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SUCCESSFUL APPLICATION OF ENDOVENOUS RADIOFREQUENCY ABLATION IN

TREATMENT OF VARICOSE VEINS

YCIHHEHIHA IPUMEHA HA EHIOBEHO3HATA PAJUO®P®PEK®EHTHA ABJIAIINJA BO

TPETMAHOT HA BAPUKO3HHU BEHU

Andreja Arsovski', Kire Jovanovski, Stefan Nikolov' and Elena Mircheska Arsovska’

'Clinical Hospital Acibadem Sistina in Skopje, 2University Clinic for Dermatology, Faculty of Medicine, Ss.
Cyril and Methodius University in Skopje Skopje, Republic of North Macedonia

Abstract

Introduction. Varicose veins in the lower extremities
involve the great and small saphenous veins and their
tributaries between the fascia and the skin. Varicose veins
are characterized by subcutaneous dilated, tortuous veins
greater than or equal to three millimeters, involving the
saphenous veins with reflux of blood, saphenous tribu-
taries, or non-saphenous superficial leg veins with age
and family history considered important risk factors. For
several reasons, including cosmetic complaints and
complications with thrombosis formation, varicose
veins should be treated.

Methods. This study included 1053 patients treated for
varicose veins and varicosites of the lower extremities
in the period between November 2009 and November
2023. Endovenous minimal-invasive approach were used
along with endovenous laser ablation (EVLA) and ra-
diofrequency ablation (RFA).

Results. Of the total number of treated patients recu-
rrence appeared in about 3% (31 cases): in 18 cases
caused by presence of accessory VSM, in 7 cases be-
cause of insufficiency and treatment of all 4 venous
junctions and in 6 cases due to large dimensions of
VSM (>2.1 cm).

Keywords: varicose veins, saphenous veins, reflux

Ancrpakr

BoBen. Bapuko3HuTe BeHU Ha TOTHUTE €KCTPEMHUTETH
TH BKJIIydyBaaT TojleMaTa W Maara caeHCKa BeHa KaKo
W HUBHUTE NPUTOKU MoMery daciujata u Koxxara. Ba-
PHKO3HUTE BEHHU C€ KapaKTepU3UPaHH CO CyOKyTaHO
IUIIATHPAaHU, TOPTYO3HU BEHH €THAKBH HIIH ITOTOJICMHU
01 3MM, BKJIYYUTEIHO caeHCKUTE BEHU CO pediyKc
Ha KPB, HUBHHUTE TPUTOKHM WJIH HE-Ca)CHCKU MOBPIIINH-
CKH BEHHU Ha HO3ETE KaKO BO3PACT M CEMEjHa HCTOpHja
ce Ba)XHH pI3UK (paxtopu. Ilopaaym KO3METHYKH aceKT

Correspondence to:  Andreja Arsovski, Clinical Hospital Acibadem
Sistina, 1000 Skopje R. N. Macedonia; E-mail: arsovskia@yahoo.com

U KOMIUTHKAIIMU CO BEHCKAa TPOMO03a, BapUKO3HUTE
BeHH Tpeda J1a ce TpeTupaar.

Metoau. Bo cryamjara ce anaiausupadu 1053 naruen-
TH TPETHPAHH TOPaIM BApPUKO3HU BCHU M BapUKO3H-
TETH Ha JOJHUTE CKCTPEMHUTETH BO IEPIUOIOT O]
roemBpHu 2009r. no moemBpu 2023r. Ce kopumcreme
€HIIOBEHO3EH, MUHIMAITHO-HHBA3UBEH IIPUCTAI CO KO-
pHCTEE HA EHIOBCHO3HA jTacepcka abmamuja (EVLA)
M €eHJ0BEHO3HA paarodpeksenTHa admanuja (PDA).
Pesyararu. On BkynmHaTa Opojka Ha HAIlMEHTH KOHU
Oea TpeTupaHu peluanBY ce mojasuie kaj 3% (31 cuy-
Yyau) 1 Toa: 18 ciyyau mopamyu MpUCyCTBO Ha aKIECop-
Ha BCM, Kaj 7 nwI1a mopaay mocToemhe Ha HHCYDyIeH-
IMja Ha cuTe 4 BEHCKH YCTHja U MOXKHOCT 3a ITOCTOCH:C
HEETeKTUPaHH M3BOPU Ha pediykc Kako u 6 Juia
nopanu HeycnemHocT Ha POA Bo TpeTMaHOT mopaau
[IOTOJIEMH JUMEH3UM Ha BeHaTa >2.1cm.

Kiyynu 360poBu: BApUKO3HU BEHH, CAQ)CHCKH BEHH,
pediykc.

Introduction

Varicose veins are abnormal, enlarged and tortuous
vessels in the legs and feet. Varicose veins or enlarged
veins occur when the blood vessels just under the skin
become larger, crooked, bulging, increasingly visible
and blue or dark purple in color.

Approximately 40% of the population faces this prob-
lem at some point in their lives, and it is much more
common among women.

Anatomy

The venous system of the lower extremities consists of
superficial, deep, perforating and communicating veins.
The superficial veins of the lower extremity originate
in the subcutaneous tissue. There are two main superfi-
cial veins-the great saphenous vein and the small sa-
phenous vein.

The great saphenous vein is formed by the dorsal ve-
nous arch of the foot and the dorsal veins of the big
toe. It travels up the medial side of the leg, passing in
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front of the medial malleolus of the ankle and moving
to the medial condyle of the knee. As the vein moves
up the leg, it receives tributaries from other small su-
perficial veins. The great saphenous vein ends by draining
into the femoral vein below the inguinal ligament. The
small saphenous vein is formed by the dorsal venous
arch of the foot and the dorsal vein of the little toe. It
moves up the back of the leg, passing behind the la-
teral malleolus, along the lateral border of the calca-
neal tendon. At the level of the knee, the lesser saphe-
nous vein passes between the two heads of the gas-
trocnemius muscle and drains into the popliteal vein in
the popliteal fossa.

The anatomy of the superficial venous system in pa-
tients with valvular insufficiency shows a number of
variations such as a high extrafascial origin, the exis-
tence of one or more accessory veins, and perforating
insufficiency of one or more perforating communica-
tions. They are Cockett’s perforator (distal, middle and
proximal), Boyd's and Dodd's perforator.

Physiology

The role of the venous system is to collect deoxygena-
ted blood from the tissues and drain it to the right atrium.
Several factors affect the proper function of this sys-
tem: venous valves, the muscle pump bellow the knee,
hydrostatic venous pressure, respiratory modulated
intrathoracic pressure, cardiac factors.

Varicose veins of the lower extremities occur as a
result of chronic valvular weakness of the superficial
venous system. Dysfunction or incompetence of the
valvular apparatus results in pathological retrograde
flow, the so-called reflux.

When reflux occurs, there is an increase in the pre-
ssure gradient and a retention of blood distally, as a re-
sult of which the veins expand, they become tortuous,
and with the prolonged existence of this condition, infla-
mmatory changes in the venous blood vessels appear.

Risk factors

There are numerous risk factors for the appearance of
varicose veins including: genetic factors, gender, age,
profession, increased body weight, increased intra-ab-
dominal pressure (pregnancy), physical activity/inac-
tivity, hormonal status, cigarette smoking, infections,
pelvic trauma, and others.

Signs and symptoms

Most often, the first signs and symptoms appear in the
third and fourth decade of life. These are: heaviness in
the legs, fatigue, pain and cramps in the legs, redness,
swelling that indicates inflammation-thrombophlebitis,
change in the color and quality of the skin, reduced
hairiness of the skin over varicose veins, bleeding

from varicosities, venous ulcers, wounds at the site of
existing varicosities.

Materials and methods

The diagnostic algorithm in this study consisted of the
past medical history, physical examination and func-
tional tests.

Physical examination included standing inspection,
palpation of changes, and auscultation if needed.
Functional tests served to assess the flow rates and the
degree of venous reflux.

There are several tests for examination of the func-
tional condition of the veins of the legs, which today
have lost their practical significance and are very ra-
rely performed. The following functional tests are used:
plethysmography for routine clinical examination and
a basis for recommending adequate treatment.
(measurement of the regularity of blood flow in the
examined limb by comparing it with the results
obtained during the examination of a healthy limb),
phlebography (x-ray imaging of varicosities with
contrast injection), radioisotope scintigraphy, com-
puterized angiography and magnetic angiography that
are rarely indicated.

The gold standard in the diagnosis of varicose veins
is color duplex Doppler ultrasonography (CDD)

It is performed in a standing or lying position (reverse
Trendelenburg). Both positions enable an increase in
hydrostatic pressure even in patients with incompetent
valves, and the veins dilate and become more clearly
visible.

The examination begins with showing the common
femoral vein in the inguinal fossa, then the sapheno-
femoral junction is assessed; the great saphenous vein
is examined distally, i.e., to the foot. The popliteal vein in
the popliteal fossa with the opening of the lesser sa-
phenous vein is also visualized.

The examination techniques are: proximal compre-
ssion and the Valsalva maneuver to determine the exis-
tence of reflux which speaks of valvular incompetence.
Reflux longer than 0.5 seconds measured in a standing
position is considered pathological. The compressibili-
ty of venous blood vessels, flow spontaneity, respire-
tory modulation as well as distal compression are also
assessed to determine the degree of flow changes that
confirms or excludes the existence of venous blood
vessel obstruction due to a thrombotic process. During
the examination, the deep veins are also examined in
order to determine their condition. The testing is safe
for patients, can be repeated several times and has a
high percentage of specificity and sensitivity.

Because of the wide variety in the definition of chronic
venous disorders, the CEAP (Clinical-Etiology-Ana-
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Table 1. Guide to CEAP classification
CEAP Classification System and Reporting Standard

Revision 2020
C (Clinical Manifestations), E (Etiology), A (Anatomic Distribution), P (Pathophysiology)

co No visible or palpable signs of venous disease
(o] Telangiectasias or reticular veins
c2 Varicose veins

C2r | Recurrent varicose veins

Cc3 Edema

C4 Changes in skin and subcutaneous tissue secondary to chronic venous disease

C4a | Pigmentation or eczema

C4b | Lipodermatosclerosis or atrophie blanche

C4c | Corona phlebectatica

[ o Healed

cé6 Active venous ulcer

Cér | Recurrent active venous ulcer

y _Journal of
Vascular Surgery

¥ Venous and Lymphatic Disorders Copyright © 2020 by the Society for Vascular Surgery®

C1: telan giectasias

reticular vemns

palpable signs

C4A:
pigmentation
and/or eczema

Fig 1. CEAP classification

tomy-Pathophysiology) classification (Figure 1) is

widely accepted and serves as a systematic guide

(Table 1).

The therapeutic approach to superficial venous insuffi-

ciency is conservative and surgical.

Conservative treatment involves treatment with phar-

macological therapy and compression therapy with

elastic bandages and stockings.

Surgical methods provide a functional solution to va-

ricose veins, and the following surgical techniques are

mainly used:

- surgical vein stripping,

- treatments with sclerosing of varicosities,

- endovenous access with laser treatment (EVLT)
and radiofrequency ablation (RFA). Both techniques
rely on the same principle of working except they
a different source of energy.

Lurie et al. J Vasc Surg Venous Lymphat Disord, May 2020

W@iVascsurg [fl@TheIvascsurg

C3: cedema

C5: healed wound C6: open wound

When there are indications for classical vein stripping
(which is rare), the vein above the medial malleolus is
prepped and in the area of the saphenous-femoral jun-
ction where VSM is ligated, a probe (wire) is inserted,
which is pulled down and the vein is extracted i.e.,
stripped. Those interventions are done under spinal and
general anesthesia.

The vein sclerosing procedure can be performed with
or without local anesthesia. Color duplex ultrasonogra-
phic monitoring is required to perform the sclerosing.
Sclerosis is done with aethoxysklerol or by using foam.
The foam causes an inflammatory reaction in the vein
wall blocking the vein. Then the limb is bandaged.
More than one vein can be treated. The goal of ultra-
sound-guided foam sclerosing to treat varicose veins is
to damage the endothelial layer of the vein or varico-
sity causing scarring and occlusion of the treated vein.
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Today, endovenous treatment is the method of choice
in the treatment of varicose veins of the lower extremities.
Indications are: existence of reflux longer than 0.5 se-
conds and subjective feeling of fatigue and contraindi-
cations are congenital or acquired valvular weakness
of the deep venous system.

SelectAll |
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Fig 2. Placement of the catheter bellow the sapheno-femoral junction

Then, the distal varicosities are marked with a perma-
nent marker. The patient is placed in a supine position
and a sterile preparation of the extremity is made. Pre-
paration for endovenous percutaneous placement of
the catheter is made.

Using the Seldinger technique with a 21G needle and
guide, a vein is prepared at a premarked position (pre-
determined under ultrasound) to provide access for
catheterization. After placing the catheter, which is
guided by ultrasonography along the vein, 1-2 cm is
placed under the proximal valve of the saphenofemoral
mouth for v. saphena magna (Figure 2) or, the saphe-
nous-popliteal opening for v. saphena parva.
Tumescent anesthesia is then applied. 500 ml of Saline
0.9% is used in combination with 2% lidocaine (17.5
ml) + 5 ml bicarbonates + 0.5 ml epinephrine.

The application is under ultrasonographic control
along the entire vein

from the SFJ to the insertion of the catheter in the
saphenous compartment between the superficial and
deep fascia (Figure 3). It acts as a local anesthetic and
protects the surrounding tissues from heat damage.
After applying the anesthesia, the vein is detached
from the surrounding tissue and "floats" in the
anesthetic. This phenomenon is known as Egyptian
eye (Figure 4).

When performing the radiofrequency ablation, the pa-

tient is in a standing position and the site for endove-
nous access is assessed using an ultrasonographic
examination.

Fig 3. Applying of local tumescent aneshtesia
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Fig 4. The vein is separated from the surroundings

The patient is placed in Trendelenburg position and
exsanguination of the vein is performed with external
pressure to ensure better contact between the vein wall
and the electrode tip of the catheter. Then, the VNUS
closure device is turned on and the vein is obliterated
in several stages by pulling the catheter back (Figure 5).

Disposable catheter Vein heats Catheter withdrawn,
inserted into vein and collapses closing vein

Fig. 5. Obliterating the vein with heating of the inner wall

After the endovenous treatment, the previously marked
distal varicosities (Figure 7) are removed with perfor-
ming a local phlebectomy and avulsion in local anes-
thesia (Figure 8).

saphena magna after RFA
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- B =~
Fig 9. Aneurismatic-like enlargment of a venous blood vessel

After the intervention, a sterile gauze is placed on the
phlebotomized parts and along the obliterated vein,
which is fixed with an elastic bandage and an elastic
stocking for 2 days; then the elastic bandage is remo-
ved and only an elastic stocking is worn for 3 weeks.
Clinical control of patients is done on the second, se-
venth day and after 3 weeks; ultrasonographic control
after 1 month and after 1 year.

Fig. 10. Ultrasound verification of succesful closing of VSM
after the procedure

According to the literature, this method has a success
rate of 95% in the first 3 to 5 years, that is, a percent-
tage of relapses of 3-5%, and there is no reliable infor-
mation for a longer period.

The complications from this method can be divided
into early and late. Early complications include: pain,
phlebitis, failed vein closure during the intervention,
heat-induced venous thrombosis, deep vein thrombo-
sis, skin burns, and lidocaine toxicity. A cause of DVT
can be the placement of the catheter in the v. femoralis
(which is not allowed) and thrombotic tendency such
as: antiphospholipid antibody syndrome, activated pro-
tein C resistance, increased levels of coagulation factor
VIII, malignant disease, protein C deficiency, protein
S deficiency, homocysteinemia, dysfibrinolysis (factor
XII deficiency).

Fig. 11. Using two probes during during RFA because of an
accessory VSM

The following late complications can appear: paresthe-
sia, skin discoloration and local recurrences, ecchymoses
(which often occur with laser treatment) and hematoma.

Results

In the period from November 2009 to November 2010,
EVLT was used, and after that period RFA, i.e. VNUS
technology, was used in both the Private General
Hospital ,,Re-Medika”-Skopje and the Private Clinical
Hospital ,,Acibadem Sistina”-Skopje.

In the period from November 2009 to November 2023,
1053 patients were successfully treated, of which in 818
cases VSM on one leg was treated, of which in 368
cases VSP in addition to VSM was treated; in 395 only
VSM was treated; in 55 cases two probes in the ab-
lation process were used due to the existence of acce-
ssory VSM, and in 235 cases both legs were treated.
Among the more frequent complications were pares-
thesias (which were usually transient), ecchymoses
(which were more common during laser energy treat-
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ment) and hematomas (rarely today). DVT as a throm-
bosis has not been observed in any case so far. There
was a recurrence rate of about 3% after at least one year:
18 cases due to the presence of accessory VSM, in 7
cases due to the existence of insufficiency of all 4
venous junctions and the possibility of the existence of
undetected sources of reflux, as well as in 6 cases due
to the failure of RFA in treatment due to larger vein
dimensions >2.1 cm.

Discussion

The endovenous approach in the management of su-
perficial venous insufficiency is technically the most
up-to-date method that has a number of advantages
over the classical surgical approach, the so-called
stripping. The difference is in the type of anesthesia,
i.e., spinal or general anesthesia is used for stripping,
while local luminescent anesthesia is used for endove-
nous access. In the endovenous approach, one incision
is made distally, and in the stripping procedure a se-
cond incision is made proximally to connect the saphe-
nous-femoral opening. A third major difference is the
invasiveness from the minimally invasive approach in
endovenous ablation with thermal ablation of the ve-
nous vessel to surgical extraction in the classical app-
roach and this has a direct impact on postoperative re-
covery. In terms of cost vs. benefit, the endovenous
approach is economically more profitable due to the
use of smaller resources in terms of personnel, dura-
tion, does not require hospitalization, and it is an out-
patient intervention where patients go home the same

day after the end of the intervention as opposed to hos-
pitalization after vein stripping.

Conclusion

Endovenous method represents the gold standard in the
treatment of venous insufficiency and in combination
with local surgical phlebectomy of varicosities show
excellent objective results as well as subjective satisfac-
tion among patients. This is a method that is absolutely
recommended, sovereign, minimally invasive and with
which patients return quickly to their daily activities
with very little chance of recurrence if done properly.

Conflict of interest statement. None declared.
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Abstract

Introduction. Renal impairment in patients with mul-
tiple myeloma may affect 20% of patients at the time
of diagnosis, and up to 40-50% during the course of
the disease. In newly diagnosed myeloma, renal impair-
ment may be due to various etiology and risk factors,
either specific structural renal changes or dehydration,
hypercalcemia, infection, or use of NSAID.

Aims. To determine the characteristics and survival of
patients with myeloma-related renal impairment in newly
diagnosed multiple myeloma (NDMM). Methods: Ret-
rospective data from charts of patients hospitalized in
the Department of Nephrology in the period 2015-
2020, diagnosed as multiple myeloma, were reviewed.
Two groups of patients were compared. Patients with
renal impairment and newly diagnosed multiple myelo-
ma (NDMM) at the Department of Nephrology were
compared to those previously diagnosed (PDMM).
Clinical characteristics and survival were compared
between the two groups.

Results. A total of 31 patients were included in the
study. Median serum creatinine at start of hemodia-
lysis was 567 umol/l. In 16% of patients, renal biopsy
was performed, with findings of myeloma cast nephro-
pathy (MCN), tubulointerstitial changes and amyloido-
sis. Forty-two percents of patients had improvement in
renal function after 3 months. Median time to death
was 18 months (range 0-96 months). Patients treated
with hemodialysis and chemotherapy had better survi-
val. In 16 patients the diagnosis of multiple myeloma
was established at the Department of Nephrology.
Newly diagnosed patients with myeloma and renal
impairment had shorter survival, 6 versus 18 months in
patients that were previously diagnosed and treated
(P=0.06). Conclusion: Renal impairment in myeloma
is consistent with presence of active disease and a high
stage of the disease. Hemodialysis and chemotherapy

Correspondence to: Biljana Gerasimovska, Department of Nephrology,
Clinical Centre Skopje, Vodnjanska 17, 1000 Skopje, R. N. Macedonia;
E-mail: bgerasimovska@yahoo.com

improve survival. NDMM with renal impairment has a
significantly shorter survival, thus diagnoses of mye-
loma should be established in the phase before renal
impairment.

Keywords: Multiple myeloma, renal failure, survival,
chemotherapy, prognosis

Ancrpakr

BoBen. PenanHoTo omiteryBame Kaj MAlEHTH CO MYII-
THIIEH MHEJIOM MoOxKe 1a 3acerHe 20% o1 marueHTUTe
BO MOMEHTOT Ha JujarHoctuipame u 1o 40-50% Bo
TekoT Ha Oonecta. Kaj HOBOIHMjarHOCTHUIIMPAHUOT
MHEIIOM, PCHAHOTO OIITETYBamkbe MOXKE Jla MMa pas-
JUYHA €THOJOTHja U (aKTOPU HA PU3MK, WM CIICIH-
(UYHU CTPYKTYPHHU PEHAHH NPOMEHH, ACXUIpAIH]ja,
XHUIEepKaIIeMyja, HHPEKIHja WK yrioTpebda Ha HecTe-
pounnu antuudiIamatopuu nexosu (HCAIWII).

Ienn. /la ce yrBpaar KapakTepUCTUKUTE U IIPEKUBY-
BaWETO HA MAIMEHTUTE CO OYOPEIKHO OIITETYBARE TI0-
BP3aHO CO MHEIIOM Kaj HOBOJIWjarHOCTHIIUPAH MYJITH-
nieH muenom (HJIMM).

Metoau. BxiydyeHu ce peTpoCnEeKTUBHYU IIOJATOLU OJ
MEIHITMHCKY KapTOHU HA MAIlMEHTH XOCIUTATH3HPAHU
Ha Knmuwnkata 3a Hedpomormja Bo mepuomor 2015-
2020 rTomMHA, IUjarHOCTUIMPAHW KaKO MYJITHUIICH
muenoM. bea cnopenenn nBe rpynu manuentd. Ila-
[IMEHTUTE CO PEHAIHO OIUTETYBake M HOBOAMjarHOC-
tuipan myntureH muenom (HJIMM) na Knuankara
3a Hedpororuja Oea CIOPEICHA CO OHHE MPETXOTHO
mujarsoctuipann ([IJJMM). Knnamukure kapakte-
PUCTHKH W TPEKHUBYBAHETO Oca CIIOpENcHH IOMery
JIBETE TPYIIH.

