter with good angiographic and IVUS
result. Clinically disappearance of right arm swelling
and improvement in dialysis quality indices was achie-
ved. After 3 months symptoms recurred, and rescue
procedure failed. Patient asked for fistula ligation due
to loss of right-hand functionality.

Discussion: We cannot exclude that occlusion of right
subclavian vein and loss of vascular access for dialysis
could be prevented thorough earlier elective venous an-
gioplasty with drug eluting balloon (DEB), and/or use of
dedicated short stent. However, such accessories were
no available in Poland. In majority cases, venous branch
angioplasty of arterio-venous fistulas for dialysis help to
maintain its patency and functionality for 3—-6 months.

Przetoka tetniczo-zylna w nerce prawej jako
przyczyna niewydolnosci prawej komory serca
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Wstep: Przetoka tetniczo-zylna w krazeniu duzym jest
wymieniana jako przyczyna przewlektej niewydolnosci
serca (CHF) ze zwiekszona pojemnoscia minutowa
serca.

Opis przypadku: 45-letnia kobieta zostata przyjeta
do Kliniki Ginekologii 27.03.2022 roku z powodu
podejrzenia nowotworu jajnika prawego. Pacjentka
byta konsultowana przez angiologa z powodu szme-
ru skurczowego w jamie brzusznej stwierdzonego
przez kardiologa podczas kwalifikacji do zabiegu.
W 01.2022 roku rozpoznano u niej prawokomorowa
CHFE W badaniu echokardiograficznym stwierdzono
miedzy innymi poszerzenie prawej komory serca, ciez-
ka niedomykalnos¢ zastawki tréjdzielnej (SPS 55 mm
Hg). W angiologicznym badaniu USG jamy brzusznej
przy przyjeciu stwierdzono wodobrzusze, poszerzenie
zyty nerkowej prawej i zyty gtownej dolnej od poziomu
jej odejscia oraz poszerzenie UKM nerki prawej, w kto-
rym stwierdzono niskooporowy przeptyw. Wysunieto
podejrzenie przetoki tetniczo-zylnej nerki prawej, co
potwierdzita ponowna analiza angio-TK ze stycznia
2022 roku. Chora zakwalifikowano do implantacji
stentgraftu (BeGraft Peripheral, Bentley, 6,0) do tetni-
cy nerkowej prawej. W trakcie zabiegu doszfo jednak
do perforacji naczynia i konieczna byta embolizacja
tetnicy nerkowej. Podczas wizyty kontrolnej w dniu
15.07.2022 roku chora nie prezentowata objawow
CHEF, nerka prawa o dtugo$ci 65mm miata prawidiowa
echostrukture. Stezenie kreatyniny i markeréw no-
wotworowych Cal25, HE4 byto w normie. Badanie
echokardiograficzne byto prawidtowe.

Dyskusja: Badanie fizykalne jamy brzusznej byto
kluczowe dla rozpoznania przetoki tetniczo-zylnej
w nerce prawej, gdyz zmiany USG w nerce mozna byto
traktowaé jak poszerzenie UKM, tatwe do wyttuma-
czenia obecnoscia guza jajnika. Wewnatrznaczyniowe
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zamkniecie przetoki tetniczo-zylne wyleczyto chora
z CHF.

Arterio-venous fistula in right kidney
as a cause of right heart failure
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Introduction: Arteriovenous fistula in a systemic circu-
lation is listed as a cause of chronic heart failure (CHF)
with increased ejection fraction and cardiac output.
Case report: Female, 45-years old patient was ad-
mitted on March 27, 2022 to Clinic of Gynecology
due to suspicion of right ovarian cancer. Patient was
consulted by angiologist because of abdominal murmur.
In 01/2022 she was hospitalized in another voivodship
and was diagnosed as having exacerbated CHF of right
ventricle. In echocardiography were found, e.g.: signi-
ficant right ventricle dilatation, severe tricuspid insuffi-
ciency (SPS 55 mm Hg). In abdominal ultrasonography
performed by angiologist at admission were found,
e.g.: ascites, extension of right renal vein and cava
vein, dilated pelvicalyceal system of right kidney with
low-resistant blood flow in Doppler imaging. Presence
of renal arteriovenous fistula was suspected. It was
confirmed in renal hilus in reanalysis of CTA imaging
made in 01/2022. Patient was qualified for stent graft
implantation (BeGraft Peripheral, Bentley, 6.0). The
endovascular procedure was complicated by rupture
of renal artery, therefore distal part of renal artery
embolization was necessary. During control visit on
July 15, 2022, patient was asymptomatic. In USG, right
kidney was diminished (65 mm, corex-12 mm). Blood
creatinine and cancer biomarkers (Cal25, HE4) con-
centrations normalized; echocardiography was normal.
Discussion: In this case physical examination (abdo-
minal murmur) was a key point in diagnosis of arte-
riovenous fistula, because without it, the ultrasound
findings of right kidney might be recognized only as
dilated pelvicalyceal system secondary to right ovarian
tumor. Endovascular closure of arteriovenous fistula
healed cardiac failure in this patient.