Pesyararu. BxynmHo 31 mammeHT Oea BKIyYeHH BO
crynujata. CpemqHHOT CEPYMCKH KpEeaTHMHHH TIpH 3a-
MOYHYBamke cO XxeMoujanuzata oeme 567 umol/l. Kaj
16% on manMeHTHTe, HalIpaBeHa € peHaaHa OuorcHja,
co Haoau 3a muenaomcka Heppomaruja (MCN), TyOy-
JOMHTEPCTUIMjATHN TPOMEHH M aMWIOna03a. YeTw-
pHECeT U JiBa MPOLEHTU O MAIIMEHTHTE MMaa Mmo00-
pyBame Ha OyOpexxHata ¢yHkmja o 3 mecenu. [Ipo-
CEYHOTO BpeMe 1o cMpTTa Oeme 18 mecenu (omcer 0-
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96 mecenn). [TanmeHTHTE TPETUPAHU CO XEMOIH]jajIH3a
U XeMoTeparuja umaa nojgoopo npexuBypame. Kaj 16
MAIWEHTH, IWjarHo3aTa Ha MYJITUIICH MHUEIIOM € TOC-
taBeHa Ha KimHmkarta 3a Hedposoruja. Horomujar-
HOCTUITUPAHUTE IAIMEHTH CO MHEIOM U OyOpekHO
OIITETYBalh¢ MMAJie MOKPATKO MPEKHUBYBame, 6 Ha-
cpoTH 18 Meceny kaj manueHTH KOX OHIIe IPETXOIHO
JjarHocTUIMpanu u Tpetupanu (P=0,06).

3akiry4ok. PeHATHOTO OIITETYBame Kaj MUEIOM € BO
COTJIaCHOCT CO IPHCYCTBOTO HA aKTHBHA 00JIeCT U BU-
COK cTajuyM Ha OoJiecTa. XeMoaujamu3aTa U XeMoTe-
panujata ro moxoOpyBaaT mnpexuByBamero. HIMM
CO PEHAIHO OINTETYBame MMa 3HAYHMTEIHO MOKPaTKO
NpeXUBYBalkE, TaKa INTO AWjarHO3aTa Ha MHEJIOM
Tpeba 1a ce BocIocTaBu BO (paszarta mpen 6yOpexHOTO
OIIITETYBAIbE.

Kityuynu 360poBu: MyITHIICH MHEIIOM, XpPOHUYIHA
OyOpexHa OosiecT, IpeXXUBYBambe, XeMOoTepanuja,
POTHO3a

Introduction

Myeloma is a clonal proliferation of plasma cells and
is the second most common hematological malignancy
[1], with an annual age-standardized incidence rate
(ASIR) worldwide of 2.28 for men, and 1.55 for wo-
men per 100,000 persons in 2019 [2]. Estimated ASIR
of multiple myeloma for Macedonia in 2020 was 2.6
for men and 1.2 for women per 100,000 population
[3]. The number of new cases with multiple myeloma
in the Republic of North Macedonia for 2020 was 35,
as reported by Global Cancer Observatory [4].

Renal impairment in patients with multiple myeloma
may affect 20% of patients at the time of diagnosis to
40-50% during the course of the disease. Symptomatic
disease and end-organ damage frequently present as
acute renal failure, accompanied with hypercalcemia,
anemia and bone lesions (CRAB features) [5]. In newly
diagnosed myeloma, renal impairment may be due to
various etiology and risk factors, either specific struc-
tural renal changes or dehydration, hypercalcemia, in-
fection, or use of NSAID [5,6]. It is associated with
poor outcomes. Hemodialysis is needed in only 2-4%
of patients with multiple myeloma and renal failure [6].
In the current study, we determined the characteristics
and survival of patients with renal impairment in newly
versus previously diagnosed multiple myeloma patients.

Material and methods

Table 1. General characteristics of the group

Retrospective data from charts of patients hospitalized
in the Department of Nephrology for renal impairment
and diagnosed as multiple myeloma, in the period
2015-2020, were reviewed. This study complies with
the Declaration of Helsinki. Patients were either diag-
nosed as multiple myeloma at the Department of
Nephrology or at the Department of Hematology. In
only one patient on chronic hemodialysis, multiple
myeloma was diagnosed after 19 years of hemodialysis
and the patient was excluded from the study.

Renal impairment in multiple myeloma was defined,
according to IMWG criteria, when serum creatinine
was above 177 pumol/l or there was a registered rise in
serum creatinine of 20% or more as a result of
myeloma [7]. The clinical stage was determined based
on Durie-Salmon definition.

GFR was calculated with the use of CKD-EPI. The
indications for hemodialysis were: uremia, anuria, me-
tabolic acidosis, hyperkalemia, and excess of extra-
cellular volume.

CRAB was defined as serum calcium above 2.65
mmol/l, renal impairment as creatinine >177 pumol/I,
anemia as Hb <100 g/l and bone lesions as osteolytic
or osteopenic changes in bones.” CRAB is a correlate
of end-organ damage and may indicate active disease,
while other indicators of active disease are repeated
infections, amyloidosis or hyperviscosity.

Statistical evaluation was made by SPSS 20 program
(SPSS Inc., Chicago, IL, USA). Data were presented
as numbers and percentages or median, where appro-
priate. Differences in nominal variables were calcula-
ted by the use of Student’s t test and in continuous
variables by the use of chi-square test (or Mann-
Whitney test). Survival curves were analyzed by the
use of Kaplan-Meier, and Cox proportional hazard
regression was used to determine predictors of death.

Results
General characteristics of patients

A total of 31 patients were included in the study. All
characteristics of patients are presented in Table 1. The
mean age was 64.8 years and 64.5% of patients were
females. In 16 patients the diagnosis of multiple
myeloma was established at the Department of
Nephrology. These patients were admitted for renal
impairment. They were considered as newly diagnosed
myeloma-related renal impairment (NDMM). At
commencement of hemodialysis, 77.4% of patients
were already in stage Il according to Durie-Salmon.
Chemotherapy was started immediately after diagnosis.
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Renal impairment  Renal impairment

p’g'rucr::;ge in NDMM in PDMM
N=31 (Nephrology) (Hematology)
N=16 N=15
General characteristics
64.8+10.6

Mean age (range 38-82) 62.5+12.2 66.94+8.25 0.46
Sex
Male (N) 11 (35.48%) 6 (19.35%) 5 (16.1%) 0.61
Female (N) 20 (64.5%) 9 (29%) 11 (35.48%)
Durie-Salmon stage at commencement of hemodialysis
Stage | 2 (6.45%) 0 2 (6.45%) 0.31
Stage Il 5 (16.1%) 2 (6.45%) 3 (9.68%)
Stage IlI 24 (77,4%) 13 (41.9%) 11 (35.5%)
Active disease and signs at presentation
Systemic signs of disease
Hematoma 3 (9.68%) 2 (6.45%) 1(3.2%) 0.5
Epistaxis 3 (9.68%) 2 (6.45%) 1(3.2%)
GIT hemorrhage 2 (6,45%) 2 (6,45%) 0
Signs of infection 9 (29%) 7 (22.58%) 2 (6.45%)
Bone pain 13 (41.9%) 9 (29%) 4 (12.9%) 0.04
Bone lesions, X-ray 18 (58%) 10 (32.25%) 8 (25.8%) 0.34
confirmed
Bone biopsy at diagnosis 3 (9.68%) 2 (6.45%) 1(3.2%) 0.78
CRAB syndrome 21 (67,7%) 10 (32.25%) 11 (35.48%) 0.46
Comorbidities
Hypertension 15 (48.38%) 7 (22.58%) 8 (25.8%) 0.85
Diabetes mellitus 9 (29%) 4 (12.9%) 5 (16.1%)
Chronic heart disease 4 (12.9%) 2 (6.45%) 2 (6.45%)
Cerebrovascular accident 1(3.2%) 0 1(3.2%)

>=
m‘;:gm?éibt'ig';)y (>=2 4 (12.9%) 2 (6.45%) 2 (6.45%) 0.9
Renal impairment
CKD EPI <10 ml/min on 20 (64,5%) 8 (25.8%) 12 (38.7%) 0.2
admission
Anuria on admission 8 (25.8%) 6 (19.3%) 2 (6.45%) 0.038
Signs of uremia on 18 (58%) 9 (29%) 9 (29%) 0.83
admission
Median serum creatinine
at start of hemodialysis 594.6 871 637 0.036
(umol/1)
Metﬁan serum creatinine 369.8 641 176 0.003
at discharge (umol/l)
Median serum creatinine
after 3 months (umol/l) 254 180 320 0.003
Iéﬁ?.i?;;.vs“h 20 (64,5%) 8 (25.8%) 12 (38.7%) 0.2
Time from diagnosis to
commencement of
hemodialysis
0-3 months 12 (60%) 10 (50%) 2 (10%) 0.026
3-6 months 1 (5%) 0 1 (5%)
6-12 months 1 (5%) 0 1 (5%)
12-24 months 3 (15%) 0 4 (20%)
24-36 months 1 (5%) 1 (5%) 1 (5%)
36-48 months 0 0 0
48-60 months 0 0 0
60-72 months 2 (10%) 0 2 (10%)
Renal biopsy 5 (16.1%) 5 (16.1%) 0
Pathohistological finding at renal biopsy
Acute tubulointerstitial 1 (3.2%) 1 (3.2%) 0
nephritis
Myeloma cast 3(9.3%) 3(9.3%) 0
nephropathy
Myeloma kidney with 1 (3.2%) 1 (3.2%) 0

amyloidosis
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Laboratory results
Median proteinuria

(g/l...g/dU)

1.74 g/l

(range 0.17-6.9
g/l)
4.8 g/du
(range 0.84-14
g/dU)

Microscopic hematuria 11 (35.48%)
Hb<100 21 (67,7%)
Serum Ca>=2.6 mmol/I 8 (25.8%)
Ig\’//llean total protein 78219
Mean  albumin/globulin
ratio (AGR) 1.06 +0.55
Number of patients with
kappa/lambda ratio >1.65 3 (9.68%)
Treatment
Chemotherapy
CTD 9 (29%)
Lenalidomid 1(3.2%)
VTD 3 (9.68%)
MPT 5 (16.1%)
Bone marrow
transplantation 6 (19.3%)
Outcome

Reversible kidney disease
(within 3 months)
Survival longer than 12

13 (41.9%)

months 18 (58%)
Death 20 (64.5%)
Median time to death 18 months
(months) (range 0-96
months)

16 1.97 0.96
4.02 6,0 0.84
6 (19.35%) 5 (16.1%) 0.61
12 (38.7%) 9 (29%) 0.07
6 (19%) 2 (6.45%) 0.05
75.5+27.2 79.9 +16.9 0.62
1.14+0.62 0.98+0.5 0.48
2 (6.45%) 1(3.2%) 0.67
4 (12.4%) 5 (16.1%) 0.19
0 1(3.2%)
2 (6.45%) 1(3.2%)
2 (6.45%) 3 (9.68%)
2 (6.45%) 4 (12.9%) 0.048
5 (16.1%) 8 (25.8%) 0.2
6 (19.3%) 12 (38.7%) 0.048
8 (25.8%) 12 (38.7%) 0.2
5.8 24.7 0.024

Fifteen patients were diagnosed with myeloma at the
Department of Hematology and already treated with
chemotherapy when renal impairment occurred, for
which they were referred to the Department of Neph-
rology. They were considered as previously diagnosed
multiple myeloma with myeloma-related renal impair-
ment (PDMM). One patient had history of monoclonal
gammopathy of undetermined significance (MGUS)
and one had history of smoldering myeloma. Predomi-
nant chemotherapy protocol was CTD (29%), while
therapeutic protocols with VTD and Lenalidomid were
used in 9.3% and 3.1% of patients, respectively. Trans-
plantation with autologous stem cells was performed in
19.3% of patients. Four patients were treated with ra-
diotherapy for bone lesions. Relapse was registered in
4 patients.

Time of follow-up was 25.5 months (range 0-96 months).
Death occurred in 20 patients. Median time to death
was 18 months from diagnosis (range 0-96 months).

Clinical features at admission
Majority of patients, 21 patients (67.7%), on admi-

ssion to the Department of Nephrology had CRAB
features (hypercalcemia, renal failure, anemia and bo-

ne disease), implying active myeloma. Bone lesions,
ranging from osteopenia, osteolysis to fractures were
present in 18(58%) patients. Thirteen patients reported
bone pain and in 7 patients the pain lasted 30-90 days.
Systemic signs of disease at hospitalization were pre-
sent in 8 patients and signs of infection in 9 patients.
Multimorbidity (>=2 comorbidities) was present in
13% of patients (mainly diabetes and hypertension).
Twelve patients (39%) received chronic antihyperten-
sive therapy with ACEI and ARB.

Renal impairment

On admission to the Department of Nephrology, 8
patients were anuric and 18 had signs of uremia. CKD-
EPI <10 ml/min was registered in 20 patients and they
were treated with hemodialysis, mainly in the first three
months from diagnosis of myeloma. Median serum
creatinine at start of hemodialysis was 594 umol/I.
Median serum creatinine at discharge was 369.8
pmol/l. Forty-two percents of patients had improved
renal function after 3 months.

Laboratory results revealed microscopic hematuria in
11 patients, mean total serum protein 71 g/l, and median
proteinuria 1.74 g/ (4.8 g/dU). Serum and urinary kappa/
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lambda ratios were above 1.65 in 3 patients. Hypercal-
cemia was found in 25.8% and anemia in 67.7% of
patients.

Renal biopsy was performed in 5 patients, 3 of whom
had myeloma kidney, one had myeloma kidney with
amyloidosis and one had tubulointerstitial changes.

Newly diagnosed renal impairment related to
multiple myeloma

No difference was found in the group with NDDM
versus PDMM considering age, sex and Durie-Salmon
staging (Table 1). Systemic signs of disease, signs of
infection, bone lesions, comorbidities and CRAB did
not differ in both groups. The group with renal impair-
ment in NDDM had significantly more anuric patients,
significantly higher serum creatinine at start of hemo-
dialysis and at discharge, yet after 3 months, serum
creatinine was significantly lower. Time to commence-
ment of dialysis in the NDMM group was less than
three months from diagnosis in 60% of patients treated
with hemodialysis. Bone marrow transplantation was
more frequent in patients with previously diagnosed MM.

Survival

Patients with renal impairment in NDMM (Figure 1)

had shorter survival than PDMM (log-rank 0.06). No
differences in survival between the group with NDMM
vs. PDMM were found, when adjusted for reversibility
of renal impairment, diuresis, comorbidities, time to
dialysis, chemotherapy or combined chemotherapy
with hemodialysis. Survival at 12 months was signi-
ficantly shorter in NIDDM group.

Survival Functions
dg na klinika

Nephrolagy (Early onsst RI
—Hematology (Late onset R
Nephrolagy (Early onsst Rl

o censored
| Hematalogy (Late onset R
censored
08 1

Cum Survival

Time to death

Fig. 1. Overall survival in patients with Rl in NDMM vs.
PDMM (log-rank 0.06)

Survival was significantly better in the whole group of
patients (Figure 2) when comparing patients treated
with chemotherapy and hemodialysis, favoring both
treatments.

Survival Functions

08

08

Cum Survival

02

0o

“ =

HDandChemo

Mo combination
HD+Chemotherapy
—1Combined HD+Chemotherapy
Mo combination
HD+Chematherapy-censaored

Combined HD+Chematherapy-
+:ensmed

vrsled

B0 100

Fig. 2. Survival in patients treated with combination of chemotherapy and

hemodialysis (log-rank 0.04)

Treatment with hemodialysis and irreversibility of
renal impairment (Table 2) were found as significant
predictors: irreversibility as a predictor of death, while
hemodialysis as a protective factor in multivariate Cox
regression analysis for the whole cohort of patients
(P=0.035).

Limitations of the study

This study was conveyed retrospectively and with a
small number of patients. Data on free light chains
were not accessible for all patients, as some of them
were not done on a regular basis.
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Table 2. Multivariate Cox-proportional regression analysis of myeloma-specific

survival (P=0.035)

95.0% CI for Exp(B)

B SE Wald df
-1.393 .615 5.127 1
1.402 .592 5.614 1

Sig. Exp(B) Lower Upper
.024 248 .074 .829
.018 4.062 1.274 12.95

Discussion

With the given estimate of 35 new cases per year, pa-
tients affected with renal impairment and admitted at
the Department of Nephrology for renal impairment
constitute about 17% of all myeloma patients per year.
Patients who were treated as outpatients were not
included in the study, so that overall incidence of renal
impairment is probably higher. Reported incidence of
renal impairment in the literature is between 15 to 40%
of myeloma patients [8]. When IMWG criteria are used,
myeloma-related renal impairment is defined as redu-
ced creatinine clearance below 40 ml/min as a result of
myeloma [9] and according to this classification, preva-
lence of acute kidney injury may be as high as 10-25%.
Most patients admitted in the Department of Nephro-
logy had a very low GFR and majority of patients
were already in advanced, Durie-Salmon stage I1l. An
active and symptomatic disease, reflected by the high
frequency of CRAB syndrome, was present in majority
of patients. Therefore, our patients can be profiled as a
high-risk group. Although the International Staging
System provides better classification of the stage of
multiple myeloma, it was not used in our study due to
unavailability of parameters needed for the stratifyca-
tion. Systemic signs of disease and infection were
found in about a quarter of patients.

In 51% of all patients in our study, diagnosis of
multiple myeloma was established by a nephrologist.
These patients were newly-diagnosed multiple myelo-
ma patients with renal impairment. In only five pa-
tients, diagnosis was established by the use of renal
biopsy. Predominant biopsy findings were light-chain
cast nephropathy (LCCN). In the study of Nasr [10],
frequency of LCCN was 37%, while in another study
[11], the frequency was 66-87% in all myeloma-rela-
ted kidney biopsies. Histopathological findings may
include also amyloidosis and acute tubular necrosis,
monoclonal immunoglobulin deposition disease and
less common findings such as fibrillary and immuno-
tactoid glomerulonephritis [12]. Determination of the
histopathological findings is important for the progno-
sis. Further analysis of kidney biopsies with light-
chain nephropathy may include two histologic features
that are predictive for the outcome: highest number of
casts per millimeter square in the cortex and degree of
interstitial fibrosis/tubular atrophy [13]. It was presu-
med that patients with light-chain cast nephropathy may
benefit from chemotherapy, combined with intensive
hemodialysis using new-generation “high cut-off” dia-

lyzers. Disappointingly, clinical outcomes for patients
did not improve in trials MYRE24 and EuL.ite88
[14,15].

Proteinuria of nephrotic range was found in three pa-
tients in our study. This infrequent finding suggests
absence of myeloma cast nephropathy, as nephrotic
range proteinuria is consistent with amyloidosis or glo-
merular involvement. Hematuria was found in 35%, as
reported by other authors, too [16]. Although anuria on
admission was found more frequently in newly diag-
nosed myeloma, it was not a predictor of death, con-
trary to the findings of Jung, who reported a risk of
3.628 [17].

Patients with newly diagnosed multiple myeloma had
more bone pain, higher serum creatinine, and higher
albumin-globulin ratio. Serum creatinine at start of
hemodialysis and at discharge were higher in the
group with newly diagnosed multiple myeloma. After
three months, with the commencement of chemothera-
py, serum creatinine in the group with newly diagno-
sed myeloma, improved significantly. Yet, serum creati-
nine is a weak evaluation tool in myeloma because it
does not define chronic kidney disease or residual
renal function [18].

Sixty-four percents of patients admitted at the De-
partment of Nephrology required hemodialysis and
median time from diagnosis to staring hemodialysis
was 2 months. Initiation of hemodialysis had bimodal
distribution: while most of the patients (60%) started
hemodialysis in the first 3 months from the diagnosis
of the disease, the others started in the period from 3 to
72 months. A significant difference in the time of co-
mmencement of hemodialysis in newly versus pre-
viously diagnosed myeloma indicates different patho-
geneses of the disease and different risk factors.

Renal recovery is associated with a good outcome for
patients with myeloma, but the mechanism is not clear
[19,20]. In 42% of all patients in our study, renal im-
pairment was transitory and reversed to the laboratory
values before hospitalization. Reversible renal impair-
ment, with achievement of hematological response and
independence from hemodialysis are found to be pre-
dictors of improved overall survival in NDMM [21].
Contrary to these findings, in a recent study no advan-
tage in overall survival was found in patients with im-
provement of renal function, but with newer chemo-
therapy renal function did not decline significantly
after 12 months [22].

In newly diagnosed myeloma, renal impairment is a
result of an active disease and use of medications, or
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dehydration. Hypercalcemia may contribute by vaso-
constriction of renal vessels, and reduced blood flow
in the kidney, and exacerbation of natriuresis and volu-
me depletion [12]. These causes may be efficiently sol-
ved if adequately recognized.

In our study, hemodialysis was a predictive factor and
irreversibility of renal failure was predictive of death
in patients with myeloma-related renal impairment.
The use of hemodialysis in combination with chemo-
therapy improved the overall survival in the whole
group of patients with myeloma-related renal impair-
ment. Time to death was generally shorter in the group
with newly diagnosed myeloma, as well as survival at
12 months, which is consistent with findings from other
authors [23].

Early diagnosis of multiple myeloma, risk profiling,
accurate determination of pathogenesis and combination
of hemodialysis with chemotherapy in this high-risk
group of newly diagnosed myeloma patients with renal
impairment may be beneficial for the renal and overall
outcome in patients with multiple myeloma and renal
impairment.
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Abstract

Introduction. Rare cancers are not so rare. Their
incidence is higher than any of the single common
cancers alone, and this group will become larger since
a growing number of rare subtypes of common cancers
are being identified based on their molecular aberra-
tions. More than 50% of all gynecological cancers are
considered rare.

Aim. This overview examines the unique challenges
that rare cancers pose and the advancements in
healthcare regarding the understanding, diagnosis, and
treatment of rare gynecological cancers.

Methods. Literature search was performed using Pub-
Med. The selection of scientific papers was based on
their relevance to rare gynecological cancers, including
epidemiology, diagnosis, treatment modalities, research
challenges, and potential solutions.

Results. Rare cancers pose unique challenges regar-
ding diagnosis and treatment, due to their low inciden-
ce and limited research options. In recent years immu-
nohistochemistry and molecular studies have contributed
significantly to diagnosis in the field of gynecological
neoplasia. Due to the increasing understanding of the
molecular basis of cancers, as well as the discovery of
specific molecular targets, targeted agents and modern
immunotherapies have been developed. Many of the
challenges in rare cancer treatment could be overcome
by centralization of care, biobanks, and international
collaboration.

Conclusion. Although progress has been made in the
understanding and treatment of rare gynecological can-
cers, significant research gaps remain. Through quality
international research and collaboration, centralization
of treatment, as well as involvement of pharmaceutical
industries, new cost-effective and targeted treatments
and prevention strategies will be developed more rapidly,
which will ultimately lead to better patient care and im-
proved patient outcomes.
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Ancrpakr

Bogen. Perkute kapuuHoMu He ce TOJKY peTku. Hug-
HaTa MHIOXACHIA € IOBUCOKA BO OJHOC HAa MHIMACHIIA-
Ta Ha OHMJIO KOj OJ MOSAWHEYHUTE YECTH KapIUHOMHU.
Ogaa rpyrma ke cTaHe yIuiTe norojema OuaejKu ce uaeH-
TH(UKYBaaT HOBU PETKU MOJTHUIIOBU HA KAPI[MHOMH,
Bp3 OCHOBa Ha HUBHHTE MOJEKynapHH abeparmu. [1o-
Beke o1 50% oJ1 cuTe TUHEKOJIOIIKH KapIIMHOMH CE CMe-
TaaT 3a PETKH.

Hen. OBoj mperien Ha JuTeparypara TH HCIIHTYBA
YHUKATHUTE TPETU3BUIM MOBP3aHU CO PETKUTE Kap-
[IUHOMH, KaKO U HAIPEIOKOT BO pa3dupameTo, 1jarHo-
3aTa M TPETMAHOT HA PETKUTE THHEKOJIOIIKH KApIIMHOM.
Metoau. [IpebapyBameTo Ha JuTepaTypara Oerie u3Bp-
IIEHO KOpHCTEjKH ja natabasara PubMed. M300poT Ha
HAYYHU TPYIOBH Oellle 3aCHOBaH Ha HUBHATA PEJICBAH-
THOCT 32 PETKUTE THHEKOJOMIKH KapIITHOMH, BKITY9H-
TEJIHO HUBHATA CIHIEMHOJIOTH]ja, AMjarHo3a, MOAAIH-
TCTU Ha TPETMaH, UCTPAXKXYBAYKN MPCAN3BULIM U TTOTCH-
[IUjTHH pPeIIeHH]a.

Pesyararu. [IpenusBuiinte Bo AvjarHo3aTta U TpeTMa-
HOT Ha PETKUTEC KapIIMHOMHU CC N0JDKAT Ha HUBHATa HUC-
Ka WHIUICHIIA, KAKO ¥ JMMUTHPAHUTE MOXXHOCTH 32
CIIpOBEyBame Ha HAyYHH HCTpakyBama. Bo mocien-
HUTEC I'OAWHU, UMYHOXUCTOXCMHUCKUTE aHAJIU3U U MO-
JCKYJIapHUTE CTYAWU 3HAYUTEIHO MPHIOHEC0a 33 IH-
jarHOCTUIIMpamke BO 00JacTa Ha TMHEKOJOIIKAaTa HEOo-
miasuja. HanpeaokoT Bo pa3OupameTo Ha MOJIEKyIap-
HaTa OCHOBa Ha KApIIMHOMHUTE, KaKO M OTKPHBAETO
HAa criel()UIHN MOJIEKYIapHH [EITH, BOIAT KOH Pa3Bo)j
Ha TapreTUpaHa Tepandja U MOJAEpHA UMYHOTEpAIHja.
MHory ox npeau3BHLUTE BO TPETMAaHOT HA PETKUTE
KapIUHOMH OW MOXeJe J1a ce HAJIMUHAT CO [CHTPaH-
3aIMja Ha JIEKYBamkETO, T.€. CO BOCIIOCTaBYBame pede-
PEHTHHU LISHTPH 32 TPETMaH, pa3Boj Ha OMOOAHKH U Me-
fyHapogHa copaboTKa.

3akayuyok. CrpoBeqyBambeTO KBAJTUTETHH KIMHUYKH
UCTINTYBamkba U MEI'yHapoaHA COPadOTKa, KaKO U BKIY-
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yyBamke Ha (papMaleBTCKUTE WHIYCTPHH, BOJIAT KOH
pa3Boj Ha HOBH €(DEKTUBHH M TAPTETHPAHU TEPAIUU U
CTpaTeTHH 3a MPEBEHIIN]a, IITO PE3yJATHpa CO Moaoopa
Tproka ¥ MoJ00ap UCXOT 32 MAIlMEHTHTE.

Kiryunu 300poBH: peTkn KapLIMHOMH, THHEKOJIOIIKA
KapluHOM, OMOOaHKH, TapreTHpaHa Tepamuja

Introduction

Cancer is a growing global burden and therefore its
prevention is one of the most important public health
challenges of the 21* century. Today we are witnesses
of an epidemiological transition, which has begun in

Appendix 1

°
°
e °

Ranking of CVD/cancer as
leading cause of premature death

CVD 1st, Cancer 2nd (70)
Cancer 1st, CVD 2nd (57)
CVD and Cancer rank in top 3 (50) *

Other (6)

[ Nodata [ Not applicable

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines

for which there may not yet be full agreement.

the previous century and in which the dominance of
infectious diseases is superseded by noncommunicable
diseases, making cancer and cardiovascular diseases
the leading causes of premature death. According to
present ranks and recent trends, cancer may surpass
cardiovascular diseases as the leading cause of
premature death in most countries in the course of this
century (Figure 1) [1]. Therefore, cancer research is of
the utmost importance in contemporary medicine.
Research has led to accumulation of extensive know-
ledge about the biological processes involved in cancer
onset, growth, and metastases. Those discoveries have
resulted in improvement of cancer detection, diagnos-
tics, treatment, follow- up and prevention strategies.

Data source: GHE 2020 @ World Health

Map production: CSU

World Health Organization -~ 0rgan|zatlon

© WHO 2020. All rights reserved

Fig. 1. Global map of the ranking of CVD and cancer as leading causes of premature death (at the ages of
30-70 years) in 183 countries in 2019. Source: World Health Organization

But, the current situation regarding rare cancers is not
similar to the common malignancies. There is no uni-
versal definition of a rare cancer. The FDA defines the
term "rare disease or condition" as any disease or con-
dition which affects less than 200.000 persons in the
United States [2]. Rare cancers are defined by the Uni-
ted States National Cancer Institute (NCI) as those
which occur in fewer than 15 per 100,000 people per
year [3]. The project Surveillance of Rare Cancers in
Europe (RARECARE), which provides estimates of the
incidence, prevalence and survival of rare cancers in
Europe, defines rare cancers as those with an incidence
of <6/100,000/year [4].

Rare cancers are not so rare. Rare cancers account for
about 22% of all cancers diagnosed in the EU each
year [4]. According to the American Cancer Society,
one in five cancer diagnosis in the United States is a
rare cancer [5]. Therefore, rare cancer incidence is hig-

her than any of the single common cancers alone. Fur-
thermore, the group of rare cancers will become larger
since a growing number of rare subtypes of common
cancers are being identified based on their molecular
aberrations.

Rare cancers pose unique challenges for both clini-
cians and patients. Research for rare cancers is limited
and therefore it is difficult to identify the etiology as
well as to develop prevention and early detection stra-
tegies. It is challenging to diagnose them as well as to
choose the right treatment modality, as treatment op-
tions for rare cancers are often limited and less effect-
tive than for more common cancers, partly because of
less preclinical research and fewer clinical trials for
rare cancers. The reasons for the stagnation in research
of rare cancers are multifactorial and include logistical
difficulties in carrying out clinical trials in a very small
cohort of patients, hesitation/motivation of the pharma-
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ceutical industry to invest in developing drugs for small
markets and complexity in developing cost-effective
drugs [6].

Rare gynecological cancers

Gynecological malignancies comprise 19% of new can-
cer cases worldwide [7]. Rare gynecological cancers
account for more than 50% of all gynecological
cancers, with approximately 80,000 new cases per year

in Europe, involving more than 30 different histologic
diagnoses (Table 1), with a very limited number of pa-
tients in each diagnostic category (Table 2) [4,8]. The
group of rare tumors is becoming larger as molecular
classification further subdivides common tumors. The
WHO Classification of Female Genital Tumors in the
5" edition of the WHO classification of tumors from
2020, is revised based on histomorphological and
molecular pathology data [9].

Appendix 2
Table 1. Rare gynecological tumors
Site Morphology Malignancy
Paget’s disease of the vulva
_ Epithelial Adenocarc_inoma
Vulva-Vagina Other carcinomas
Skin adnexal carcinoma
Germ Cell Yolk sac tumor and other types
A Adenocarcinoma
. - Epithelial :
Uterine cervix Carcinosarcoma
Mixed Adenosarcoma
Epithelial Carcinosarcoma
Uterine corpus Mixed Adenosarcoma
Germ Cell Yolk sac tumor and other types
. Epithelial Adenocarcinoma
Fallopian tube Mixed Adenosarcoma
Mucinous adenocarcinoma
Ovary Epithelial Clear cell adenocarcinoma

Low-grade serous carcinoma
Other carcinomas

Adapted from WHO classification of tumors. Editoral Board. Female Genital
Tumors. Lyon (France) IARC 2020 (WHO classification of tumors series, 5th ed.;

Volume 4). https://publications.iarc.fr/592

The female genital tract is characterized by the occu-
rrence of a greater range of tumor types than any other
organ system in the body. This is especially so in the
ovary where numerous diverse tumors, benign and malig-
nant, occur [10]. The term ‘rare tumor’ refers mostly to
non-epithelial subtypes. However, histologically diffe-
rent epithelial subtypes of ovarian, endometrial and
cervical cancers are also to be categorized as rare
tumors due to their different pathological behaviors
[11]. Some examples of rare gynecologic cancers
include, but are not limited to: cervical adenocarcino-
ma, papillary serous tumors of the endometrium, clear
cell cancers of the gynecologic tract, carcinosarcomas,
gynecologic sarcomas, tumors of the vulva and vagina,
sex cord tumors, small cell tumors of the gynecologic
tract, germ cell tumors, gestational trophoblastic tumors.

Challenges in the diagnosis of rare gynecological
cancers

Rare gynecological cancers are associated with worse
outcomes compared to common cancers. It is challen-
ging to reach the accurate and timely diagnosis since
clinical inexperience leads to a delayed diagnosis and
the necessity for second opinions extends the time to

cancer first treatment. Furthermore, correct pathologic
diagnosis of a rare cancer is difficult to reach because
of the rarity of the condition, specialist subjectivity,
limited experience and because rare cancers tend to
have a complex histotypic appearance [6]. Expert con-
sults and a centralized pathological review are ways to
overcome these difficulties. In recent years immuno-
histochemistry has contributed significantly to diagno-
sis in the field of gynecological neoplasia. Also, mole-
cular studies have shown characteristic genetic abnor-
malities in different tumor types, which has contribu-
ted to establishing the histogenesis of various neoplasms.
As an example, high-grade serous carcinomas in the
uterus and ovary have been demonstrated to consisten-
tly harbor p53 mutations, while endometrioid adenocar-
cinomas arising in the same organs not uncommonly
exhibit microsatellite instability and mutations in beta
catenin, k-RAS, PIK3CA and PTEN genes [12]. Mole-
cular studies have also shown that there are two dis-
tinct types of ovarian serous carcinoma, termed low-
grade and high-grade serous carcinoma and these are
two separate neoplastic types rather than high-grade and
low-grade variants of the same neoplasm. Much more
common high-grade ovarian serous carcinomas are cha-
racterized by p53 mutations and BRCA1 and BRCA?2
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abnormalities, while low-grade serous carcinomas are

characterized by k-RAS and BRAF mutations [10].

Appendix 3

Table 2. Estimates of incidence and survival for rare gynecological cancers

Incidence rate Five-year
Cancer entity per 100,000 relative
per year survival (%)

Rare eplthella_l tumors 0.70 432
of corpus uteri

Squamous cell carcinoma with variants of corpus uteri 0.06 54.6

Adenoid cystic carcinoma of corpus uteri 0.00 31.3

Clear cell adenocarcinoma, NOS of corpus uteri 0.16 56.2

Serous (papillary) carcinoma of corpus uteri 0.08 36.5

Mullerian mixed tumor of corpus uteri 0.40 355
Eplthellal tumors of 6.28 65.1
cervix uteri

Squamous cell carcinoma with variants of cervix uteri 4.73 66.5

Adenocarcinoma with variants of cervix uteri 0.91 66.5

Undifferentiated carcinoma of cervix uteri 0.03 30.9

Mullerian mixed tumor of cervix uteri 0.02 28.1
Epithelial tumor of
ovary and fallopian 9.38 37.2
tube

Adenocarcinoma with variants of ovary 5.95 38.3

Mucinous adenocarcinoma of ovary 0.77 58.9

Clear cell adenocarcinoma of ovary 0.30 53.8

Primary peritoneal serous/papillary carcinoma of ovary 0.08 19.1

Mullerian mixed tumor of ovary 0.14 19.5

Adenocarcinoma with variants of fallopian tube 0.17 56.8
Non-epithelial tumors 025 80.6
of ovary

Sex cord tumors of ovary 0.13 76.5

Malignant/Immature teratomas of ovary 0.05 80.6

Germ cell tumor of ovary 0.07 84.4
Epithelial tum_ors of 1.97 573
vulva and vagina

Squ_amous cell carcinoma with variants of vulva and 1.69 59.0

vagina

Adenocarcinoma with variants of vulva and vagina 0.07 423

Paget’s disease of vulva and vagina 0.05 837

Undifferentiated carcinoma of vulva and vagina 0.01 15.8
Trophoblastic tumor of 0.02 85.3
placenta

Choriocarcinoma of placenta 0.02 86.5

Adapted from: Gatta G, Capocaccia R, Botta L, et al. Burden and centralised treatment in Europe of rare tumours: results of
RARECAREnet-a population-based study. Lancet Oncol. 2017; 18(8): 1022-1039.

Novelties in treatment modalities

Regarding treatment, surgery is the first choice for most
gynecologic cancers, followed or preceded by chemo-
therapy and radiotherapy. However, treatment is often
ineffective, and these traditional therapies do not re-
move the malignant cells completely. Changes have
been made to treatment protocols due to the increasing
understanding of the molecular basis of cancers and
discovery of specific molecular targets resulting in the
development of targeted agents and modern immuno-
therapy, including PDL1 inhibitors, anti-angiogenic
drugs, and PARP inhibitors [11,13].

The care for a patient with a rare gynecological cancer
differs fundamentally compared to the care for a pa-

tient with a more common cancer. As all these cancers
have different clinical and pathological characteristics,
as well as different molecular pathways, they also di-
ffer in the response to treatment. The clinical behavior
of the cancer is more influenced by the histology and
tumor biology than the disease site [14]. Different ty-
pes of cancer have different molecular biological path-
ways and therefore knowledge of each individual one
will be needed in order to develop new diagnostic,
prognostic and treatment strategies, such as therapy
that interferes with specific molecular targets [15].
Targeted therapy has higher tumor sensitivity and less
toxic effects to healthy cells. Unlike chemotherapy,
which inhibits DNA replication and mitosis, these agents
target cancer signaling pathways, stroma, immune
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microenvironment, and angiogenesis in tumor tissues.
PARP inhibitors which target defective DNA repair
are used in the treatment of advanced ovarian cancer.
Also, drugs which target angiogenesis are used in the
treatment of advanced or recurrent ovarian and cervi-
cal cancers. Immune check-point inhibitors such as
anti-PD-1/PD-L1 antibodies have proved successful for
mismatch repair-deficient endometrial cancers and HPV-
targeted therapies are under development for HPV-re-
lated malignancies [16].

Potential non-invasive molecular markers for cancer
diagnosis, prognosis and treatment are microRNAS,
which are a class of non-coding RNAs involved in
regulation of gene expression. Their expression is dys-
regulated in different cancers, and they may function
as tumor suppressor or oncogene under certain circum-
stances. Restoration or silencing of miRNA function is
a promising strategy for cancer treatment. MiRNA ex-
pression signatures are associated with tumor type, tu-
mor grade and clinical outcomes [17]. Further research
is necessary to identify miRNAs, their biological func-
tions and target genes in order to use them as diag-
nostic biomarkers, prognostic biomarkers, and thera-
peutic targets [18].

Rare gynecological cancer research

The lack of knowledge as well as therapeutic options
[19] for rare gynecologic cancers is due to the fact that
developing effective treatment for rare cancers is with
slow progress and, in some cases, non-existent. There
are several reasons for the stagnation in rare cancer
research. There is limited availability of tumor tissue
for characterizing tumor biology and for developing cell
lines and animal models to test hypotheses and can-
didate therapeutics. Also, it is challenging to conduct
randomized controlled trials for testing therapies for
rare tumors, due to the low incidence of these tumors
in the overall population, as well as the fact that these
patients may be too geographically dispersed for any
clinical center to accrue enough patients to conduct a
meaningful study. These issues exacerbate the diffi-
culty in studying the natural history of rare tumors,
which has limited our understanding of the biology
and clinical course of many of these tumors. Although
research on rare tumors has been challenging to con-
duct, past studies of certain rare tumors have helped
clarify fundamental mechanisms of tumorigenesis for
both rare and common tumors [20].

Clinical trial design

Since there is a small number of patients with rare
gynecological cancers, it is challenging to perform
clinical trials and secure funds for research [21]. Also,
there is insufficient focus on effective treatment mo-
dalities and evidence-based guidelines. As a result,

treatment is developed based on retrospective studies,
expert opinion or by drawing experience from treat-
ment of more common cancers or from cancers with
similar pathologic characteristics [22]. Since it is diffi-
cult to perform randomized clinical trials, which provide
the highest level of evidence to support diagnostic tools
and treatment, and even more challenging to success-
fully complete them, different approaches have been
proposed for rare cancer research. Trial designs can be
undertaken using a wide array of possibilities. There is
no ‘one size fits all” solution [23]. For example, clini-
cal trials based on cognate genomic aberrations could
be used for molecularly targeted therapies. Also, open-
ended single arm trials, or prospective registry studies
could be used for multimodality organ site-specific
therapies, including surgery, medical therapies, and
radiation therapy [21]. Reporting and accessing data
on tumor biology and clinical information of patients
should be standardized in order to achieve best use of
these data. The challenges in conducting clinical trials
for rare cancers could be overcome by robust inter-
national collaborations [8]. A high-quality management
of rare gynecologic cancers should be based on scien-
tific evidence, international consensus guidelines, mul-
tidisciplinary approach, and high-quality clinical trials,
as well as reference centers and networks sharing
multidisciplinary expertise [24].

Advantages of use of biobanks in rare gynecological
cancers

One of the ways toward collaborative scientific research
is the development of biobanks dedicated to rare gy-
necological cancers. Biobanking is the collection, pro-
cessing and storing of biological samples and data for
research. Information obtained from high quality bio-
logical specimens opens opportunities to learn more
about the causes, prevention, and treatment of the di-
sease. International comparisons made possible by the
study of sample collections from different parts of the
world in combination with epidemiological and clini-
cal data, are invaluable in the pursuit of the evidence
base for cancer control [25].

Studies of many rare forms of cancer are limited by
the difficulty of recruiting a sufficient number of cases
within any single collection center. Networking of
biobanks can lead to accumulating higher-quality sam-
ples and data from different banks, as well as conduc-
ting larger research trials, which will enable the pro-
curement of significant numbers of rare cancers. This
will facilitate future research into biomarkers and
molecular markers of use in a diagnostic setting as
well as in a predictive or prognostic sense [10]. In or-
der to have proper replicability and reliability of the
findings obtained from multi-site-based studies, bio-
banks have to adopt common technical standards for
specimen collection, storage, and annotation, and for
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data collection and management. Networking of bio-
banks necessitates the implementation of legislatives
in different countries, active participation of many pro-
fessionals and most importantly has ethical implica-
tions. Therefore, appropriate methods need to be deve-
loped in order to obtain informed consent from a po-
tential participant, develop research protocols that are
fully compatible with the ethical principles of benefi-
cence, non-maleficence, and justice, protect personal
data, ensure biological and environmental safety, and
make collections accessible and available for reuse for
research purposes under defined conditions [26]. The
development of biobanks dedicated to rare gynecolo-
gical cancers which follow the Standard Operating Pro-
cedures (SOAPS) plays a crucial role in collecting sam-
ples and clinical data for personalized medicine [27,28].

Centralization of treatment

Many of the challenges in rare cancer treatment could
be overcome by centralization of care, i.e., by estab-
lishment of reference centers at an appropriate geogra-
phical level (regional, national, and supranational).
Reference centers should focus on a certain rare cancer
and have a multidisciplinary approach in order to
provide more accurate diagnosis and treatment of rare
cancers. This is made possible because of the signifi-
cantly larger number of cases, the multidisciplinary se-
tting involving expert professionals and access to clini-
cal trials. Some of the disadvantages of centralization
are the need for patients to move, the risk of a longer
waiting list, with consequent discomfort and possible
negative effects on outcome [29,30].

Importance of patients’ associations

Finally, it is important to emphasize the role of patient
associations in the process of guiding the patient to
reference centers and clinical trials. Patient advocacy
groups have additional means of communicating with
patients and their families, and through these commu-
nications they have the potential to speed dissemi-
nation of information on emerging cancer therapies.
Social media platforms now enable virtual patient
aggregation on a larger scale [21].

Conclusion

Although progress has been made in the understanding
and treatment of rare gynecological cancers, as treat-
ment has shifted from the ‘one size fits all’ paradigm
to specific target therapies, there is still a need for
further research. Investigating and treating rare gyne-
cological cancers is challenging because of the small
cohort of patients for clinical trials, obstacles in inter-
national cooperation and financial support for research.
Since it is difficult to perform randomized clinical

trials, and even more challenging to successfully com-
plete them, different clinical trial designs need to be
implemented for rare cancer research.

International collaboration is necessary for the conduct
of clinical trials with adequate statistical power to pro-
vide scientific evidence for development of diagnostic
tools, treatment and to evaluate prognostic factors. One
of the ways toward collaborative scientific research is
the development of biobanks dedicated to rare gyne-
cological cancers. International comparisons made po-
ssible by the study of sample collections from different
parts of the world are invaluable in the pursuit of the
evidence base for cancer control.

Diagnostic accuracy coupled with appropriate treat-
ment policies would ultimately help patients with rare
tumors improving survival and quality of life, while
simultaneously maintain healthcare expenditures at a
reasonable level. The complex care of patients with
rare gynecological cancers should be based on scienti-
fic evidence, international consensus guidelines, high-
quality clinical trials, and a multidisciplinary app-
roach, including gynecologists, pathologists, oncologists,
molecular biologists, radiologists, geneticists, etc. Many
of the challenges in rare cancer treatment could be
overcome by centralization of care, i.e., by establish-
ment of reference centers.

Through quality international research and collabo-
ration, as well as involvement of pharmaceutical in-
dustries, new cost-effective and targeted treatments and
prevention strategies will be developed more rapidly,
which will ultimately lead to better patient care and
improved patient outcomes.