Zespoét antyfosfolipidowy natozony na trzewna
postaé choroby Takayasu
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Wstep: Choroba Takayasu, jako schorzenie autoimmu-
nologiczne, moze ona przebiega¢ w postaci zespotow
naktadania.

Opis przypadku: Mezczyzna 40-letni zostat przyjety
14.09.2010 roku z powodu martwicy palcéw stopy
prawej. W angio-TK rozpoznano owrzodzenie aorty,
niedroznos¢ pnia trzewnego i tetnicy krezkowej gérne;.
Wykonano badania w kierunku trombofilii, zapalen na-
czyn i choréb tkanki tacznej, ktére wypadty negatywnie.
Zalecono leczenie przeciwmiazdzycowe, hipotensyjne
oraz warfaryne. W obserwacji ambulatoryjnej owrzo-
dzenia palcow wygoity sie, a obraz kliniczny zdomino-
wato oporne nadci$nienie tetnicze na podfozu zwezenia
prawej tetnicy nerkowej, ktéra stentowano w dniu
02.10.2015 roku. W dniu 08.12.2016 roku pacjenta
hospitalizowano z powodu marskosci nerki prawej
(niedroznos¢ stentu), progresji zwezenia aorty. W dniu
15.02.2017 roku pacjenta hospitalizowano z powodu
powierzchownych owrzodzen konczyn dolnych (stopy,
golenie, uda). W badaniach laboratoryjnych stwierdzo-
no wzrost miana 3 biomarkeréw zespotu antyfosfoli-
pidowego (APS). W kwietniu 2017 roku pacjent zostat
ponownie przyjety z powodu zespotu nerczycowego
(biatkomocz 7,5 g/d|, kreatynina 4,2 mg/dl). Po wiacze-
niu steroidoterapii w ciagu tygodnia uzyskano redukcje
biatkomoczu. Po 3 miesigcach, rozpoznano APS, wia-
czono ASA z warfaryng Owrzodzenia konczyn dolnych
wygoily sie¢ po 3—4 miesiacach. Do czerwca 2022 roku
pacjent pozostawat w stanie stabilnym, leczony miedzy
innymi azatiopryna | x 50 mg, aspiryna, warfaryna.
Dyskusja: Trzewna posta¢ choroby Takayasu moze
objawiac sie zatorowoscia obwodowa, nadcisnieniem
tetniczym, a zespét antyfosfolipidowy- owrzodzeniami
skérnymi i martwica o lokalizacji nietypowej dla niedo-
krwienia, ktére zagojono leczeniem immunosupresyj-
nym i przeciwzakrzepowym.
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Antiphospholipid syndrome overlapping
visceral form of Takayasu disease
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Introduction: Takayasu disease, as autoimmunological
disease it can course with overlapping syndromes.
Case report: Forty years old male patient was admit-
ted on 09/14/2010, due to toes necrosis of right foot.
In computed tomography angiography (CTA) imaging
were found: aorta ulcer, occlusion of visceral trunk and
superior mesenteric artery. Thrombophilia, vasculitis,
and connective tissue diseases were not confirmed. An-
tiatherogenic, hypotensive therapy and warfarin were
recommended. Toys ulcers healed, but the main clinical
problem was resistant hypertension cause by right re-
nal artery stenosis, which was stented on 10/2/2015.
On 12/8/2016, patient was hospitalized due to right
kidney cirrhosis (stent occlusion). On 02/15/2017,
patient was admitted due to fast progressing leg skin
ulcers. In laboratory examinations elevated titre of
3 biomarkers of antiphospholipid syndrome (APS). In
April of 2017 patient was readmitted due to signs of
nephrotic syndrome (daily proteinuria 7.5 g/day, creati-
ne — 4.2 mg/dI). After steroidotherapy proteinuria was
reduced; APS was diagnosed after obtaining repeated
positive blood biomarkers after 3 months; aspirin and
warfarin were recommended again. Leg skin ulcers
healed after 3—4 months. Until June 2022 patient remain
in good state. Patient is treated, i.a. with azathioprine
I x 50 mg, aspirin, and warfarin.