Conflict of interest statement. None declared.
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Abstract

Introduction. Pleural effusion is a common compli-
cation of malignant diseases and its precise diagnosis
is an important factor for staging and optimizing the
treatment of a patient. The aim of this study was to de-
termine the diagnostic value of cytology and cytoblock
in the detection of malignant pleural effusion in patients
with pulmonary and extra-pulmonary neoplasms.
Methods. We conducted a cross-sectional study from
January 2022 to March 2023 with retrospective approach.
We included 92 patients with malignant diseases re-
ferred to our Clinic of Pulmonology for diagnosis of
their new-onset pleural effusion. We analyzed their
medical history, pathohistology of the primary tumor
and cytology results from cytospin and cytoblock pre-
paration from their pleural effusions samples

Results. Of the 92 included patients, positive cytology
(classification group IV and V) was obtained in 31
(33.69%), negative (group I and 1) in 57 (61.95%) and
group 11l in 4 patients (4.34%). Positive cytology was
obtained in 17 patients (54.83%) with pulmonary neo-
plasms, 11(35.48%) with extra-pulmonary neoplasms
and 3(9.67%) neoplasms with undefined etiology. Com-
paration of the results from cytoblock and cytospin
preparations showed that the diagnostic yield of cy-
toblock was greater that cytospin preparation. The
results from cytoblock were compatible with the
pathohistology result from the primary neoplasm in
88.46% of patients.

Conclusion. Cytology and cytoblock obtained from
pleural effusion could be valid diagnostic procedures,
especially in patients with advanced malignant disease
who are not candidates for more invasive diagnostic
procedures.

Correspondence to: Dejan Todevski, PHI University clinic of
Pulmonology and Allergy, 1000 Skopje, R. N. Macedonia; E-mail:
dejan.todevski@yahoo.com

Keywords: pleural effusion, sensitivity, malignant
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Arncrpakr

Bogen. [11eBpalHHOT U3JIHMB € YecTa KOMILTHKAIIH]a Ha
MaJUTHUTE OOJIECTH W HEeroBara MpelU3Ha JUjarHoOC-
THKa € 3Ha4acH (akTop MPH OAPEIYBALETO HA CTa-
OUyMOT Ha 0oJiecTa W JOHECyBame Ha OMJIyKa 3a OIl-
TUMaJIeH TpeTMaH Ha 6omHnoT. Llenta Ha oBaa ctyauja
Jla ce OJ[peNy JUjarHOCTHYKATa BPEIHOCT Ha IUTOJIO-
rujata v KJIETOYHHOT OJIOK BO JIETEKIMja Ha MAJIATHU-
Te TUICBPAJTHU U3JIMBH Kaj OOJIHUTE cO OenoapoOHU W
BOHOEIOAPOOHU HEOTINIa3MHU..

Mertoau. HanpaBuBMe cTyauja Ha Tpecek 3a MepHoI
Janyapu 2022 1o Mapt 2023 roawHa co peTpoOCIeK-
TUBEH Ipucran. BxiydnsMme 92 nanueHTu co MajlurHo
3a00yBame, MpaTeHW Ha KIMHWKaTa 3a [lynMororuja
3a IMjarHOCTHKAa HAHOBO HACTAHAT IUIEBpPAJICH W3JIHB.
Ja aHanu3upaBMe HUBHAaTa MEAMIIMHCKATa HCTOPH]a,
[ATOXUCTOJIOTHjaTa OJf IPUMAPHUOT TyMOp, U Pe3yil-
TaTUTE OJ IUTOCIUH MPENapaToT U KICTOYHUOT OJIOK
O] MPUMEPOKOT O J0OUeHaTa IIeBpaHa TCUHOCT.
Pesynraru. Opn BrirydeHute 92 OOJHH, MO3UTHUBHA
nutonordja (4 u 5 kacudukauona rpymna) € roo0nueHa
kaj 31 6omen (33,69%), neratupHa (1 u 2 Tpyma) kxaj
57(61,95%) 6omnu, a 3 rpyna kaj 4 comnu (4,34%). Io-
3WTHBHA LUTOJIOTH]a ¢ mobueHa kaj 17 comuu (54.83%)
co 6enmoapoden Tymop, 11(35,48%) GostHu co BoH Oe-
noapoben tymop u 3(9.67%) MalIurHOMH CO HejacHa
etnonoruja. Ciopenbara Ha KJIETOYHHOT OJIOK U IUTO-
CIIMH TPEenaparoT MOKaXKyBaaT AeKa JHjarHOCTHYKATa
BPEHOCT Ha IHMTOOJOKOT € IMorojieMa BO OJHOC Ha
IMTOCIIMH TIpenapaTot. Pe3yntatnTe ox KieTodeH 010K
Bo 88,46% coOaBETCTBYBaa CO MAaTOXUCTOJOMIKHOT
HAO/ OJ] MpUMapHaTa OoJIecT.

3akiay4ok. I{uTonorujara U KIETOYHHUOT OJIOK OJT TJIEB-
pajieH u3JIUB O MOXKene na OuaT BajJuIHH UjarHOC-
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TUYKH TPOLEAYPH, TIPS Ce Kaj MAIMEHTH CO Hampe-
HaTa MaJlurHa 0oJiecT, KOM He ce BO COCTOoj0a Ja u3-
JpKaT MHBAa3UBHU [I1jarHOCTHYKH TIOCTAIKH.

Kiyunu 3060poBH: TUIeBpaicH U3JIUB, CEH3UTUBHOCT,
MaJIUTHH OOJIECTH, IIUTOIATOJIOTHja

Introduction

Malignant diseases are imposed as one of the leading
and at the same time the most serious causes of pleural
effusion and are accounted for approximately 23.7%
of all pleural effusions [1]. Most of the cases of ma-
lignant pleural effusions (MPE) are the result of a me-
tastatic deposits on the pleura from the primary di-
sease, of which the most common cause is lung cancer
in men and breast cancer in women. These two diseases
together account for 50-65% of all malignant pleural
effusions [2,3]. Mesothelioma is the most common
primary tumor of the pleura, associated with exudative
pleural effusion in over 90% of cases [4]. The most
common malignancies causing malignant pleural effu-
sions in men are lung malignancy (49.1%), lympho-
ma/leukemia (21.1%), gastrointestinal tract malignan-
cies (7.0%), genitourinary tract malignancies (6%) and
malighant melanoma (1.4%). In women, breast cancer
is the most prevalent with 37.4%, genital tract malign-
nancies (mostly ovary) 20.3%, lung cancer 15%, lym-
phoma 8.0% and neoplasms of the gastrointestinal tract
with 4.3% [5]. In 5-10% of all malignant pleural effu-
sions, the primary cause remains unknown [6].

Cytological analysis of fluids obtained from serous
cavities (mostly pleural and peritoneal) is among the
greatest challenges of modern cytopathology. Cytolo-
gy is established and already represents a routine me-
thod in the identification of the causes of pleural
and/or peritoneal effusion. However, the distinction
between benign and malignant cells in serous effusions
with cytological methods (cytospin preparations, cyto-
blocks) often represents a diagnostic challenge. This
primarily refers to the relatively low sensitivity of
cytological methods in the evaluation of the liquid,
which is sometimes due to unclear visualization of
certain morphological details of the cells themselves,
overlapping or loss of cells and other changes that
occur during the laboratory processing of the material
[7]. Other factors that also affect the sensitivity of
cytological methods is the presence of blood clots or
tissue fragments in the liquid, which is especially
important for cytoblocks, which are more successful if
the samples are mixed with blood and if there are
tissue fragments [8]. Although cytospin preparations
are a fast, efficient and inexpensive method to increase
the number of visible cells in microscopic preparations
with good preservation of cellular morphology, the
production of cytoblocks is associated with increased

cellularity of preparations, improved morphological
details of cells, preservation of architectural structures
(papillary, three-dimensional, “cell balls™) as well as
better nuclear and cytoplasmic preservation. Other
advantages are the possibility of multiple sections of
the same material in order to make additional special
stainings and immunohistochemical analyses [9], and
more recently, the possibility of molecular testing [10].
The possibility of molecular and immunological pro-
filing is particularly important for determining thera-
peutic indications for targeted and/or immunotherapy.
One of the biggest advantages of cytoblock prepara-
tions is the appearance of the cells in them, which
corresponds to that of the histopathological prepara-
tions [11]. The complementary use of several cytopa-
thological techniques together: cytospin preparations,
cytoblocks and immunohistochemistry greatly increases
the diagnostic sensitivity of cytology in the detection
of malignant pleural and peritoneal effusions. In a stu-
dy of 150 samples of pleural and peritoneal fluid [12],
pleural effusion of malignant etiology was detected by
classical cytology in 19.23% of samples, while cytolo-
gy combined with cell block and immunohistochemis-
try confirmed malignant etiology of pleural effusion in
34.61% of the samples. Similar results were obtained
from peritoneal fluid samples: 17.65% versus 30.88%.
The authors conclude that the use of cytoblocks and
immunohistochemistry in the cytopathological analysis
of pleural and peritoneal fluid greatly increases the
diagnostic sensitivity and specificity of cytology in the
detection of malignant pleural and peritoneal effusions
and that the combined use of cytoblocks and immuno-
histochemistry is more useful than cytological analysis
alone.

In a clinical study of 50 patients comparing cytological
methods in the evaluation of pleural effusions with
pleural biopsy as the gold standard in the diagnosis of
malignant and non-malignant pleural effusions [13], in
8 patients malignant pleural effusion was proven by
classic cytology, in 10 patients by the cytoblock tech-
nique, and in 11 patients malignant disease was diag-
nosed by pleural biopsy. The authors conclude that the
cytoblock technique of pleural fluid processing is com-
plementary to classical cytology in the diagnosis of
pleural effusions, however, due to the preserved arche-
tectonic structures of the cells in the cytoblock pre-
parations, it is superior to classical cytology in the de-
tection of malignant pleural effusions and can repre-
sent a bridge between cytopathological and pathohisto-
logical methods. Considering the difficulty and invasi-
veness of the diagnostic methods used to provide an
adequate histopathological sample (pleural biopsy,
bronchobiopsy, surgical biopsy) as opposed to pleural
paracentesis used to provide a sample for pathocyto-
logical analysis (cytospin, cytoblock studies) the deve-
lopment and utilization of certain cytopathological me-
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thods (the cytoblock technique) in the evaluation of
malignant pleural effusions is increasing even more.

Obijectives of the study

To determine the distribution of patients with pleural
effusion and malignant disease by sex, age and type of
primary tumor

To determine the frequency of malignant pleural
effusion in patients with confirmed malignant disease
and pleural effusion

To determine the  frequency of  certain
pathohistological types of malignant diseases and the
occurrence of pleural effusion by gender distribution
Determining the diagnostic value of cytology and cell
block from pleural effusion in patients with pulmonary
and extrapulmonary malignancies.

Material and methods

treated at the University Clinic for Pulmonology and

Allergy in the period from January 2022 to March

2023 were analyzed. In all patients, a diagnostic

pleural paracentesis was performed and a sample of 60

mL of fluid was collected. Cytopathological analysis

of cytospin preparation and cell block was requested

for all samples.

The following parameters were analyzed:

- Demographic characteristics of patients (gender,
age)

- Results of the pathohistological findings of the
primary malignant disease

- Cytopathological ~ findings  from  cytospin
preparations and cell block from pleural punctate

- Standard descriptive statistical analysis, with
determination of frequencies, was made with
Microsoft Excel, 2016.

Results

The medical history of 92 patients with malignant

Material disease and accompanying pleural effusion was
analyzed. Patients were equally represented according
The study included patients with a diagnosed to gender distribution, i.e. 48(52.17%) men and

malignant disease aged over 18, who were referred to
the University Clinic for Pulmonology and Allergy,
Skopje for additional diagnostics of a present pleural
effusion, in the period from January 2022 to March
2023. The pathocytological analysis of the samples
from the pleural effusion was performed at the
University Clinic for Radiotherapy and Oncology and
the Institute of Pathological Anatomy at the Faculty of
Medicine in Skopje.

Methods

A cross-sectional study was done with a retrospective
approach. Data from the medical history of patients

44(47.82%) women with an average age of 61.42+4.79
(CL 95%) years.

In the analyzed material, extra-pulmonary neoplasms
were the cause of most of the pleural effusions
associated with a confirmed malignant disease in 45
patients (48.91%), while the other part was due to
neoplasms of pulmonary origin 40(43.47%). In
7(7.61%) patients, the origin of the primary malignant
disease was not clearly identified. The distribution of
patients by gender indicated that lung neoplasms were
dominant in men (55.77%), while 65.0% of extra-
pulmonary neoplasms with pleural effusion were
found in women (Table 1).

Table 1. Distribution of patients according to gender and primary localization of the neoplasm

Primary localization Total % Total % In total %
of the neoplasm men women
Pulmonary neoplasms 29 55.77% 11 27.5% 40 43.48%
Extrapulmonary neoplasms 19 36.54% 26 65.0% 45 48.91%
Undefined 4 7.69% 3 7.5% 7 7.61%
Total by gender 52 100% 40 100% 92 100

Cytopathological confirmation of malignant cells in
pleural effusion, in relation to the total number, was
found in 31(33.69%) of patients. Of the samples with
positive cytology, 17(54.84%) came from patients with
pulmonary neoplasm, 11(35.48%) from patients with
extra-pulmonary neoplasm and in 3(9.68%) the primary
neoplasm was not defined (Figure 1).

Table 2 presents the results of the cytological analysis
of the preparations according to the type of primary

neoplasm. In patients with primary lung neoplasm,
positive cytology (marked as classification group IV
and V) was obtained in 17(42.50%), negative cytology
(classification group | and Il) was obtained in 21
(52.50%) patients, and classification group I1l, defined
as “a finding suspicious for a malignant pleural effu-
sion”, in 2(5.00%) of the samples. Regarding extrapul-
monary primary malignancies, positive cytology (cla-
ssification group IV and V) was obtained in 11 (24.44%),
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Distribution of positive cytology
according to the origin of the primary neoplasm

not defined;
9.68

extra-
pulmonary
pulmonary
neoplasm; TIRapNasi,
il 54,84
35.48
s pumonary neoplasm = extra-pulmonary neoplasm = not defined

Fig. 1. Distribution of positive cytology according to the origin of the primary neoplasm

negative cytology (classification group I and II) in 32
(71.11%), and classification group Ill, that is, a finding
suspicious for a malignant pleural effusion, in 2
(4.44%) of the samples.

The highest percentage of positive malignant cytopa-
thological findings in the pleural effusion was found in

lung adenocarcinoma (45%), followed by breast can-
cer (16%) and mesothelioma (39%) (Figure 2).

Table 2. Presentation of cytological results of pleural effusion in patients with

confirmed malignant disease

Classification Pulmonary Extra- Undefined Total
group pulmonary

1+l 21(52.50%)  32(71.11%)  4(57.14%)  57(61.96%)

1] 2(5.00%) 2(4.44%) 0(0%) 4(4.35%)

IV+V 17(42.50%)  11(24.44%)  3(42.85%)  31(33.69%)

Total 40(100%) 45(100%) 7(100%) 92(100%)

Percentage representation of malignant pleural effusions
depending on the type of primary neoplasm

others
39%

\

breast cancer
16%

lung cancer
45%

L Illllg cancer = breast cancer = others

Fig. 2. Percentage representation of malignant pleural effusions depending

on the type of primary neoplasm

Lung cancer and breast cancer together accounted for
61% of confirmed malignant pleural effusions in this
study. Among patients with lung cancer, lung adeno-
carcinoma was prevalent with 71.43%.

The results form the cell blocks of 26 of the patients
with malignant disease and associated pleural effusion
were analyzed, of which 10(38.46%) were men and
16(61.54%) were women.

According to the pathohistology of the primary tumor,
13(50.0%) samples were from patients with lung neo-
plasm, 4(15.38%) patients with breast cancer, 2(7.69%)

with lymphoma, 2(7.69%) with ovarian cancer, 1(3.85
%) with bladder cancer, 1(3.85%) with melanoma and
3(11.54%) neoplasms of undefined etiology.

The results of the pathocytological analysis of the cell
block were compared with the results of the cytospin
preparation from the same patients.

The results obtained with cell block showed that in 24
of a total of 26(92.31%) preparations a clear confirma-
tion of malignant pleural effusion was obtained, that
is, the result was positive and conclusive. In 2(7.69%)
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cell block preparations, a result interpreted as a sus-
picion of malignant disease was obtained.

The results obtained with the cytospin technique clear-
ly confirmed the existence of a malignant etiology of
the pleural effusion (classification group IV and V) in
22 of 26 patients (84.62%), malignant etiology was not

detected in the effusion (classification group | and II)
in 1 patient (3.85%), while in 3 (11.54%) patients, a
classification group Il result was obtained, where, the
finding was inconclusive or the malignant etiology or
malignant effusion was not clearly confirmed (Figure 3).

Comparison of the diagnostic value of preparations obtained by

cytospin and cell block

W Cytc

=y

inconclusive

m cell block

Fig. 3. Comparison of the diagnostic value of preparations obtained by

cytospin and cell block

The results of cell block in 88.46% (23 of 26 patients)
corresponded with the pathohistological finding of the
primary disease.

Discussion

Malignant pleural effusion is the second most common
cause of pleural exudate [14] and occurs in 15% of
cancer patients [15]. Determining the exact etiology of
the pleural effusion in patients with concomitant malig-
nant disease is necessary when making a decision on
the optimal treatment for a patient. Confirmation of a
malignant etiology of the pleural effusion always means
an increase ("up-grade™) of the stage of the disease and
limits the possibility of surgical treatment of the pri-
mary disease. Occurrence or worsening of pleural
effusion, during or after completion of oncological
treatment, may necessitate a change in therapy. On the
other hand, due to the severe general condition of on-
cology patients, often associated with impaired heart,
kidney or liver function, as well as malnutrition and
possible hypoproteinemia, the pleural effusion will not
always be of malignant etiology. In such a case, timely
recognition and appropriate treatment is crucial.

In this study, extrapulmonary tumors were most co-
mmonly associated with pleural effusion (48.91%),
followed by lung neoplasms (43.47%) and neoplasms
of unknown origin (7.61%). However, cytospin and
cytoblock confirmed malignant pleural effusions in
this study to be most commonly of pulmonary origin
(42%), followed by breast cancer (16%) and all other
neoplasms (39%). This is in accordance with some
other studies, such as that by Shahini et al. [16] where

the cytoblock technique was used for cytological ana-
lysis of suspected malignant pleural effusions. In the
same study of 152 positive malignant effusions, con-
firmed by cytoblocks, in 82 of them the cause of the
malignant pleural effusion was lung cancer, followed
by 15 cases of breast cancer, 8 tumors of the gastroin-
testinal tract, 6 of the female genital tract and 24 of
unknown origin.

A large number of studies have confirmed the relati-
vely low diagnostic sensitivity of cytological prepara-
tions in the confirmation of malignant pleural effusions
(58.2%) with significant differences between studies
[17]. Although the repetition of diagnostic paracentesis
increases the diagnostic value of cytological prepara-
tions by about 27%, the greater number of paracente-
ses (over two) increases the diagnostic value of cytology
by only 5%, which is why it is not recommended in
most guidelines [18]. Also, the role of a larger volume
of fluid sent for cytology may have a certain role in
increasing the sensitivity of cytological preparations,
especially if the first finding is negative, but more stu-
dies are needed to define exactly the amount of fluid
that should be sent [19].

In the study by Porcel et al. [20], 632 cytological
smears and 554 cytoblocks from 414 patients with
pleural effusion were evaluated. The diagnostic value
of the cytological analysis from the first sample of the
fluid was 44% regardless of whether smears or cyto-
blocks were performed. Evaluation of the additional
fluid sample increased the diagnostic value of both
smears and cytoblocks to 56%. About 11% of the sam-
ples that were negative for malignancy in the cytolo-
gical smears, showed malignant cells in cytoblocks;
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however, and conversely 15% of the negative cytolo-
gical smears were reported as positive in the cyto-
blocks. The authors conclude that the simultaneous use
of cytological smears and cytoblocks is necessary to
increase the sensitivity of the pathocytological eva-
luation of pleural effusions. The results of this study
showed a greater diagnostic value of cytoblock prepa-
rations. In 24 out of a total of 26(92.31%) of them, a
clear confirmation of malignant pleural effusion was
obtained in relation to classic cytospin preparations, in
which malignant pleural effusion was confirmed in 22
of 26 patients (84.62%). It is in accordance with the
study of Shivakumarswamy et al. [21] who referred to
an increased diagnostic sensitivity of cytoblocks by about
15% compared to the classic cytospin preparation in
distinguishing malignant pleural effusions.

Although cytoblock preparations show an increased
diagnostic value compared to cytospin preparations,
the simultaneous use of both increases the sensitivity
of the overall pathocytological analysis in the detec-
tion of malignant pleural effusions. This is especially
significant in cases where an adequate sample for pa-
thohistological diagnosis cannot be provided and the
use of the cytoblock represents a bridge between classical
cytology and pathohistology.

Conflict of interests: None declared.
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FT3/FT4 RATIO PREDICT SURVIVAL IN SURGICALLY TREATED PATIENTS WITH RENAL
CELL CARCINOMA
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INAIIMEHTHU CO KAPHMHOM HA BYBPET
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Abstract

Aim. The primary objective of this study was to exa-
mine the connection between hormone levels, speci-
fically the fT3/fT4 ratio, and surgical outcomes in
renal cell carcinoma patients. The study aimed to assess
the prognostic value of hormone status in predicting
progression-free survival and overall survival follo-
wing surgery.

Methods. This prospective study included patients
scheduled for surgical treatment of renal cell carcino-
ma. Patients aged over 18 years with ASA status I-11l
were enrolled in the study. Thyroid status was eva-
luated by pre- and post-surgery hormone values and
ultrasonography findings preoperatively. The fT3/fT4
ratio was calculated for every patient.

Results. Analysis was conducted on 40 patients with
complete data. The median age of the cohort was 64.3
years, with 1/4 of patients aged over 70. Clear cell
carcinoma predominated (92.5%), with 55.1% falling
into the intermediate international metastatic renal cell
carcinoma database consortium, risk group. Surgery.
In 82.5% of patients laparoscopic intervention was
performed. The fT3/fT4 ratio significantly correlated
with the median progression free survival (5, 14, and
20 months for low, intermediate, and high ratio groups,
respectively) and median overall survival (7, 26, and
40 months for low, intermediate, and high ratio groups,
respectively) (p<0.005).

Conclusion. Our findings underscore the importance
of the fT3/fT4 ratio as a valuable prognostic indicator
for renal cell carcinoma patients undergoing surgery.
The fT3/fT4 ratio was related to worse progression
free survival and overall survival, emphasizing the po-
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potential role of hormone status in predicting out-
comes. potential role of hormone status in predicting
outcomes.
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Ancrpakr

Bogen. IIpumapnata 11e71 Ha oBaa CTyaAuja Oerre 1a ce
UCTPaXXH TIOBP3aHOCTAa MOMEry HHMBOATa Ha XOPMOHHUTE,
koHKpeTHO oxHocoT fT3/fT4 u xupyprukuor ucxox 3a
MAIUeHTH CO KapIMHOM Ha OyOper. CTynujaTa umarie
3a el Jia ja MpOLEHH MPOTHOCTHYKAaTa BPEAHOCT Ha
XOPMOHCKHOT CTaTyC BO TPEABHAYBAHETO HA MPEKH-
BYBameTO 0€3 MporpecHja M MEJIOKYITHOTO MPEKHUBY-
Bam€ 110 OlepalyjaTa.

Mertoau. OBaa TPOCHEKTHBHA CTyAuMja omdard Ima-
[UCHTH 3aKaKaHH 32 OMEpaTHBEH TpeTMaH Ha OyOpe-
JKEH KapLMHOM. BrilyuyBa manMeHTH Ha BO3pacT Haj
18 romuan co ACA cratyc I-11l. Ctarycot Ha THpOHI-
HaTa kje3na Oelle eBalyupaH MPEeKy BPEIHOCTHTE HA
XOPMOHHTE TPEeA U 10 OnepaiyjaTa u HaoJ0T Of YJ-
TpacoHorpaduja Ha THPOMJHATA XKJIE3[a TpeJorepa-
TUBHO M XOPMOHCKHOT CTaTyC IOCTOIepaTtuBHO. Oj-
nocot fT3/fT4 Gerre mpecmeTaH 3a CEKOj MAIUEHT.
Pe3yaratu. CrpoBenena e ananuza Ha 40 manueHTH
cO IeJocHH moxaTonu. [Ipoceynara Bo3pact Ha Tpy-
mara Oeme 64,3 roguHu, co 1/4 on malUEHTUTE Ha
Bo3pacT Haja 70 rogunu. IlpeoBnaayBaine 4ucTo Kie-
ToueH KapuuHoM (92,5%), npu mto 55,1% cnaraat Bo
CpeIHO pH3WYHATA IPyIia Off HTepPHAI[MOHAHaTa 6a3a
3a mojarony Ha OyopexxHu kapruHomu. Kaj 82.5% ox
aIMeHTUTE WHTEPBEHIMjaTa Oellle CIpOBENCHA Jiara-
pockoncku. Onnocor fT3/fT4 3navajHo Kopenupaiie
CO MPOCEYHOTO MPEXKUBYBamke 0e3 nporpecuja (5, 14 u
20 Mmecer 3a rpymny cO HU30K, CPEJICH U BUCOK OJHOC,
COOJIBETHO) U MPOCEYHO LEJIOCHO NpexuByBame (7, 26
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u 40 Mmeceuu 3a HHU30K, CPEIEH M BHUCOK COOJHOC
rpymu, cooaseTHo) (p<0,005).

3akaydok. Hammre Haoau ja HariacyBaaT Ba)KHOCTa
Ha ogHocoT fT3/fT4 kako 3HauaeH MPOTHOCTUYKH
MOKa3aTell 3a MalueHTHTe CO KapIHOM Ha OyOpeHH
KJIETKH KOM C€ MOJJIOKEHH HAa OIEePTUBEH TPETMaH.
Cooanocor na fT3/fT4 Gewe moBp3aH co MONOLIO
NpeXUBYBabe Oe3 MporpecHja M LENOKYITHO IPEKH-
BYBam€, HAIJIaCyBajKH ja TIOTCHIIMjaTHATA yJIoTa Ha CTa-
TYCOT Ha XOPMOHOT BO TIPEJBH/IYBAkHETO HA HCXOMOT.

Kiryunu 300poBH: THPOUIHN XOPMOHH, TUPOUIHA
)kiesna, OyopekeH KapInHOM

Introduction

Recently, hormone levels have been linked to superior
outcomes in elderly or vulnerable patients admitted to
hospitals for acute illnesses [1,2]. It has been demon-
strated that the presence of low-free triiodothyronine
(fT3) in the absence of thyroid function abnormalities
-referred to as "euthyroid sick syndrome”-is an inde-
pendent predictor of prognosis in patients admitted to
hospitals for coronary failure, acute coronary syndro-
me, end-stage renal disorder, and others [2-4]. Low
fT3 levels in cancer patients are linked to a worse
prognosis in individuals with various solid malign-
nancies [5-7]. Rather than watching the averages of the
two hormones (fT3, fT4), the fT3/fT4 ratio could be a
far better predictor to show what proportion of
peripheral deiodination activity there's. It'd even help
sort patients whose fT3 levels are normal. Thyrotropin
(TSH) is not widely utilized since it is less consistent
and tends to remain within the traditional range for an
array of reasons, including pituitary dysfunction, dec-
reased synthesis of hypothalamic hormone resistance
(THR), and decreased pulsatility of TSH. The fT3/fT4
ratio has also been shown to be predictive of a shorter
overall survival (OS) and progression-free survival (PFS)
among individuals with metastatic colorectal cancer.

The emergence of hypothyroidism after anti-VEGF ty-

rosine kinase inhibitor therapy may be a well-known
good prognostic factor for renal cell carcinoma (RCC)
therapy [8]. However, there is currently insufficient
data on the importance of baseline thyroid measure-
ments, specifically the fT3/fT4 ratio.

Therefore, we designed a prospective study to deter-
mine the correlation between the initial fT3/fT4 ratio
and the outcome of surgery for RCC.

Material and methods

This prospective observational study was conducted at
the University Clinic for Urology and University Clinic
for Anesthesia, Reanimation, and Intensive Care wit-
hin the tertiary University Hospital in Skopje after
receiving an internal ethical review board approval and
consent of patients included in the evaluation. All
consecutive patients scheduled for surgical treatment
of RCC, aged above 18 years with ASA status I-111,
were enrolled in this evaluation. Thyroid status was
assessed by the hormone values and ultrasonography
findings of the thyroid before surgery, and hormone
values after surgery. All biopsies were made in the
same accredited hospital laboratory. The ratio of
fT3/fT4 was calculated for every subject. In a 40-
month period, the Kaplan-Meier approach was employed
to gauge OS and PFS from the beginning of surgery to
eventual death from any cause or progression of the
disease. Every patient was assessed during the follow-
up period. Primary outcomes of this analysis were the
extent of T3, T4 and T3/T4 ratio. Secondary outcomes
were postoperative complications, length of hospital
stay, disease free survival and overall survival.

Results

This study included 60 patients. Only 40 patients' data
were examined (Figure 1). Consequently, only indivi-
duals with complete data and therefore the ability to
calculate fT3/fT4 ratio were included in the study.
Demographic data and important clinical characteris-
tics of patients are listed in Table 1.

‘ Assessed for eligibility (n=70) |

Excluded (n=10)
Not meeting inclusion criteria (n=2)

Emergency surgery (n=3)
Declined to participate (n=3)
Other reason (n=2)

Included (n=60)

B

Lost to follow-up (n=15)
Discontinued observation (n=3)

f

Follow-up (n=40)

Il

==n

Analyzed (a=40) ‘

Fig. 1. Consolidated standards of reporting trials flow diagram
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Table 1. Patients’ characteristics and demographic data
Number of

Parameter patients (%)
Gender
Male 28(70%)
Female 12(30%)
Age
Median (range) 64.3
>70 years (%) 12(30%)
Histology
Clear Cell 37(92.5%)
Other 3(7.5%)
Metastatic Sites
Lung 10(25%)
Bone 4(10%)
Liver 1(2.5%)
CNS /
Lymph nodes 20 (50%)
Others 5 (12.5%)
Baseline thyroid hormone levels
fT3 (median + SD) pmol/L 47442
fT4 (median £ SD) pmol/L 14.5+12.4
IMDC risk classification
Good 5(12.5%)
Intermediate 32(80%)
Poor 3(7.5%)
N/A /
Time from diagnosis till treatment
>12 month 4(10%)
<12 month 36(90%)
CNS, central nervous system; IMDC, international

metastatic renal cell carcinoma database consortium, NA,
not available

The cohort's median age was 64.3 years, and around
one-quarter of the patients were older than 70. Clear
cell carcinoma affected the majority of patients, with a
predominance of intermediate identification of interna-
tional metastatic renal cell carcinoma database consor-
tium (IMDC) risk group (55.1%).

All patients underwent surgery. Laparoscopic inter-
vention was performed in 33 patients (82.5%). In seven
patients (17.5%) open classical surgery was performed.
Thyroid hormone levels were also assessed before and
after surgery. Ultrasonography of the thyroid showed
normal findings in 38 patients, two patients had single
nodule of the gland. Following fT3/fT4 ratio, we divi-
ded patients into three separate groups; the baseline
value between the low and intermediate groups was
0.25, and the baseline value between the intermediate
and high groups was 0.35.

Table 2. Thyroid hormone levels

Parameter Baseline After Surgery

T3 pmol/L 3.81+£1.64 4.1+1.9
T4 pmol/L 17.59+4.6 19.9+7.1
TSH ulU/ml 1.5+1.62 21+1.1
fT3/fT4 ratio

low 0.21+0.1 0.20+0.12
intermediate 0.26+0.12 0.25+0.13
high 0.35+0.16 0.35+0.38

There was a significant difference (p<0.05) within the
median PFS between the low, intermediate, and high
fT3/fT4 ratio groups (5, 14, and 20 months, respective-
ly). The median anticipation was 7, 26, and 40 months
within the low, middle, and high fT3/fT4 ratio groups,
respectively (p<0.05). The low fT3/fT4 ratio was
related to worst PFS and OS. Hormone levels are
presented in Table 2.

Discussion

The results obtained in this study shed a new light on
an intriguing connection between hormone metabolism
and renal cell carcinoma patients' prognosis and surgi-
cal outcomes.

Our analysis reasoning was motivated by clinical cir-
cumstances that resembled cancer but were not an
equivalent illness. Additionally, new data on the asso-
ciation between hormone and oncological RCC treat-
ment in patients with colorectal cancer was released on
the same subject [9-11].

Our analysis on the importance of hormone status as a
risk factor assessment that follows RCC surgery vali-
dates published data on various neoplasms by showing
that hormone insufficiency, represented by a decreased
fT3/fT4 ratio, is an important prognostic risk in pa-
tients with RCC who undergo a systemic treatment [7,9].
Thyroid hormone levels changing during acute or
chronic illness (also referred to as non-thyroidal illness
syndrome (NTIS)), may be a common occurrence
linked to a poorer prognosis in patients with active
spread of disease [1-4].

Nowadays, it is unclear if these alterations need to be
considered a real tissue hypothyroidism requiring hor-
mone replacement therapy, or if they represent an
adaptive response to sickness [4]. Many variables are
under consideration while analyzing the pathophysiology
of non-thyroxine syndrome. These include aberrant
activity of the hypothalamic-pituitary axis (which is
vital within the early stages of acute illness), altera-
tions in hormone metabolism, and abnormalities wit-
hin the expression of hormone-binding protein and
thyroid hormone receptor [4].

The family of enzymes mentioned as iodothyronine
deiodinases is really responsible for determining the
amounts of the active level of thyroid hormones. These
enzymes can convert the biological precursor T4 (pro-
duced by the thyroid) into the "active™ form T3 (by
deiodinases D1 and or D1 and D2) or the inactive
forms rT3 (from T4) and T2 (from T3) (by deiodinase
3, D3) [2-4]. The three deiodinases involved in the me-
tabolic pathway vary within the tissues. D2 is expre-
ssed in striated muscle, where it is present within the
cells and creates most of T3; D3 is an inactivating
enzyme that is essential for placental and fetal tissues.
is expressed in the liver and kidneys [8].
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Chronic systemic inflammation, liver or renal dysfunc-
tion, cachexia, and chronic sickness might cause D1
and D2 to be less active and D3 to be more active,
which lowers fT3 levels [12-13]. These clinical scenarios
are typical in cancer patients, especially when the di-
sease is nearing its end, and patients are usually linked
to a dismal prognosis. Negative prognostic variables
include neutrophil and platelet count, which are indi-
rect measures of systemic inflammation, are widely
known [14-15]. Thus, the impairment of thyronine
deiodinases and NTIS may function as indirect indi-
cator of organ dysfunction, cachexia, sarcopenia, or
chronic systemic inflammation-all of which are linked
to a more advanced disease, a poorer prognosis, and a
poorer response to systemic therapy. Nonetheless, the
pathophysiological process in cancer patients is still up
for debate, as is the impact of hormone and deiodinase
activity on the differentiation and proliferation of can-
cer cells [16]. Furthermore, while substitutive hormo-
ne therapy with triiodothyronine does not seem to
achieve success in non-cancer disorders, it is uncertain
if it can enhance the oncological result or, at least,
clinical symptoms [4,13]. Numerous researchers in the
field of oncology discovered a correlation between the
low fT3 levels and a poorer prognosis in patients with
lymphomas and other advanced solid malignancies [5-
7]. It is interesting to notice that a worse outcome was
related to higher fT4 levels in hepatocarcinoma [6]. In
an examination of senior hospital patients, authors ini-
tially suggested using the fT3/fT4 ratio as an indirect
indicator of deiodination impairment [10]. Even in
individuals with normal T3 readings, a fT3/fT4 ratio
was related to fragility and a worse outcome [6]. Our
results are similar. In patients with colorectal cancer,
the fT3/fT4 ratio was found to be an important predict-
tor of outcome in those that had received extensive
pretreatment. Consistent with their study, the T3/T4
ratio's prognostic significance stood alone from those
of other well-known, reliable prognostic markers [9-
10]. Our investigation's findings supported there findings.

Conclusion

The fT3/fT4 ratio is a valuable prognostic indicator for
RCC patients undergoing surgery. Our findings contribu-
te to the growing body of evidence suggesting that
hormone status, particularly the fT3/fT4 ratio, plays an
important role in predicting outcomes in cancer pa-
tients, emphasizing the necessity for further research
on the topic.

Conflict of interests: None declared.
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EVALUATION OF SALIVARY HYPOFUNCTION AND ORAL COMPLICATION AFTER
RADIOTHERAPY IN PATIENTS WITH MALIGNANT NEOPLASMS OF HEAD AND NECK

EBAJIYALIMJA HA CAJIMBAPHA XNINO®YHKINJA 1 OPAJIHU KOMIIVIMKAIUHA ITOCJIE
PAJIMOTEPAIINJA KAJ TAIIMEHTHU CO MAJIMT'HU HEOIIJIA3MU HA I''IABA U BPAT
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Abstract

Introduction. In patients with head and neck malignant
neoplasms salivary glands are affected by the radiation
therapy because they are located close to the place that
is exposed to the total dose of radiation. Therefore,
xerostomia and dysphagia are the most frequent post-
radiation complications that affect the life of these
patients. The volumetric modulated radiation therapy
enables higher doses of radiation to be focused on the
targeted place, and the surrounding healthy tissues to
be exposed to the harmful effect of radiation as less as
possible.

Method. This study was conducted by cooperation of
the University Clinic for Radiotherapy and Oncology
and University Clinic of Maxillofacial Surgery-Skopje.
The study sample consisted of 30 patients treated with
one of the radiation techniques: 3DCRT and VMAT.
The stimulated salivary flow from parotid glands was
defined using modified Lashley cups. Post-radiation
xerostomia and mucositis were noted in grades based
on the clinical examination, and the rest of the post-
radiation complications during the first control after
the radiation therapy were registered if they appeared.
The moisture of oral cavity was evaluated by the mo-
dified Schirmer method.

Results. The comparison of patients treated with one
of the radiation techniques showed significantly larger
amount of produced stimulated saliva (ml/min) in pa-
tients treated with VMAT compared to those treated with
3DCRT (p=0,0054). An insignificant linear negative
correlation was found between the volume of stimula-
ted salivary flow (ml/min) and the localization of the
malignant neoplasm-salivary flow was insignificantly
decreased in patients with malignant neoplasm of the
nasopharynx, oropharynx, hypopharynx and larynx
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(R@0=-0,151; p=0,4602). The mucositis appearance
was significantly associated with the use of 3DCRT
method. The low grade of xerostomia was significan-
tly associated with the use of VMAT method.
Conclusion. The use of the new technique, volumetric
modulated radiation therapy, enables to spare the
salivary function that is proved by the increased
salivary flow, the decreased level of xerostomia and
the decreased representation of all other post-radiation
complications.

Keywords: hyposalivation, xerostomia, malignant
neoplasm of head and neck, volumetric modulated
radiation therapy, irradiation consequences

Ancrpakr

Bosen. Kaj mameHnT co Maturay HeOIUIa3MU Ha TJia-
Ba W BpaT, TepamdjaTa co paavjalidja HECOMHEHO TH
aeKTHpa CaJMBapHUTE JKJIE3IU OX CTHOCTaBHA MpHU-
YHMHA IITO THE Ce HaoraaT BO ONM3MHA HA MECTOTO Kasie
MITO Ce AUCTPUOYyMpa TOTamHATa /1032 Ha paaujalyja.
[NocnenoBatenHo Ha Toa KcepocToMHjata u aucdarumjara
C€ HAjUECTUTE MOCTPAAHjAIIHOHN KOMIUIUKAIIMN KOU TO
HApyIIyBaaT KBAJIUTETOT HA KHUBOT HA OBHE MAIUCHTH.
BomymeTpuckn MonyiHpaHaTa paguoTeparnija OBO3-
MOJXKyBa IOBHCOKHTE O3 Ha paadjandja ga Oumar
(oKycHpaHH Ha IIETHOTO MECTO, a OKOJHHUTE 3JpaBH
TKHBa Aa OWIAT KOJIKY € MOXKHO IOMAJIKy H3JI0XKCHU
HAa IITETHOTO JICjCTBO OJ PajHjaIlrjaTa.

Metoau. MctpaxyBamero ce 3acHOBa Ha copaboTka
noMery YHHUBEp3UTETCKaTa KIWHHUKA 3a PajuoTepa-
IMja ¥ OHKOJIOTHja ¥ YHUBEP3UTETCKATa KIMHHUKA 32
MakcwinoganujanHa xupypruja-Crormje. Hcrtaxypau-
KHOT IIPUMEPOK BKIIyuyBa 30 maleHTy TPETUPaHU CO
emHa o TexHWKuTe Ha pamuorepanuja: 3D CRT u
VMAT. CTuMynupaHuoT caluBapeH MPOTOK OJ1 Mapo-
THUIHY JKJIE3H C€ OJpeyBalie co IOMOII Ha MOIH(H-
nupanu Lashley cups. ITocTpanujannonaTa KcepocTo-
MHja ¥ MyKO3UTHC C€ CBHICHTHPAILE BO CTCIICHH BpP3
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OCHOBAa Ha KIMHHYKHOT TMPETJIeH, a CUTEe JPYTH MOCT-
panujanuoHu KOMILIMKAIIMY 33 BpeMe Ha MpBaTa KOH-
TpOJIa TOCIIe 3aBpIICHA PaIHoTepantja, ce CBIICHTHpaa
CO TIPHCYCTBO M OTCYCTBO Ha HCTHTE. Mepemero Ha
BJI)KHOCTA Ha OpaJiHaTa Ipa3HUHA ce M3BEIyBallle CO
oMo Ha moauduumpana Schirmer merona.
Pesyararu. Crnopen6ara Ha MalMEHTUTE TPETUPAHU
CO €JIHa O IBETE TEXHUKH Ha pajnuoTeparnija ykaxysa
Ha CHTHA()MKAHTHO TIOTOJIeMa KOJMMYMHA Ha M3/IayeHa
ctumysupana canusa (Ml/min) xaj marMeHTHTE TPETH-
panu co VMAT crnopeznero co 3D CRT (p=0,0054).
ITomery konuurMHA HA CTUMYJIHPAH CAIMBAPEH MPOTOK
(ml/min) w nokanmu3anMjaTa Ha MajJWrHa HeoIuia3Mma
yIBpcHa Oellie HecurHU()UKAHTHA JTMHEapHA HETaTHB-
Ha KOpeMalyja-CaTUBAPHUOT MPOTOK HECUTHU(DHUKAHTHO
ce HaMmanyBallle Kaj MarieHTHTe CO MaJWTHOM Ha
Nasopharynx, Oropharynx, Hypopharynx, Larynx
(R@o)= - 0,151; p=0,4602). Ox 1BeTe MeToaH, OjaBaTa
Ha OPaJHHOT MYKO3UTHC CHUTHH(HUKAHTHO acoLMpalie
co metonoT 3D CRT. Cnabuot cremeH Ha KCEpOCTO-
MHja CHTHHU(UKAHTHO acolupaiie co MetonoT VMAT.
3akayyok. [Ipumenata Ha HOBaTa TEXHHKa Ha BOJIY-
METPUCKH MOMYJHpaHa pamuoTepanrja OBO3MOXKYBA
Jla ce 3a4uyBa caJluBapHaTa (yHKIHja KOe ce JTOKaKyBa
IIPEeKy 3TOJIEMCHHUOT CaJMBapeH MpPOTOK, a HaMaleH
CTEIleH Ha KCepOCTOMHMja M HaMajeHa 3aCTalleHOCT Ha
CHUTE MOCTPAINjAIIIOHU KOMIUTHKAIIWH.

Kiyuynu 300poBM. XHWIOCAIHMBAaIMja, KCEPOCTOMH]A,
MAJIMTHU HEOIIa3MU Ha rjiaBa U BpaT, BOJIYMCTPUCKHU
MOJIyJIMpaHa 3pavHa Tepariija, UpaaujaldoOHH MOCIIeTUIIH

Introduction

The therapy in patients with malignant head and neck
neoplasm that consists of radiation inevitably affects
salivary glands and their surroundings; therefore pa-
tients face negative consequences such as progressive
malfunction of salivary glands, followed by a signi-
ficant level of xerostomia (Figure 1). Despite all of the
efforts to protect the surrounding tissues from
damaging during the radiation treatment, salivary
glands are still exposed to the radiation due to their
close location to the exposed area [1]. Having this in
mind, xerostomia in most of the cases is the main
cause of the symptoms: oral mucositis, changes in oral
microflora, dysphagia, throat inflammations, changes
or loss of the taste, caries, changes in the voice quality,
halitosis, discomfort, problems with chewing and
swallowing, which lead to nutritive complications and
loss of weight in the future [2,3].

Fig. 1. Dry mouth — xerostomia

Salivary gland impairment due to radiation therapy
happens in 4 different phases: the first phase happens
from the 1st to the 10th day, when the water compo-
nent in the tissue is being eliminated, but the acinar
cells and amylase secretion are not being affected; the
second phase takes place from the 10" to the 120"
day, acinar cells are exposed to membrane degenera-
tion and they also lose their ability to produce amy-
lase; the third phase is from the 120" to the 240" day,
known as a phase of belated toxicity characterized by
losing the function of acinar cells as a result of stem
cells loss; the fourth phase is known as a regenerative
phase, however the deterioration of the salivary gland
function is still continuing in this phase as a result of
the nerves damaging used for glands ducts and blood
vessels [4,5].