Discussion: Visceral form of Takayasu disease may ma-
nifest as blue toe syndrome, and arterial hypertension.
Antiphospholipid syndrome may lead to occurrence of
leg skin superficial ulcers with localization not typical
for leg ischemia, which can be managed with immuno-
suppressive therapy and anticoagulants.

Tetnica promieniowa jako alternatywny
dostep do zabiegu angioplastyki i stentowania
tetnic obwodowych
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Karol Suppan, Jacek Budzynski
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im. dr. Jana Biziela, Bydgoszcz, Polska

Wstep: Zabiegi obwodowe najczesciej przeprowadza
sie z dostepu pachwinowego, systemem 6F. Celem
zmniejszenia liczby powikfan miejscowych wprowadza
sie systemy nisko-profilowe (4F) z dostepu promie-
niowego.

Opis przypadku: 59-letni pacjent zostat przyjety z po-
wodu chromania prawej konczyny dolnej. W USG oraz
angio-TK uwidoczniono niedrozno$¢ prawe;j tetnicy
biodrowej wspoélnej. W dniu 23.02.2022 roku naktuto
lewa tetnice promieniowa i wprowadzono introduk-
tor 4F, 90 cm do dystalnego odcinka aorty brzusznej.
Za pomoca prowadnika Glidewire Advantage™ oraz
cewnika Rubicon™ (0,014”) pokonano niedroznos¢
prawej tetnicy biodrowej. Po predylatacji balonem
3 mm implantowano stent Astron-Pulsar™ 7 x 60 mm.
W angiografii kontrolnej uwidoczniono prawidtowo
posadowiony stent i brak zwezenia rezydualnego.
W miejscu wktucia nie obserwowano krwiaka ani cech
tetniaka rzekomego. W kontroli po 3 miesiacach od
zabiegu pacjent nie zgtaszat chromania, potwierdzono
w USG droznos¢ stentu.

Dyskusja: Zmiana standardowego dostepu naczynio-
wego na promieniowy umozliwita osiagniecie sukcesu
technicznego przy uzyciu niskoprofilowego systemu
oraz przyspieszyta uruchomienie chorego i jego po-
wrot do sprawnosci. Wykorzystanie takiego dostepu
poprawia bezpieczenstwa zabiegu, skraca czas hospi-
talizacji, unieruchomienia i utrzymywania opatrunku
uciskowego.
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Radial artery as an alternative access
to angioplasty and arterial stenting
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Introduction: The most frequently used vascular
access for angioplasty procedures is the ipsi- or con-
tralateral femoral artery with the use of 6F introducers.
Low-profile systems are increasingly used to reduce
the number of local complications. Changing access
point to the radial artery, as in coronarogrphy, can
also reduce complications and improve comfort. The
described case shows a patient undergoing successful
angioplasty and stenting of the common iliac artery
using radial artery access.

Case report: A 59-year-old patient was admitted due
to claudication of the right leg. The USG-Doppler and
computed tomography angiography examinations sho-
wed an occlusion of the right common iliac artery. On
February 23, 2022, the left radial artery was punctured
and the 4F 90 cm introducer was introduced into the
distal segment of the abdominal aorta. The occlusion
was crossed with the Glidewire Advantage TM and the
Rubicon TM catheter (0.014”), then after predilatation
with a 3mm balloon catheter, the Astron-Pulsar TM 7 x
60 mm stent was implanted. Final angiography showed
a correctly positioned stent with no residual stenosis.
There was no hematoma or pseudoaneurysm at the
injection site. During the standard follow-up, 3 months
after the procedure, the patency of the stent was con-
firmed by USG and clinically resolved from intermittent
claudication.