3DCRT-Three-Dimensional Conformal Radiation Thera-
py (3DCRT) and Volumetric Intensity Modulated Arc
Therapy (VMAT) are two different techniques that are
aimed at providing a precise and efficient treatment for
patients with malignant neoplasms (Figure 2). Three-
dimensional conformal radiation therapy is a standard
technique that enables a good view of the anatomic
structures and radiation beams in three dimensions.
The segments for radiation treatment can be modified
individually according to the shape of the tumor. On
the other hand, the volumetric modulated radiation
therapy is considered to be innovative and advanced
technique that offers modulation of the radiation inten-
sity in small multiple parts; therefore, this method enab-
les higher doses of radiation to be focused on the tar-
geted place, while the surrounding healthy tissues are
exposed to the harmful effects of radiation as less as po-
ssible. Recent studies have been focused to prove that
the new approach of modified radiation therapy (volu-
metric modulated radiation therapy-VMAT) is expected
to reduce the xerostomia incidence, and subsequently
to improve the quality of patients’ life that have been
treated with this method of radiation therapy [6,7].
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Fig. 2. Comparison between three-dimensional conformal radiation
therapy (a) and volumetric modulated radiation therapy (b)

Aim

The main aim of this study was to evaluate the salivary
hypofunction by determining the parotid stimulated
salivary flow and assessment of the oral complications
in patients with malignant neoplasms of the head and
neck, treated with three-dimensional conformal radiation
therapy and volumetric modulated radiation therapy.

Material and methods

The study sample consisted of 30 patients treated with
one or both techniques of radiation therapy: 3DCRT or
VMAT. Taking into consideration in advance defined
exclusion and inclusion criteria, patients treated with
one of the techniques of radiation therapy at the
University Clinic for Radiotherapy and Oncology in

Skopje were included in the study. The clinical
examination involving the measurement of stimulated
salivary flow and moisture of oral cavity was perfor-
med at the University Clinic of Maxillofacial Surgery
with previously obtained patients’ written consent.
Salivary flow measurement and post-radiation compli-
cations were done immediately after the first assess-
ment of the finished radiation therapy. Xerostomia and
oral mucositis were noted in grades; however, the rest
of the post-radiation complications were noted only if
they appeared. Stimulated saliva from the parotid
glands was collected using special devices made in
line with the modified Lashley cups principle, and they
were made by dental laboratory technicians, using sili-
cone mass for duplication and connecting it with a
tube system that allows collection of saliva from both
parotid glands at the same time. The device is being
placed in the upper vestibule where the salivary duct
of parotid gland is located, and is fixed by using va-
cuum. Saliva from the duct flows in the oval part of
the device from where it is being moved through the
tube system saliva and collected in microliters graduated
syringe. The obtained values are being divided by the
minutes spent in saliva collection to define the salivary
flow in one minute. In order to gather stimulated saliva,
stimulation was done by using citric acid applied on a
cotton applicator and placed on the dorsum part of the
tongue, specifically on the dorso-lateral edges of the
tongue, five times in duration of 2 minutes (Figure 3).

Fig. 3. Modified Lashley cups

By using the modified Schirmer method for measure-
ment of the moisture in the oral cavity, Schirmer stri-
pes are applied at the bottom of the oral cavity of a
patient, and the results are available 3 minutes later
(Figure 4). The obtained results are noted immediately;
the stripes are divided in millimeters starting with 5
mm to 35 mm. If the observed result was lower than 5
mm, we considered it as value 5. The results were
registered from the size of wet zone on the stripes in
milimeters, that can be easily seen as a darker part.

According to Primary site of malignant neoplasm cla-
ssification, patients were divided in two large groups.
The first group was consisted of patients with malign-
nant neoplasm located on the: lip, oral cavity, tongue,
floor of the mouth, buccal mucosa, retromolar fossa, hard

palate, maxilla and mandible. The second group was
consisted of patients with malignant neoplasm located on
the: nasopharynx, oropharynx, hypopharynx and larynx.

Fig. 4. Modified method for measuring mouth moisture
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Results

The evaluation of patients with malignant neoplasm
located on the lip and oral cavity treated with different
methods showed a significantly higher volume of
stimulated saliva (ml/min) in patients treated with the

VMAT compared to those treated with the 3DCRT
technique (p=0.0054).

Patients with malignant neoplasm of the nasopharynx,
oropharynx, hypopharynx and larynx, treated with the
VMAT method showed insignificantly bigger volume
of produced saliva (ml/min) compared to those treated
with the 3DCRT method (p=0.0588) (Table 1).

Table 1. Comparison of saliva (ml/min) between 2 groups of participants

Parameters N Meanz SD

Min / Max

Median (IQR) p

Saliva (ml/min) - Lip, Oral cavity (tongue, floor of the mouth, buccal mucosa,
retromolar fossa, hard palate, maxilla, mandible)

VMAT 8 0.21+0.09 0.08/0.30 0.23(0.14-0.30) Z=2.781

3DCRT 7 0.06+0.01 0.05/0.08 0.06(0.06-0.07) p=0.0054*
Saliva (ml /min) - Nasopharynx, Oropharynx, Hypopharynx, Larynx

VMAT 7 0.19+0.11 0.06/0.30 0.21(0.10-0.29) Z=-1.889
3DCRT 8 0.07+0.02 0.05/0.11 0.08(0.05-0.09) p=0.0588

SD-standard deviation, IQR-Interquartile range, *significant for p<0.05

Correlations (R;,= - 0,151; p=0,4602)

locations
Lip, oral cawity /
MNaso, Oro, Hypopharynx, Larynx

||H\

Salivar (mimin)

LR g

T

i :

Fig. 5. Correlation between stimulated salivary flow and malignant neoplasm localization

There was an insignificantly linear negative corre-
lation between stimulated salivary flow (ml/min) and
malignant neoplasm localization-salivary flow insigni-
ficantly decreased in patients with malignant neoplasm

of the nasopharynx, oropharynx, hypopharynx, and
larynx

(R0= - 0,151; p=0,4602) (Fig.1a)

Table 2. Distribution of post-radiation complications

Post-radiation 3DCRT VMAT Total

complications (n=15) (n=15) (n=30) P
grade 1- mild 2(16.66%) 9(75%) 11(45.83%) p=0.0123*
grade 2 - moderate 8(66.67%) 3(25%) 11(45.83%) p=0.0996
grade 3 - severe 2(16.66%) 0(0%) 2(8.34%) -
grade 4- disabling; life 0(0%) 0(0%) 0(0%) )

threatening

Fisher Exact test, *significant for, p<0.05

Mucositis as a complication after treatment was sig-
nificantly associated with using the 3DCRT method
for radiation therapy. The emerge of the other post-
radiation complications (difficulties in mastication,

dysphagia, dysgeusia and dysphonia) was not asso-
ciated with any of the methods used for radiation
treatment (3DCRT/VMAT) (Table 2).
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Table 3. Distribution of xerostomia grades

Xerostomia grading 3DCRT VMAT Total

scale - NCI CTCAE (n=15) (n=15) (n=30) P
Oral mucositis 10(83.3%)  4(33.3%) 14(58.3%) p=0.0384*
Difficult mastication 11(91.6%) 7(58.3%) 18(75%) p=0.1573
Dysphagia 11(91.6%)  7(58.3%) 18(75%) p=0.1573
Dysgeusia 11(91.6%) 6(50%) 17(70.8%) p=0.0724
Dysphonia 9(75%) 5(41.6%) 14(58.3%) P=0.2149

Fisher Exact test, *significant for, p<0,05

The low level of xerostomia was associated signify-
cantly with the usage of the VMAT method. The mo-
derate level of xerostomia was found in borderline
association with the 3DCRT method. The severe level
of xerostomia was found only in 2 patients treated with
the 3ADCRT method, and in none of patients treated
with the VMAT method. Disabling xerostomia was
not registered in any of the examined patients in the
study (Table 3).

The results obtained by using the modified Schirmer

test were as follows: the average value of produced saliva
volume in patients treated with the three-dimensional
conformal radiation therapy was 4.2 mm; modus 1 and
0; median 3.5; maximal value was 9 mm and minimal
was 0 mm; standard deviation 1.0. In the second group
of patients treated with the volumetric modulated
radiation therapy, the mean value was 5.5 mm; modus
2; median 6; maximal 12 mm and minimal value was
0.2 mm; standard deviation was 0.4 (Table 4).

Table 4. Average values of collected saliva using the modified Schirmer test

measured in mm

Type of
radiation Mean Modus Median Max Min SD
therapy
3DCRT 4.2 1;0 3.5 9 0 1.0
VMAT 55 2 6 12 0.2 0.4

Discussion

During the radiation process it is necessary to protect
the salivary gland function from the damaging effects
of the radiation. Protection of the submandibular Sali-
vary glands during radiation is more complicated com-
pared to that of the parotid glands due to their location
that is in the same place as the affected lymphatic
nodes. The use of volumetric modulated radiation the-
rapy is based on computer controlled linear accelerators
that apply the radiation doses precisely on the place
that is specified for radiation or more precisely where
the tissue is affected by the tumor [7,8].

By introducing the new method of volumetric modula-
ted radiation therapy (VMAT), xerostomia that appears
after radiation treatment in patients is significantly re-
duced, which also contributes to improving the quality
of life in patients treated with radiation therapy [9,10].
The study by Taoran C. et al. evaluated a total of 222
patients treated with IMRT and VMAT radiation the-
rapy, and were followed in a period of 23 months and
7 months. The results obtained by using the VMAT
showed significant improvement that resulted in signi-
ficantly lower grades of second-degree dysphagia and
xerostomia in patients after the received radiation
therapy [11,12].

Nutting C M, Morden JP. found that 4% of their study
participants suffered of a post-radiation xerostomia after

treatment with the VMAT. The main difference in the
approach with sparing the parotid glands during treat-
ment had been in the following period of regeneration
of the parotid glands.. The damaged parotid glands
showed the ability of regeneration to some degree in a
2-year period after the VMAT treatment, which com-
pared to xerostomia in patients treated with the con-
ventional radiation therapy proved to be permanent.
After 12 months following the treated patients, xero-
stomia was registered in 73% of the total number of
participants (82). Severe xerostomia was proved to be
significantly rare in the group of participants treated
with the intensity modulated radiation therapy (38%),
compared to the group of patients treated with the
conventional radiation therapy where the result was
74% [13,14]. According to Chris Nutting, the modified
radiation therapy VMAT needs to be taken and applied
as a golden standard in patients with high risk of
radiation-related xerostomia [13]. Chottetanaprasith in
his evaluation of 33 patients treated with VMAT pre-
sented results showing that survival rate at 3 years
after treatment was 81%; acute symptoms as a result of
the therapy were mucositis in 36% of participants, first
grade xerostomia in 57.6%, and second grade xerostomia
in 24.2% of participants. A conclusion was derived
that using the VMAT approach in treating patients
with nasopharyngeal carcinoma was acceptable and it
offered good results with high survival rate and accep-
table negative consequences [15].



93

Salivary hypofunction

Conclusion

In conclusion, the usage of the new technique-volu-
metric modulated radiation therapy-offers sparing of
the salivary glands function, which can be proved with
the increased salivary flow, decreased grade of xero-
stomia and decreased representation of all post-ra-
diation complications compared to patients treated
with the three-dimensional conformal radiation therapy.

Conflict of interest statement. None declared.
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DIFFERENTIATING SECONDARY PROGRESSIVE AND RELAPSING-REMITTING
MULTIPLE SCLEROSIS: CEREBROSPINAL FLUID BIOMARKERS

JANPEPEHIIMPAHCKA CEKYHIAPHA IMTPOI'PECUBHA N IIOBTOPHA-PEMUTUPAYHA
MYJITHIIJIA CKJIEPO3A: BUOMAPKEPU HA HEPEBPOCIIMHAJIHA TEYHOCT

Vasko Aleksovski', Milena Spasovska Kolevska?, Kiro Stojanoski? and Igor Kuzmanovski'

YUniversity Clinic for Neurology, Faculty of Medicine, “Faculty of Natural Sciences and Mathematics, Ss.
Cyril and Methodius University, Skopje, Republic of North Macedonia

Abstract

Introduction. Multiple sclerosis (MS) is a prevalent
autoimmune disorder affecting 2.1 million individuals
globally, with the disease mechanisms and effective
treatments still not fully understood. Research into ce-
rebrospinal fluid (CSF) biomarkers has provided in-
sights into the inflammatory process’s indicative of MS
progression, aiding in differential diagnosis and poten-
tially predicting clinically definite MS.

Aims. It was our aim to make a comprehensive eva-
luation of the admission CSF biomarkers, as well as
their association with the CSF immunological patterns
for their role as early predictors for MS disease prog-
ression in a cohort group of 83 MS patients.

Methods. A 2-year longitudinal cohort study on Inter-
feron beta-la-treated MS patients employed qualitative
(OCGB detection), semiqualitative (DISC-PAGE and
densitometry tracing), and quantitative (laser nephelo-
metry) methods. These approaches were aligned to
evaluate sensitivity and select the optimal method for
distinguishing multiple sclerosis types. The proposed
morphological characterization of CSF electrophoretic
signatures, associated with CSF immunological types,
includes assessed sensitivity and specificity for estima-
ted cut-off values.

Results. The 2-year Interferon beta-1a treatment resulted
in a median EDSS score of 2.5 in the cohort group.
DISC-PAGE electrophoretic signatures exhibited higher
sensitivity than quantitative laser nephelometry for
detecting CSF types (INF, TU, and INF+TU). New lower
cut-off values for CSF biomarkers discriminating bet-
ween INF, TU, and combined INF+TU types were pro-
posed with high sensitivity and specificity. A develop-
ped CDA model offers a more accurate assessment of
immunological CSF types in MS. For OCGBs, the 1gG
synthesis rate, specifically the TOURT formula, sho-
wed the highest association, with a value of > 0.75
mg/24 h considered optimal for detecting intrathecal

Correspondence to: Vasko Aleksovski, University Clinic for Neurology,
1000 Skopje, R. N. Macedonia; E-mail: vasko_alek@yahoo.com

IgG synthesis (96% sensitivity, 75.8% specificity). In
prognostication, routine markers failed, but CSF lac-
tate levels (cut-off > 2.01 mmol/L) emerged as the sole
significant early predictor for SPMS development.
Additionally, admission CSF lactate levels and CSF
IgG were identified as significant early predictors for
functional disability. The final model incorporated
non-significant predictors, including the presence of
OCGBs, combined INF+TU CSF type, CSF IgA levels,
and age, contributing significantly to the overall predic-
tive capacity through their direct and indirect effects.
Conclusions. DISC-PAGE electrophoresis with densi-
tometry tracing is recommended for sensitive detection
of CSF immunological patterns. Proposed cut-off values
for albumin index, 1gG index, CSF IgG, and CSF
lactates could enhance the accuracy, sensitivity, and
comprehensiveness in assessing multiple sclerosis types.

Keywords: cerebrospinal fluid biomarkers, multiple
sclerosis, DISC-PAGE, cerebrospinal fluid immunological
patterns, cerebrospinal fluid lactate levels, CDA

Ancrpakr

Bosen. Myntunnekc ckieposara (MC) e pacnpoctpa-
HETO aBTOMMYHO IOpEeMEeTyBame Koe moromysa 2.1
MWJIMOHM JIMIA Ha TJIO0ATHO HHWBO CO CEYIITE Helle-
JOoCHO pa3OpaHM MeXaHWU3MH Ha OoliecTa M e(heKTHB-
HUTE TPETMaHHU 3a JeKyBame. McTpaxyBamero Ha OHO-
Mapkepurte Ha uepedpocnunainara reunoct (CSF) na-
Ba YBHJI BO BOCIIAJHUTEIHHUTE MPOIECH KOU YKa)KyBaaT
Ha mporpecjata Ha MC, momarajku Bo JudepeHImjai-
HaTa JMjarHo3a ¥ MOTEHIIMjaTHO MPEIBUIYBajKU KITH-
HIYKHY nepuautuBHa MC.

Hesm. Hama men Oemre ceomdaTHa eBaimyaryja Ha
MIPUEMHHTE OHOMapKepH, KaKO U HUBHATA TIOBP3aHOCT
CO MMYHOJIOIIKHTE 00paciy Ha IepedpocrrHaiIHaTa
TEYHOCT ¥ HUBHATA yJIOTa KaKO PaHU MPEIBUIYBAYH 32
nporpecujara Ha MC Bo rpyma of 83 manueHTH.
Mertonu. JlBoromuinHa JOHTUTYAWHAITHA KOXOPTHA
CTy/Wja Ha MaMeHTH CO MYJITHIUIEKC CCKIIepo3a Tpe-
TUpaHU CO MHTep(epoH Oera-la, IMpUTOa KOPUCTEBME
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kBanutaTuBHU (OCGB perekiuja), MoIyKBalIUTaTUB-
HH (DISC-PAGE u tpacupame co A€H3UTOMETpHja) U
KBaHTUTATHBHH (Jlacepcka He(elnoMeTpHja) METOJU.
OBue mpucranu Oea ycorjaceHH 3a Ja ce IMpOLEHH
YyBCTBUTEIIHOCTA ¥ J]a ce M30epe ONTHMATHHOT METOJ
3a pa3NuKyBamke Ha THUIOBUTE MYJTHIUIEKC CKIIEpO3a.
[Ipennoxxenata Mopdoromka KapakTepusanuja Ha
eNIeKTPOOPETCKUTE HMOTINCH Ha IepeOpOCIHHAIHATA
TEYHOCT, TOBP3aHH CO HMMYHOJIOIIKUTE THUIIOBH Ha
nepeOpocMHaIHATA TEYHOCT, BKIIydyBa IPOLICHKA Ha
YYBCTBUTEIHOCT U CIIEIM(UYHOCT 32 OIpe/esTyBarhe
Ha TPaHUYHH BPEIHOCTH.

Pesynraru. J[BOroguniHUOT TpeTMaH co HHTephEpoH
Oera-1a pesynTtupaiie co menuana Ha EDSS on 2,5 Bo
koxopTHata rpyna. DISC-PAGE enextpodoperckure
MOTHHCH Ha TOKakaa IIOrojieMa YYBCTBHTEIHOCT O
KBAaHTUTAaTHBHATa Jlacepcka HedenoMeTpuja 3a OTKpU-
Bame Ha TunoBu CSF (INF, TU u INF+TU). bea npen-
JO)KEHH HOBH TIIOHUCKH TPAHWYHHA BPETHOCTH Ha
6uomapkepure 3a CSF kou ru pasznukysaat INF, TU u
komOuHupanute Tunosu INF+TU co Bucoka 4yBcTBU-
TenHOCT U crenupuunoct. Paspuennor CDA moxmen
HYIH TIONPEM3HA TPOIIEHKa Ha NMYHOJIOIIKHUTE THIIOBH
Ha CSF kxaj MC. 3a OCGB, crankara Ha cuHTe3a Ha
IgG, xonkpetrHo ¢dopmymnara TOURT, nmokaxka HajBu-
COKa TIOBP3aHOCT, €O BpeaHocT o >0.75 mg/24 4 koja
ce cMeTa 3a ONTHMaJIHa 33 OTKPUBAKE HAa MHTPaTeKa-
Ha IgG cuntesa (96% vyBcTBUTENHOCT, 75,8% cnenu-
¢uanoct). Bo mporrozara, pyTHHCKHTE MapKepu HE
ycIieaja, HO HHMBOATa Ha JIAKTAT Ha LepeOpOCHIHHAI-
HaTa Te4yHocT (cut-off >2.01 mmol/L) ce nojaBuja xa-
KO €JMHCTBCH 3HAYaCH PaH MPETUKTOP 3a Pa3Boj Ha
SPMS. JlonomHUTETHO, HUBOATA HA JIAKTaTBO BO IIe-
pebOpocnuHanHaTa TeYHOCT W HUBOTO Ha IgG BO 1e-
pedpocnuHalTHATa TEYHOCT Oea UACHTU(DUKYBaHH KaKo
3HAaYajHU PaHU MPEIBUAYBAYH 32 (YHKIIMOHAITHA TOTI-
peudeHocT. KOHEUHHMOT MOe)l MHKOPIIOpHpallle He3Ha-
YajHU TpEeIBUAYBAYH, BKITYIHTEIHO U IPUCYCTBOTO Ha
OCGB, komoOunupan tun INF+TU CSF, HuBoa Ha
CSF IgA u Bo3pacT, IITO 3HaYUTEIHO IIPUJOHECYBA 3a
CEBKYITHUOT KallallUTET Ha MPEABUIYBAE [IPEKY HUB-
HHUTE JUPEKTHH ¥ MHAUPEKTHH e(DeKTH.

3akay4dok. DISC-PAGE enexkrpodopesa co neH3uro-
METPUCKO Tpacupame ce MpernopadyBa 3a UyBCTBH-
TeTHa JeTeKnuja Ha uMyHoyomkn memu Ha CSF.
Hpe}IJ'IO)KeHI/ITC TpaHUYHU BPCOAHOCTU 3a HWHACKC Ha
anoymuH, IgG mnaekc, CSF IgG u CSF nakratn Om
MOJKeJIe Ja ja mo1o0par TOYHOCTa, TyBCTBUTEITHOCTA U
ceorndaTHOCTa BO TNPOIEHKAaTa Ha THIIOBUTE HA MYI-
THILIEKC CKIIepo3a.

Kuyunu 300poBu: 6roMapkepu Ha 1iepedpocMHaiHaTa
TeyHoCT, MynTuruiekc ckieposa, DISC-PAGE, nmyHo-
JIOIIKK 00pacii Ha 1epeOpOCIIMHATTHATA TEYHOCT, HUBOA
Ha JIaKTaT BO LiepebpocnuHanHaTa Teunoct, CDA

Introduction

Multiple sclerosis (MS) is a persistent, inflammatory
autoimmune disorder affecting the brain and spinal
cord, characterized by focal lymphocytic infiltration
leading to demyelination and neurodegeneration across
the central nervous system (CNS). Globally, it consti-
tutes a significant health challenge, impacting approxi-
mately 2.1 million individuals and stands as a primary
cause of nontraumatic disability among young adults
[1,2]. Despite its prevalence, there is a lack of effect-
tive treatments, and the precise mechanisms driving
disease progression remain incompletely understood
[3]. Given the inherently unpredictable nature of the
disease and the substantial risk of developing severe
disability, there is an urgent need for prognostic and
predictive biomarkers to facilitate risk stratification,
enabling early identification of vulnerable individuals
and informed management for secondary prevention of
adverse outcomes [4-6].

Cerebrospinal fluid (CSF) biomarkers have been a
long-standing focal point in multiple sclerosis (MS)
research, owing to their ability to unveil the inflamma-
tory origins of cerebral abnormalities associated with
the disease. A comprehensive CSF analysis, encompa-
ssing fundamental biochemical assessments, specific
CSF protein determinations, and isoelectric focusing
(IEF), yields highly sensitive diagnostic insights into
concurrent inflammatory processes within the central
nervous system (CNS), indicative of MS progression
[7]. Previous CSF investigations have substantiated
heightened inflammation, axonal damage, demyelina-
tion, and oxidative stress in progressive MS [8-11].
The 2010 Revision to the McDonald Criteria under-
scores the significance of positive CSF findings, such
as an elevated immunoglobulin G (IgG) index or the
presence of two or more specific oligoclonal IgG
bands (OCGBs) solely detectable in the CSF, not the
appropriately diluted serum with matched 1gG con-
centration [12]. These findings not only support the
inflammatory demyelinating nature of the underlying
condition but also aid in differential diagnosis and
predicting clinically definite MS.

Despite the typically benign initial clinical course of
multiple sclerosis (MS), early pathological studies have
revealed considerable axonal injury and tissue loss,
suggesting potential utility of admission cerebrospinal
fluid (CSF) biochemical markers as early indicators of
neurological damage in MS [2]. Given the lack of con-
sensus on the prognostic value of routine CSF bio-
markers, quotients, or indices, this study aimed to
comprehensively evaluate admission CSF biomarkers
and their correlation with CSF immunological patterns
to serve as early predictors of disease progression and
functional disability in an MS patient cohort. Employing
an integrated approach that combines qualitative (oli-
goclonal band detection), semiqualitative (CSF exami-
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nation via DISC-PAGE and densitometry tracing), and
quantitative (CSF biomarker levels) methods, we
aimed to assess the sensitivity of these approaches and
identify the most appropriate method for prognostic-
cating the disease course in MS. Additionally, we pro-
pose morphological characterization of CSF electro-
phoretic signatures and their association with defined
CSF immunological patterns, providing assessed sensiti-
vity and specificity for the proposed cut-off values.
The investigation of cerebrospinal fluid (CSF) biomar-
kers and immunological patterns holds immense
significance in unraveling the complexities of multiple
sclerosis (MS), a neuroinflammatory disorder charac-
terized by diverse clinical courses. Among the analy-
tical tools employed, Canonical Discriminant Analysis
(CDA) has emerged as a powerful statistical approach
for discerning distinctions among various CSF immu-
nological patterns-specifically those characterized as
inflammatory (INF), transudative (TU), and a combi-
nation of both (combined INF+TU CSF) [13]. Addi-
tionally, CDA serves as a valuable tool for stratifying
different MS types based on disease progression,
notably distinguishing between Secondary Progressive
MS (SPMS) and Relapsing-Remitting MS (RRMS).
This research endeavors to harness the potential of
CDA in enhancing our understanding of the intricate
interplay between CSF immunological patterns and the
diverse trajectories of MS, shedding light on crucial
diagnostic and prognostic implications.

Material and methods
Study subject

Between January 2011 and December 2017, we con-
ducted an extensive prospective longitudinal cohort
study, focusing on individuals receiving Interferon
beta-1a treatment for multiple sclerosis (MS). During
this period, patients suspected of MS, typically presen-
ting with monofocal or multifocal clinically isolated
syndrome (CIS), were admitted to the University Cli-
nic for Neurology as inpatients for initial screening.
This comprehensive screening involved a thorough
diagnostic work-up, encompassing medical history
examination, clinical and paraclinical assessments, MRI
scans of the entire neural axis, CSF analyses, and
sensory and motor-evoked potentials. The diagnostic
lumbar puncture and blood collection were performed
on the day of admission. Following completion of the
initial screening and inpatient care (typically lasting 2
to 3 weeks), patients received a final diagnosis based
on the McDonald criteria [12].

Despite the diagnosis of MS, the study incorporated
specific inclusion criteria: participants without concurrent
neurological, psychiatric, or neurodegenerative condi-
tions, as well as individuals without immunological
disorders or severe comorbidities such as cardiovas-

cular, respiratory, renal, or hepatic diseases, tumors, or
cancer. Furthermore, patients should not have received
methylprednisolone, other immune-modulating drugs
or supplements (such as cyclophosphamide, azathioprine,
cyclosporine A, or corticosteroids for a minimum of 2
months prior to admission). Key exclusion criteria
during this phase included the detection of a normal or
inflammatory transudate type of CSF immunological
pattern through DISC-PAGE densitometry and contrain-
dications for lumbar puncture. All participants provi-
ded informed consent, and the study received approval
from the Human Research Ethics Committee at Ss.
Cyril and Methodius University, Faculty of Medicine
in Skopje.

Patients underwent a careful two-year follow-up pe-
riod, after which they underwent re-evaluation. The re-
evaluation included a thorough clinical and neurologi-
cal examination, assessing disease progression, poten-
tial medical complications, and rescanning with MRI.
Functional disability over the two years was quantified
using the Expanded Disability Status Scale (EDSS)
[14]. Disease progression, categorized as primary prog-
ressive MS (PPMS), secondary progressive (SPMS), or
relapsing-remitting MS (RRMS), was determined du-
ring re-evaluation. PPMS was diagnosed based on
revised McDonald criteria [12], RRMS in patients
with two or more relapses in the investigated period,
and SPMS in patients with a relapsing-remitting cour-
se followed by at least six months of continuous
progression during the study, with or without relapses.
Exclusion criteria during re-evaluation included PPMS
patients (due to their low representation) and those
with severe disability (essentially confined to a wheelchair,
i.e., EDSS scores >6.5).

Out of 340 patients suspected of MS, 293 met the
initial screening criteria and were diagnosed with clini-
cally definite MS. After applying inclusion/exclusion
criteria, 163 patients were considered eligible for the
cohort study. Over the 2-year follow-up, 80 patients
were excluded due to reasons like incomplete data
(n=16), therapy changes (n=32), confirmed PPMS diag-
nosis (n=11), and severe disability on re-evaluation
(n=21). The final dataset comprised Interferon beta-
la-treated SPMS and RRMS patients with observable
CSF immunological pattern changes on admission,
who did not develop severe disability within the 2-year
treatment period post-diagnosis.

Biochemical analysis

Upon admission, morning blood samples were collec-
ted after overnight fasting, left to clot at room tem-
perature for 30 min, and then centrifuged at 3,000xg
for 15 min at +4°C. The obtained serum was stored at
—80°C. Concurrently, diagnostic lumbar puncture and
CSF sampling were performed; CSF was cooled on an
ice bath during sampling, centrifuged at 200xg for 15
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min (at 4°C), and the cell-free CSF was aliquoted and
stored at —80°C until further analysis.

Quantitative methods

The quantitative detection of total CSF proteins, total
serum proteins, CSF lactate levels, CSF glucose, CSF
urea levels and CSF creatinine were performed on
Mindray BS-200 Chemistry Analyzer, with the follo-
wing kits from BioSystems S.A. (Costa Brava, Spain):
Protein (urine-CSF) Pyrogallol red kit (Cat. No. 21512),
Protein (total) biuret kit (Cat. No. 11500), Lactate
oxidase/peroxidase kit (Cat. No. 23736), Glucose-
hexokinase kit (Cat. No. 11656), Urea-UV urease/gluta-
mate dehydrogenase kit (Cat. No. 11517) and Creatini-
ne-ENZ (Cat. No. 11734).

The quantitative detection of CSF IgG, serum IgG,
CSF IgA, CSF IgM, serum albumins and CSF albumins
was performed on BN ProSpec System, by means of
laser immunonephelometry and particle-enhanced immu-
nonephelometric. A parallel sample of serum and CSF
were run for the albumin and IgG levels in order to
calculate the corresponding quotients.

Semiquantitative methods

The CSF Discontinuous Polyacrylamide Gel Electro-
phoresis (DISC-PAGE) was performed followed the
Ornstein (1964) and Davis (1964) procedure using the
Canalco model 1200 R research disc electrophoresis
apparatus. Separation employed 5% stacking (0.125
mol/L Tris-HCL, pH=6.8) and 7.5% separating (0.375
mol/L Tris-HCL, pH=8.8) gels in TRIS-glycine ru-
nning buffer with ionizable tracking dye (0.005%
bromophenol blue) at 5 mA per sample. Gels were
stained with Amido black 10B, and densitometric
tracing utilized a SHARP JX 330 scanner and Image
Master 1D Elite software. CSF protein fraction inter-
pretation was done in line with the standard literature
(Epstein et al., 1976), and densitometric analyses, de-
tailed in reference [15], quantified each protein zone
by peak area, comparing it to a standard.

Morphological characterization of the electrophoretic
patterns

Following densitometric analyses, electrophoretic pa-
tterns were categorized into distinct cerebrospinal fluid
(CSF) immunological types based on the neuroimmu-
nology classification by Schuller and Delasnerie [16],
later endorsed by the European Charcot Foundation
consensus [17], with minor terminological adjustments.

The patterns included:

a) Inflammatory CSF pattern (INF): Indicated local
synthesis, featuring significantly elevated G zone
(25-30% increase in peak density), dominant G
band (around 3 times larger band percentage than

normal CSF, exceeding 28%), and a slightly dec-
reased albumin zone (30-38% of the albumin band).

b) Non-inflammatory transudate CSF pattern: Indica-
ted abnormal barrier function, marked by notably
reduced prealbumin zone, increased albumin zone
(band percentage >48%, peak area >5000), eleva-
ted A zone, and decreased B2 zone. Detection of
a2-macroglobulin and haptoglobin 1-1 bands bet-
ween B2 and G zone is typical, along with the
presence of haptoglobin 2-1 and 2-2 polymers.

c) Inflammatory plus transudate CSF pattern (INF+
TU): Demonstrated characteristics of both INF
and TU patterns, resembling TU with a markedly
increased G zone as seen in INF types.

Qualitative methods (detection of oligoclonal 1gG
bands - OCGBs)

Oligoclonal bands (OCGBs) in CSF were identified by
isoelectric focusing (IEF) on polyacrylamide gels (pH
3-9) using silver staining and immunofixation. Con-
ducted on a PhastSystem TM instrument, the IEF
followed the manufacturer's guidelines, utilizing the
CSF analysis kit for PhastSystem (GE Healthcare, 18-
1039-14). To confirm IgG origin, immunofixation em-
ployed anti-human 1gG (Dako A424). After immuno-
fixation, silver staining was executed with the PlusOne
Silver staining kit, Protein (17115001), using the IEF
staining program. Only patients exhibiting oligoclonal
CSF patterns with polyclonal serum IgG were consi-
dered positive for OCGBs (requiring a minimum of
three additional OCGBs in CSF detected by silver
staining and one by immunofixation).

Statistical analysis

Data were entered into SPSS software (version 20.0,
Chicago, IL, USA) and assessed for normal distri-
bution using the Kolmogorov-Smirnov test. Analysis
of variance (ANOVA) was employed to compare
serum levels of SCD163, sCD4, sCD8, Ig-G, IgM, and
Ig-A among cases (CIS, RRMS, SPMS, PPMS, NMO)
and healthy controls. Discriminant analysis was
conducted on six levels (CIS, RRMS, SPMS, PPMS,
NMO, healthy controls) and eight variables (six serum
concentrations). Two-tailed tests were utilized, and
significance was set at p<0.05. Statistical analyses,
including ¥2 tests for categorical variables, were per-
formed in IBM SPSS Statistics® 21 and JMP® 14 for
modeling. As most quantitative variables deviated
from normality, results are presented as median and
interquartile range (IQR) with boxplots. The Kruskal-
Wallis H test, followed by Mann-Whitney U tests for
multiple comparisons, assessed central tendencies
among groups.

Canonical Discriminant Analysis (CDA) was conduc-
ted to identify discriminative variables distinguishing
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various cerebrospinal fluid (CSF) immunological pa-
tterns (INF vs. TU vs. Combined INF+TU CSF) and
different multiple sclerosis (MS) types based on di-
sease progression (SPMS vs. RRMS). Receiver Opera-
ting Characteristic (ROC) curve analyses were em-
ployed to evaluate the discriminatory ability of CDA,
measured by the Area Under the Curve (AUC). Addi-
tionally, ROC analyses were utilized to determine op-
timal cut-off points, facilitating discrimination between
diverse CSF immunological patterns and MS types.

Results

Correlations between CSF biochemical markers on
admission and the identification of specific CSF
immunological types based on their DISC-PAGE
patterns

The neuroimmunology categorization of CSF immu-
nological patterns, based on proposed cut-off values
(CSF 1gG > 40 mg/L and CSF albumin > 334 mg/L by
Schuller and Sagar [18]), yielded suboptimal outcomes
when compared to obtained CSF electrophoretic pa-
tterns. Despite 16.9% of patients being initially classi-
fied with normal CSF by quantitative analysis, detailed
electrophoretogram densitometry revealed that 6 cases
labeled as "normal" exhibited significantly increased
G zone and typical INF signature, while 8 had elevated
albumin content with alterations characteristic of the
TU signature. Electrophoretic patterns subsequently iden-
tified these types as INF CSF and TU CSF, respectively.
The proposed threshold values had low sensitivity
(6.3%) and high specificity (94.1%) for detecting the
TU type. Using these cut-off values resulted in numerous
false negatives (8 cases misclassified as normal, 7 as
inflammatory), suggesting that lower CSF albumin le-
vels may offer better sensitivity in detecting the TU type.
Nearly all gquantitatively measured variables (exclu-
ding CSF glucose, urea, and creatinine levels) dis-
played some correlations with the defined CSF types
based on their electrophoretic signatures (Figure 1, b-
). The most substantial effect size among these asso-
ciations was observed for CSF 1gG levels (H = 37.50,
**4n=720-10-9, £°=0.457) and the total levels of CSF
proteins (H=35.56, ***p=1.90-10-8, £°=0.434). Strong
positive relationships were also noted for CSF albumin
levels (H=29.316, ***p=4.31-10-7, °=0.358), albumin
index (H=29.19, ***p=4.59-10—7, £°=0.356), 24-hour
IgG synthesis rate (H=28.31, ***p=7.13-10-7, £’=0.345),
IgG index (H=26.46, ***p=0.000002, £°=0.323), and
CSF lactate levels (H=24.72, ***p=0.000004, &’=
0.301). Additionally, CSF IgA (H=22.96, ***p= 0.00001,
£?=0.274) and IgM (H=21.30, ***p=0.00002, *=0.260)
levels exhibited associations with specific electropho-
retic patterns, albeit with moderately strong effects.
Mann-Whitney tests revealed significantly higher le-
vels of most CSF biomarkers in the combined INF+

TU type compared to the INF pattern, with the largest
effect size observed for general protein markers (Fig.
1, b): total CSF proteins (r=0.688, ***p=1.77-10-8),
CSF albumins (r=0.675, ***p=3.36-10-8), and albu-
min index (r=0.669, ***p=4.34-10—8). Optimal cut-off
points for detecting the combined INF+TU type were
determined with ROC analyses (N = 67, Figure 1, d):
>0.505 g/L for total CSF proteins (92.9% sensitivity,
98.1% specificity, ROC AUC=0.992, ***p=1.8-10-8),
>251.5 mg/L for CSF albumins (92.9% sensitivity,
94.3% specificity, ROC AUC=0.982, ***p=3.4-10-3),
and >5.55 for albumin index (92.9% sensitivity, 94.3%
specificity, ROC AUC=0.978, ***p=4.4-10—8). Mo-
derate effect size relations were also noted for immu-
nological markers (CSF IgM (r=0.433, ***p=0.0004),
CSF IgA (r=0.388, *p=0.0015), CSF 1gG (r=0.376, *p
=0.002), and 24-hour 1gG synthesis rate (r=0.242, *p=
0.048)). The IgG index was the sole parameter with
higher values in the INF pattern compared to the com-
bined INF+TU pattern, with a moderate effect size (r=
0.335, *p=0.006). CSF lactate levels showed no
significant difference between the combined pattern
and the INF+TU pattern (p=0.405).

Additionally, a comparison between the INF CSF type
and the TU CSF type was conducted. In contrast to the
TU CSF type, the INF CSF type exhibited signifycan-
tly higher levels for most CSF biomarkers. The most
substantial effect size was observed for specific immu-
nological 1gG-related markers: CSF 1gG levels (r=
0.639, ***p=1.13-10-7), 24-hour IgG synthesis rate (r
=(.589, ***p=9.93-10-7), IgG index (r=0.562, ***p =
0.000003), and the metabolic marker CSF lactate le-
vels (r=0.563, ***p=0.000003; Figure 1, c). ROC
analyses determined optimal values for discrimination
between the TU type and INF type (N=69; Figure 1,
e): >28.4 mg/L for CSF IgG (90.6% sensitivity, 81.2%
specificity; ROC AUC=0.940, ***p=1.1-10-7), >0.63
for 1gG synthesis rate mg/24 h (83% sensitivity, 93.7%
specificity, ROC AUC=0.899, ***p=0.000001), >0.675
for 1gG index (90.6% sensitivity, 87.5% specificity,
ROC AUC=0.887, ***p=0.000003), and >1.165 mmol/L
for CSF lactate levels (88.7% sensitivity, 75% specifi-
city; ROC AUC=0.888, ***p=0.000003). All these
variables strongly and significantly associated with the
INF type, suggesting their potential as robust predict-
tors for identifying pathologically increased intrathecal
IgG production. CSF IgA (r=0.362, *p=0.003) and
CSF IgM (r=0.334; *p=0.006) exhibited significantly
higher levels (with a moderate effect size), while total
CSF proteins showed the smallest effect size (r=0.272,
*p=0.024). CSF albumin levels and albumin index did
not differ significantly between the TU and INF patterns.
Lastly, the TU pattern exhibited significantly lower
values for most markers compared to the combined
(INF+TU) type. Strikingly large effect sizes were
observed for CSF IgG (r=0.829, ***p=7.12-10—6) and
CSF IgA (r=0.812, ***p=8.63-10—6), indicating that
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67.2% of 1gG variability and 65.9% of IgA variability
can be attributed to the electrophoretic pattern (TU vs.
INF+TU). Other CSF biomarkers also showed relati-
vely large effect sizes (total CSF proteins: r=0.775,
***p=0.00002; 24-hour 1gG synthesis rate: r=0.774,
***n=0.00002, CSF lactate levels: r=0.732, p=0.00006;
CSF IgM: r=0.680, ***p=0.0002). The electrophoretic
pattern had a moderate effect on the IgG index (mo-
derate to large, r = 0.482, *p =0.008; Figure 1, a, c).
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Estimating diacritical cerebrospinal fluid (CSF)
biomarkers to distinguish between different CSF
immunological types using DISC-PAGE electrophoretic
patterns

To validate the predictive capability of the seven pro-
posed admission CSF biomarkers for determining CSF
immunological types identified by DISC-PAGE, a
canonical discriminant analysis (CDA) was conducted.
The model, employing linear discrimination, reduced
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the seven variables into two major components known
as canonical variables (ROC curves-Figure 1, d, €). the
seven variables into two major components known as
canonical variables (ROC curves-Figure 1, d, e).

As depicted in Figure 1-f, the model revealed dis-
tinguishable differences among the three CSF immu-
nological types, with only slight intersection of confi-
dence ellipses between the TU and INF types. The
canonical details of the model and precise coordinates
of the multivariate means (centroids) for the three MS
electrophoretic types are illustrated in Figure 1-f. Sta-
tistical tests (Wilk’s Lambda, Pillai’s Trace, Hotelling-
Lawley, and Roy’s Max Root) consistently indicated
significant differences in centroids among the three
patterns (***p<0.0001 for all four tests), affirming
their distinguishability based on the proposed seven
CSF biomarkers.

The total levels of CSF proteins and the CSF IgG
levels were characterized with the highest canonical
weight and the highest loading, showing a significant
degree of positive association with the first canonical
variable (Table 1). Contrarily, the CSF lactate levels

and the albumin index had the highest canonical weight
and the highest loading with the second canonical
variable (Table 1).

In the generated CDA model, only 16.9% of patients
were misclassified, demonstrating high sensitivity and
specificity for detecting different CSF patterns (81.1%
sensitivity, 90.0% specificity for INF; 85.7% sensitivi-
ty, 95.6% specificity for INF+TU; 87.5% sensitivity,
85.1% specificity for TU; entropy R2=0.5966; —2log
Likelihood=60.5421). Total CSF proteins and CSF
IgG levels exhibited the highest canonical weight and
loading, indicating a significant positive association
with the first canonical variable. Conversely, CSF
lactate levels and the albumin index had the highest
weight and loading with the second canonical variable.
The model identified high total protein levels as
indicative of INF+TU CSF type, while low lactate and
IgG levels were indicative of TU CSF type. Common
cut-off values were proposed for detecting TU and
INF+TU patterns, with CSF IgG and CSF lactates
aiding further discrimination.

Table 1. CDA model summary (covariates are sorted according to their weight)

Scoring Coefficients

Standardized Structure coefficients

Covariates coefficients (weights) (loadings)
Canonl Canon2 Canonl Canon2 Canonl Canon2
Total CSF proteins (g/L) 5.429 -1.943 0.669 -0.239 0.918 -0.346
CSF IgG (mg/L) 0.021 0.026 0.351 0.437 0.812 0.295
CSF lactate levels (mmol/L) 0.538 1.042 0.320 0.620 0.537 0.587
Albumin index (Qay x 1000) 0.095 -0.500 0.146 -0.764 0.786 -0.501
1gG syntesis rate (mg/24 h) 0.009 0.044 0.058 0.291 0.534 0.323
1gG index -0.112 -0.055 -0.045 -0.022 -0.037 0.590
CSF albumins (mg/L) -0.002 0.001 -0.130 0.085 0.798 -0.467

a. Morphological classification and characterization of
the MS CSF DISC page electrophoretic patterns. INF-
inflammatory CSF type; INF+TU-combined inflamma-
tory plus transudate type; TU-non-inflammatory transu-
date type. Given comparison with control (CTRL)-
“normal” pattern. Panels b-c: evaluation of the levels
of admission CSF biomarkers across the three infla-
mmatory CSF types based on electrophoretic patterns.
Results summarized as median, IQR and non-outlier
range. b. Total CSF protein levels, CSF albumin levels
and albumin index (Qapx1000) among the pattern
types. c. Specific immunological (CSF IgG, IgG index,
CSF 1gG synthesis rate, CSF IgA, CSF IgM) and me-
tabolic (CSF lactate) biomarkers among the pattern
types. d. ROC analyses for discrimination between the
combined INF+TU and INF CSF type. e. ROC analy-
ses for discrimination between the TU and INF CSF
type. f. CDA analyses for estimation of the diacritical
CSF biomarkers in discrimination among the CSF
immunological patterns. The multivariate’s centroid for
each of the three types is denoted by the symbol plus
(+), and the Mahalanobis distance from each observa-
tion to each group’s centroid can be observed. The

small ellipses correspond to the region in the space
that contains approximately 50% of the observations
and the larger ellipses depict the 95% confidence inter-
vals. The set of rays (delivered as multiple of the cano-
nical weights) shows the direction of the covariates in
the canonical space and indicates their degree of asso-
ciation with the specific patterns. The four estimated
diacritical CSF biomarkers strongly associated with
the specific electrophoretic types are depicted with
shaded ellipses.