Discussion: The change of the vascular access to the ra-
dial artery made it possible to achieve technical success
with the use of a low-profile system and accelerated
the patient’s mobilization and recovery. The use of such
access contributes to the improvement of procedure
safety, shortening the length of hospitalization, immo-
bilization and compression.

Angioplastyka balonowa tetnicy udowej
powierzchownej z wykorzystaniem dostepu
poprzez kolaterale
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Wstep: Osiagniecie sukcesu technicznego zabiegu
wewnatrznaczyniowego w 20% wymaga naktucia ob-
wodowego. Wiaze sie ono z wydtuzeniem procedury,
wzrostem ryzyka powiktan. W opisywanym przypadku
udroznienie retrograde przeprowadzono, wykorzystu-
jac kolaterale faczaca tetnice gteboka uda (PFA) z tetnica
udowa powierzchowng (SFA).

Opis przypadku: W dniu 02.02.22 roku u 67-letniego
mezczyzny wykonano zabieg endowaskularny z po-
wodu niegojacej sie martwicy palcow lewej konczyny
dolnej. W angiografii uwidoczniono niedroznosé¢ od
odejscia lewej SFA, a przeptyw odtwarzat sie w dystal-
nym odcinku tetnicy. Podjeto probe standardowego
udroznienia, jednak nie udato sie wprowadzi¢ prowad-
nika do kikuta proksymalnego SFA. Wobec uwidocznie-
nia szerokiej kolaterali PFA, taczacego sie z droznym
odcinkiem SFA zadecydowano o prébie udroznienia
wstecznego ta droga. Z wykorzystaniem cewnikéw
Vert oraz Rubicon™ przeprowadzono prowadnik Asahi
Gladius™ 0,014” do SFA i wykonano wsteczne udroz-
nienie, nastepnie przeprowadzono balon Sapphire Pro™
I,5 mm i wykonano predylatacje. Nastepnie z pradem
krwi, przeprowadzono kolejny prowadnik i wykonano
angioplastyke balonowga cewnikami balonowymi 3 mm
i 6 mm z dobrym efektem. W angiografii kontrolnej SFA
byta drozna, niezwezona, nie obserwowano powiktan.
W standardowej kontroli po 3 miesigcach uwidoczniono
prawidtowa droznos¢ SFA, bez cech restenozy a klinicz-
nie uzyskano wygojenie ognisk martwicy.

Dyskusja: W omawianym przypadku wykorzystanie
kolaterali do udroznienia wstecznego ograniczyto ko-
niecznos$¢ naktuwania innych tetnic i zwigzanego z tym
ryzyka ich uszkodzenia, co jest szczegdlnie niepozadane
u pacjentow z zespotem stopy cukrzycowej.
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Introduction: Technical success of endovascular
procedure due to chronic total obstruction requires
a peripheral access in 20%. However, puncture of an
peripheral vessel is associated with the prolongation
of procedure, and increased risk of complications. In
the described case, retrograde revascularization was
performed using collaterals connecting the branch of
the profunda femoris artery (PFA) with the superficial
femoral artery (SFA).

Case report: On 02/02/2022 in 67-year-old patient
endovascular revascularization of left lower limb due
to non-healing finger necrosis. Angiography revealed
an occlusion of the left SFA with no visible stump and
the flow was reconstructed in the distal segment of
the SFA. An insertion of guidewire into the proximal
stump of the SFA failed. Due to the visualization of the
wide collateral vessel of the PFA, connecting with the
patent segment of the SFA, it was decided to attempt
to retrograde restoration using this route. With the
use of Vert and RubiconTM catheters, the Asahi Gla-
diusTM 0.014” wire was carried out into the SFA and
retrograde revascularization was performed. Then the
Sapphire ProTM |.5mm balloon catheter was delivered
and predillation was performed. Then, thorough the
bloodstream way, another guidewire was delivered
and balloon angioplasty was performed with 3 and
6 mm balloon catheters gathering good angiographic
results. On control angiography, the SFA was patent,
and no complications were observed. Standard control
after 3 months showed patency of the SFA, without
restenosis, and clinically healing the necrosis foci and
prolonged claudication distance.

Discussion: In the discussed case, the use of collaterals
for retrograde revascularization reduced the need to
puncture other arteries and the risk of their damage.

Ocena jakosci zycia pacjentek z zespotem
biernego przekrwienia miednicy mniejszej
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Wstep. Przewlekty bol miednicy dotyka okoto 25%
kobiet, jedna z przyczyn jest zespoét przekrwienia
biernego miednicy (PCS) w nastepstwie niewydolnosci
zyt i splotéw zylnych miednicy mniejszej. Rozpoznanie
opiera sie na podstawie objawéw oraz badan obrazo-
wych USG + doppler, CT, NMR zyt miednicy. Epidemio-
logia oraz wptyw na jakos¢ zycia kobiet jest w dalszym
ciagu niewystarczajaco zbadana. Celem badania bytfa
ocena jakosci zycia pacjentek z PCS.

Materialy i metody: W badaniu wziety udziat pacjentki
przyjmowane na Oddziat Angiologii celem leczenia we-
wnatrznaczyniowego metoda embolizacji zyt miednicy.
Zostaty poproszone o wypetnienie kwestionariusza
opracowanego przez Uniwersytet w Manchesterze
odpowiednio przettumaczony przez nasz zespét oraz
dostosowany do jezykowo do grupy odbiorcéw.
Wyniki: 81% pacjentek zgfaszato dolegliwosci jak bol
i dyskomfort, a 63% doswiadczato przewlektego bdlu
miednicy przez ponad 3 miesiagce. Bol wystepowat
podczas menstruacji (57,6%), a takze przez reszte
miesiaca u ponad potowy badanych (50,8%), przy de-
fekacji (30,5%) i podczas stosunku seksualnego (46%).
Negatywne konsekwencje bolu miednicy obejmowaty
utrate apetytu (50,8%) oraz zaburzenia snu (73%).
Prawie 2/3 pacjentek twierdzito, ze nie jest w stanie
przezwyciezy¢ bolu — 40% kobiet prébowato ztago-
dzi¢ objawy poprzez przewlekte stosowanie niesteroi-
dowych lekéw przeciwzapalnych lub opioidéw. Srednia
samoocena jakosci zycia w skali VAS (1-100) wyniosta
70 i byta znaczaco nizsza niz w populacji polskiej (81,4).
Whioski: Badanie wykazato, ze przewlekty bél mied-
nicy ma negatywny wptyw na jakos¢ zycia kobiet.
Odpowiednia diagnostyka i rozpoznawanie schorzenia
oraz leczenie objawow, a takze przyczyn lezacych uich
podtoza powinny by¢ dostepne i powszechnie stoso-
wane przez lekarzy praktykéw.
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Introduction: Chronic pelvic pain affects almost 25%
women worldwide. One of its causes is pelvic vein
incompetence (PVI) which impacts about 15-20% of
women’s lives, yet its epidemiology and quality of life
(Qol) in these patients is very poorly studied. The
aim of our study was to assess the quality of life in the
patients suffering from pelvic venous disorders.
Materials and methods: In study we enrolled women
admitted to Department of Angiology for endovascular
treatment. All women were requested to fill special
questionnaire based on disease-specific symptoms form
designed by University of Manchester.

Results: As many as 81% of the respondents repor-
ted ailments such as pain and discomfort on the day
of answering the questionnaire. Furthermore, 63%
of the questioned women experienced chronic pelvic
pain for over 3 months. The reported pain occurs not
only during menstruation (57.6%) but throughout the
rest of the month as well in over half of the responders
(50.8%). It is often immersed with defecation (30.5%)
and sexual intercourse (469%). The negative consequen-
ces of the pelvic pain included loss of appetite (50.8%)
and sleep disturbances (73%). Almost two-thirds of
the patients claimed not to be able to overcome the
pain. As a consequence 40% of women attempted to
alleviate the symptoms by taking the medication. Mean
self-assessed quality of life on VAS scale (1-100) equaled
70 lower than Polish general population (81.4).
Conclusions: The study revealed that chronic pelvic
pain caused by PeVD often compels women to submit
their everyday lives to it. Therefore, prompt diagnosis
and efficient treatment of not only symptoms, but also
the underlying causes should be readily available as it
could directly contribute to increasing the QoL of the
patients with PeVD.
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