TP-total CSF protein levels; Alb-CSF albumin levels;
Qapx1000-Albumin index; IQR-interquartile range.
*p<0.05; ***p<0.001.

Assessment of the disease course: discrimination
between SPMS and RRMS on the basis of admission
CSF biochemical markers and CSF electrophoretic
signatures

The majority of CSF biochemical markers exhibited
comparable levels between patients with SPMS and
those with RRMS. Only three variables were signify-
cantly higher in SPMS patients: CSF lactate levels (U



101

Cerebrospinal fluid biomarkers

=226.0; *p=0.001, Figure 2-a), CSF IgG (U=341.0; *p
=0.045, Figure 2-d), and albumin index (U=338.5; *p
=0.042, Figure 2-e). The effect size of CSF lactate on
the disease form was moderate (r=0.369). However, it
was noted that the distribution of CSF lactate levels

exhibited a binomial pattern with two clear peaks
(Figure 2-b), indicating two subpopulations based on
CSF lactates. Visual analysis of the histogram in rela-
tion to SPMS vs. RRMS confirmed a distinct separa-
tion of CSF lactate levels between the two MS types
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Fig. 2. Discrimination between SPMS and RRMS on the basis of CSF biochemical markers and electrophoretic patterns
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(Figure 2-c), suggesting that the two peaks in the
binomial distribution corresponded to different MS
forms. This implies that the SPMS form might be
predicted based on elevated admission lactate levels.
In contrast, the other two markers, CSF IgG and the
albumin index, demonstrated small effects on the di-
sease form (r=0.220 and r=0.223, respectively). Visual
analysis of their histograms in relation to the disease
form revealed substantial overlap between values for
SPMS and RRMS (Figure 2-f), indicating a limited
capacity for CSF IgG and albumin index as prognostic
markers for differentiation.

To assess the relevance of CSF IgG and albumin index
in predicting disease outcomes, a CDA analysis was
conducted (Figure 2-i). The three continuous variables
were consolidated into one major component. The mo-
del incorporated covariance shrinkage, reducing pre-
diction variance (overall shrinkage=0.8847; overall
Lambda=0.1152).

As illustrated in Figure 2-i, the CDA model, utilizing
CSF lactates, 1gG, and the albumin index, effectively
distinguished between the two types of multiple scle-
rosis (MS). The multivariate centroids for RRMS and
SPMS were distinctly separated (assessed as —0.2179
for RRMS and 0.9880 for SPMS), and four statistical
tests (Wilk’s Lambda, Pillai’s Trace, Hotelling-Lawley,
and Roy’s Max Root) verified significant differences
between the two centroids (Likelihood Ratio=0.8192,
F=5.8104, *p=0.0012). Only 27.7% of patients were
misclassified in this model (73.3% sensitivity, 72.1%
specificity for detecting patients with SPMS; entropy
R2=-0.1479; -2logL.ikelihood=90.0359). CSF lactate le-
vels exhibited the highest scoring coefficient (1.3336),
canonical weight (0.8576), and loading (0.94457),
indicating a substantial positive association with the
SPMS form (Figure 2-i).

ROC analyses revealed that CSF lactate levels alone
were equally powerful predicting the distinction bet-
ween SPMS and RRMS as the comprehensive CDA
model encompassing all three variables (ROC AUC=
0.778 compared to ROC AUC=0.790 for the CDA mo-
del, Figure 2-j). Given the superior predictive capabi-
lity of CSF lactate levels over 1gG levels and the
albumin index, we suggest that elevated admission
CSF lactate levels can serve as a significant predictive
risk factor for SPMS development. A threshold value
of >2.01 mmol/L CSF lactate is proposed as the opti-
mal cut-off point for discriminating between the two
MS types (73.3% sensitivity, 76.5% specificity, ROC
AUC=0.778, ***p=0.0007).

Significantly, the two forms of multiple sclerosis (MS)
exhibited significant differences in CSF immunolo-
gical patterns, despite a small effect size. The CSF TU
type was exclusively found in RRMS patients, while
the combined INF+TU CSF type was more prevalent
in SPMS patients (32=6.495, *p=0.039, V=0.209; Figure
2-g). The presence of oligoclonal bands showed relati-

vely equal frequency in both SPMS and RRMS pa-
tients (x2=1.310, p the seven variables into two major
components known as canonical variables (ROC
curves-Figure 1, d, €).=0.252; Figure 2-h). disease form
(r=0.220 and r=0.223, respectively). Visual analysis of
their histograms in relation to the disease form re-
vealed substantial overlap between values for SPMS
and RRMS (Figure 2-f), indicating a limited capacity
for CSF IgG and albumin index as prognostic markers
for differentiation.

To assess the relevance of CSF 1gG and albumin index
in predicting disease outcomes, a CDA analysis was
conducted (Figure 2-i). The three continuous variables
were consolidated into one major component. The mo-
del incorporated covariance shrinkage, reducing pre-
diction variance (overall shrinkage=0.8847; overall
Lambda=0.1152).

As illustrated in Figure 2-i, the CDA model, utilizing
CSF lactates, 1gG, and the albumin index, effectively
distinguished between the two types of multiple scle-
rosis (MS). The multivariate centroids for RRMS and
SPMS were distinctly separated (assessed as —0.2179
for RRMS and 0.9880 for SPMS), and four statistical
tests (Wilk’s Lambda, Pillai’s Trace, Hotelling-Lawley,
and Roy’s Max Root) verified significant differences
between the two centroids (Likelihood Ratio=0.8192,
F=5.8104, *p=0.0012). Only 27.7% of patients were
misclassified in this model (73.3% sensitivity, 72.1%
specificity for detecting patients with SPMS; entropy
R2=-0.1479; -2logLikelihood=90.0359). CSF lactate le-
vels exhibited the highest scoring coefficient (1.3336),
canonical weight (0.8576), and loading (0.94457),
indicating a substantial positive association with the
SPMS form (Figure 2-i).

ROC analyses revealed that CSF lactate levels alone
were equally powerful predicting the distinction bet-
ween SPMS and RRMS as the comprehensive CDA
model encompassing all three variables (ROC AUC=
0.778 compared to ROC AUC=0.790 for the CDA mo-
del, Figure 2-j). Given the superior predictive capabi-
lity of CSF lactate levels over 1gG levels and the
albumin index, we suggest that elevated admission
CSF lactate levels can serve as a significant predictive
risk factor for SPMS development. A threshold value
of >2.01 mmol/L CSF lactate is proposed as the opti-
mal cut-off point for discriminating between the two
MS types (73.3% sensitivity, 76.5% specificity, ROC
AUC=0.778, ***p=0.0007).

Significantly, the two forms of multiple sclerosis (MS)
exhibited significant differences in CSF immunolo-
gical patterns, despite a small effect size. The CSF TU
type was exclusively found in RRMS patients, while
the combined INF+TU CSF type was more prevalent
in SPMS patients (y2=6.495, *p=0.039, V=0.209; Figure
2-g). The presence of oligoclonal bands showed relati-
vely equal frequency in both SPMS and RRMS pa-
tients (x2=1.310, p the seven variables into two major
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components known as canonical variables (ROC curves-
Figure 1, d, €).=0.252; Figure 2-h).

a. Comparison of the CSF lactate levels between SPMS
and RRMS patients. b. Binomial distribution of the
CSF lactate levels among patients. c. Histogram of the
CSF lactates in relation to the two outcomes. A
satisfactory separation of the values can be observed,
with the highest levels of lactates associated with
SPMS form. d. Comparison of the CSF 1gG levels
between SPMS and RRMS patients. e. Comparison of
the albumin index between SPMS and RRMS patients.
f. Histograms of CSF 1gG levels and albumin index in
relation to the two outcomes. A clear overlapping of
the values can be observed, suggesting low capacity of
the two biomarkers for separation between SPMS and
RRMS. g. Frequencies of the three CSF inflammatory
types between the two outcomes. It can be noted that
the TU pattern was detected only in RRMS patients. h.
Approximately equal frequencies of the presence of
OCGBs between the two outcomes. i. CDA model for
prediction of the outcomes, based on CSF lactates, IgG
and albumin index. j. ROC analyses of the capacity of
the CDA model and the CSF lactate levels alone to
accurately predict the development of SPMS.

Discussion

In this ongoing research, we conducted a prospective
2-year longitudinal cohort study focusing on indivi-
duals with MS undergoing Interferon beta-1a treatment.
Employing a comprehensive methodology, we integra-
ted various quantitative and qualitative approaches to
enhance the sensitivity of our findings. In the initial
results section, our focus was on aligning outcomes
obtained by diverse methodologies to determine opti-
mal levels of CSF biomarkers associated with specific
pathological processes (transudation and local synthe-
sis) and CSF immunological patterns (TU, INF, or
combined INF+TU).

In the present study, a thorough morphological exami-
nation of cerebrospinal fluid (CSF) electrophoreto-
grams was undertaken, and the observed electropho-
retic patterns were compared with the immunological
classification of CSF as proposed by Schuller and
Delasnerie [16]. Unlike laser nephelometry, which relies
solely on the intensity of scattered light proportional to
the absolute concentration of the CSF analyte, DISC-
PAGE offers multiple variables for assessing CSF
content. Importantly, DISC-PAGE captures changes in
the TU pattern not only related to albumin content but
also discerns detectable alterations in almost all other
fractions. Additionally, the identification of protein
fractions such as haptoglobin 2-1 and 2-2 polymers,
absent in normal CSF, serves as a distinctive abnor-
mality in the TU pattern, strongly indicating transude-
tion during MS. Therefore, DISC-PAGE electrophore-
tic patterns can be considered as highly specific

signatures, reflecting pathological changes in specific
protein fractions within the CSF composition.

Utilizing the acquired electrophoretic patterns and their
correlation with quantitatively assessed CSF biomarker
levels, we have introduced lower cut-off values for
distinguishing between INF, TU, and combined INF-
TU types. These values, marked by elevated sensitivity
and specificity, were further substantiated by Canonical
Discriminant Analysis, affirming their credibility and
accuracy. Consequently, we suggest that these revised
lower cut-off values for CSF biomarkers offer a more
precise and comprehensive means of evaluating immu-
nological CSF types in the context of multiple sclerosis.
The primary objective of this investigation was the
comprehensive assessment of CSF immunological pa-
tterns and admission CSF biomarkers, with a specific
emphasis on their efficacy in providing early prog-
nostic indications of disease outcome and functional
disability in individuals with multiple sclerosis. Prog-
nostic and predictive markers hold significant value in
MS, contributing to the quality evaluation of the di-
sease trajectory. Their impact on clinical decision-ma-
king and treatment recommendations is pivotal, playing a
crucial role in averting further neurological impair-
ments. Nevertheless, the existing literature has limitedly
addressed the prognostic potential of routinely ana-
lyzed CSF biomarkers in the context of MS.

Despite the challenges posed by the concentration of
total CSF protein exceeding 1 g/L in diagnosing MS,
and the commonly employed albumin index along
with the IgG index and 24 h IgG synthesis rate being
recognized as key criteria for blood-CSF barrier func-
tion assessment and local synthesis reflection, none of
these routine markers emerged as promising candi-
dates for early detection of disease progression or
functional disability. Our statistical analysis revealed
that total CSF proteins, albumin, and 1gG indices,
along with most other CSF biomarkers, lack accuracy
in predicting disease progression and the development
of secondary progressive MS (SPMS). Furthermore,
CSF immunological patterns and the presence of oli-
goclonal bands on admission failed to distinguish
between relapsing-remitting MS (RRMS) and SPMS
patients. Despite the marginal impact of CSF IgG and
the albumin index on disease form, canonical discri-
minant analysis demonstrated their limited relevance
in prognosticating the disease course. In contrast, CSF
lactate levels emerged as the sole significant early
predictor for SPMS. Notably, CSF lactate levels alone
exhibited comparable efficacy to the entire canonical
discriminant analysis model, which included addi-
tional factors such as CSF IgG levels and the albumin
index. Given the superior predictive capacity of CSF
lactate levels, we propose a threshold of >2.01 mmol/L
CSF lactate as an optimal cut-off point for early
prognostication of SPMS development. These findings
align with prior research by Jongen et al. [19], which
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observed elevated lactate and albumin index in SPMS
patients compared to RRMS. Our proposed cut-off
value closely corresponds to the suggested threshold of
2.1 mmol/L indicative of central nervous system tissue
destruction (Genton and Berger [20], Leib et al. [21]).

Conclusion

In summary, we advocate the utilization of DISC-
PAGE electrophoresis with densitometry tracing as a
superior and dependable method for detecting CSF
immunological patterns. Additionally, we posit that
our morphological characterization of electrophoreto-
grams, along with the suggested cut-off values for
albumin index, IgG index, CSF 1gG, and CSF lactates
presented in this study, could offer a more precise,
sensitive, and comprehensive assessment of the pre-
sence of local synthesis and abnormal barrier in the
context of multiple sclerosis.

Conflict of interest statement. None declared.
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Case report
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A CASE OF PERIVENTRICULAR NODULAR HETEROTOPIA AND A NEDD4L GENE
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Abstract

Introduction. Periventricular nodular heterotopia (PVNH)
is characterized by presence of gray matter nodules li-
ning the ventricular walls. Most of the patients present
with epilepsy and with or without intellectual impair-
ment. PVNH 7 is associated with mutation in the
NEDDA4L gene on the chromosome 18. A variant of
uncertain significance (VUS) is a variant that cannot
be associated with some medical condition because
there is not enough evidence for that.

Case presentation. A 17-year-old boy with a history
of three seizures in the last two years was referred for
reevaluation and treatment initiation. His sleep-depri-
ved EEG study revealed bilateral independent epileptic
discharges and his neuropsychological examination re-
vealed borderline intellectual functioning. The MRI
studies of the brain showed bilateral asymmetric
PVNH but the genetic testing discovered a VUS in the
NEDDAL gene.

Discussion. There are five categories of gene variants:
pathogenic, likely pathogenic, VUS, likely benign and
benign. The interpretation of a variant is influenced by
the frequency at which that variant is found in the po-
pulation, the previous observations of it in other pa-
tients with the same clinical features and the predicted
impact of the variant. Categorization of a VUS may
change as more people get tested.

Conclusion. Reporting patients with PVNH and VUS
is important because it can help us in understanding
the connection between the malformation and the
variant. Genetic testing of the parents may prove that
this is a de novo variant, which may be categorized as
a likely pathogenic variant.
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Ancrpakr

Bosen. IlepuBeHTpuKynapHaTa HOLYJIapHa XETEPOTO-
myja (ITIBHX) ce kapakrepu3upa co IpUCYCTBO Ha HO-
IOyN{ O]l CHBAa Maca OKOIY BEHTPHUKYJIapHHUTE SHIIOBH.
Hajronemuor 6poj of mamueHTHTe MaHHpecTHpaar
eIUIIETICHja CO WM 0e3 WHTEJEKTYaTHO HapYIIyBambe.
IIBHX 7 e acomupana co mytanmja Bo renotr NEDD4L
Ha xpomo3oMoT 18. T'eHckuTe BapujaHTH CO HEMO3-
HaTo 3Hauyewe (BH3) ce BapujanTH KOM HE MOXKAT Ja
ce TIOBp3aT CO HeKoja OO0JIECT 3aToa INTO HE MOCTOjaT
JIOBOJTHO JTOKa3H 3a TaKBaTa acolfjaluja.
IIpe3entanmja Ha ciay4daj. 17 roauImHO MOMYE CO
aHaMHe3a 32 TPH HaIlaJy BO IOCIEIHUTE IBE TOAUHH
Oeriie pedeprupaHo 3a peeBaiyaldja 1 3al0YHYBambE CO
tepanuja. Herosumor EEI' Haox mo nmenpuBanuja Ha
COH TIpHKaXka OWIaTepalHU HE3aBUCHHU CIIICTITUIHU
n30MBamka, 2 HETOBOTO HEBPOIICHUXOJIOIIKO TECTHPAHE
NpUKaXa TPAaHMYHO UHTEJEKTYaTHO (pyHKI[MOHUpAbe.
Haomute om HMP Ha M030KOT MoKakaa OujiaTepaliHa
acumeTpuuHa [IBHX, HO reHeTcKHTe aHAN3U OTKpHja
BH3 Bo reror NEDDAL.

Jduckycuja. [TocTojat meT KaTeropuy Ha TCHCKHA BapH-
JaHTH: TATOJOIIKH, HajBepojaTHO maroiomku, BH3,
BepojaTHO OCHMUTHU U OeHWTHU. MHTepnpeTanujaTta Ha
€/IHa BapHjaHTa ¢ MoJI BIUjaHue Ha (ppexdeHImjara co
KOja Taa BapHjaHTa € 3acTalleHa BO IIOIyJalujara,
OPETXOHUTE HAOAM Kaj MAIUCHTH CO UCTU KIUHUYKH
KapaKkTEPUCTUKU U MPEABUICHUOT UMITAKT HA BapHjaH-
tata. Kareropmsanmjata Ha emHa BH3 moxke ma ce
IIPOMEHH BO KOJIKY TIOBEKe JIyI'e Ce TECTHpaar.
3akayuok. [IpukaxyBameTo Ha nmanuentu co [IBHX
u BH3 e BakHO 3aTOa MITO TOAa MOXKE J1a HU TIOMOTHE
BO pa30HpameTo Ha BpcKaTa momery maidopmanujara
U BapHjaHTaTa. [ €eHEeTCKOTO TEeCTUPALE HA POTUTEIINTE
MOXKe J]a JIOKaxke JieKa OBJie cTaHyBa 300p 3a de novo
BapHjaHTa, a Toa MOXKE Jia ja KaTeropusupa HCTara
KaKO BEPOjaHTO MMaToreHa BapHjaHTa.
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Kayuynn 300poBH: TEpHBEHTPUKYITApHA HOAYJIapHA
XETEpOTONHja, BapHjaHTa CO HEMO3HATO 3HAUCHE,
NEDDAL, enunerncuja, reHeTHKA

Introduction

The development of the cerebral cortex is a complex
but well-controlled process that is consisted of three
major stages: cell proliferation and apoptosis; cell
migration; and post-migrational development. Many
internal and external factors can disrupt the normal
cortical formation at any stage and can cause a large
group of disorders called malformations of cortical
development [1].

Neuronal migration starts between 5-6 gestational week,
peaks between 5-6 gestational month and ends bet-
ween 30-35 gestational week. At this stage, neurons
migrate from the ventricular and subventricular zone
to the cortical plate in a radial or tangential way [1-2].
Disruptions of this process can lead to migrational
malformations, such as gray matter heterotopia [1,3].
Gray matter heterotopias are defined as masses of
neurons localized in the white matter between the
lateral ventricles and the normal cortex [1]. Two of
several types of gray matter heterotopia are periven-
tricular nodular heterotopia caused by disruption of the
early migration and subcortical band heterotopia caused
by disruption of the late migration [1,3].
Periventricular nodular heterotopia (PVVNH) is charac-
terized by unilateral or bilateral presence of gray ma-
tter nodules lining the ventricular walls that vary in
number, size and form and with variable association
with other brain or systemic malformations [1].

The clinical presentation of PVNH depends on the
extent of the malformation and whether it is unilateral
or bilateral or associated with other malformations [2].
Most of the patients (up to 90%) present with epilepsy
that is frequently drug-resistant and with or without
intellectual impairment [2,4,5]. The seizures are focal
onset seizures and focal to bilateral tonic-clonic seizures
with features referable to the location of the heteroto-
pia, and the intellectual impairment may vary from
mild to severe [4]. The diagnosis of PVNH is usually
based on the clinical, neurophysiological and neuro-
imaging findings but genetic analyses may reveal a
possible genetic etiology of the heterotopia [4,6]. The
treatment of PVNH includes anti-seizure medications,
neuromodulation and epilepsy surgery [3,6].
Periventricular nodular heterotopia (PVNH) is a con-
genital malformation and its etiology may be genetic
or associated with an intrauterine insult such as in-
fection, trauma or a vascular accident [7]. The genetic
PVNH may be caused by gene abnormalities or chro-
mosomal abnormalities [4]. Gene abnormalities are
more frequent and they represent acquired or inherited
gene mutations with autosomal recessive, autosomal

dominant or X-linked pattern of inheritance. PVNH is
most commonly caused by mutations in the FLNA ge-
ne and the other responsible genes include ARFGEF2,
ERMARD, NEDDA4L, ARF1 and MAP1B. Chromoso-
mal abnormalities are less frequent and they usually
involve anomalies of the chromosome 5 [8].

PVNH is a genetically heterogeneous condition which
means that different genetic defects can cause the same
cortical malformation. There are 9 types of PVNH which
represent nine different genotype-phenotype correla-
tions. Periventricular nodular heterotopia 7 is associated
with mutation in the NEDDA4L gene on the chromoso-
me 18 [8]. This gene encodes an ubiquitin ligase that
regulates ion channels and it appears to have roles in
various neuronal, cardiovascular, respiratory and renal
functions [9].

A variant of uncertain significance is a gene variant
that cannot be associated with a certain medical con-
dition because there is not enough evidence that can
support such association. Variants of uncertain signifi-
cance are considered neither pathogenic nor non-pa-
thogenic gene variants but their classification can
change over time [10].

We present a patient with epilepsy caused by periven-
tricular nodular heterotopia whose genetic testing re-
vealed NEDDA4L gene variant of uncertain significan-
ce. The aims of this case report were to describe the
clinical features of our patient, to discuss the known
genetic defects associated with this cortical malforma-
tion and to discuss the meaning of the gene variants
that are of uncertain significance.

Case presentation

A 17-year-old male patient with a history of three seizu-
res in the last two years was referred to the University
Clinic for Neurology in Skopje for reevaluation and
treatment initiation. Medical records including two
routine electroencephalography (EEG) studies and two
magnetic resonance imaging (MRI) studies of the
brain were brought along. During the hospitalization at
the Clinic, a thorough medical history was taken and all
the medical records were carefully evaluated. Addi-
tionally, routine blood tests, neurological examination,
neuropsychological examination, sleep-deprived EEG
study and genetic testing were made.

The patient is a left-handed high school student, un-
married and childless. He lives with his parents and
one older brother. No family history for epilepsy or any
hereditary diseases were reported. His prenatal, natal
and postnatal history were normal. No comorbidities,
chronic therapy or food and drug allergies were
reported.

He doesn’t take any drugs, he doesn’t smoke cigarettes
and he doesn’t drink alcohol. According to his family,
the patient ‘has never been fond of studying’ and has
always had low grades in school. He is well socialized
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but quiet, likes to play video games and often stays up
at night and doesn’t get enough sleep.

Two years prior to hospitalization, at the age of 15, the
patient had his first seizure. As stated by his mother,
after two days of not sleeping much, at 5 am, while
sleeping, he straightened his upper body up, screamed
and then started reaching for his mouth with his both
hands ‘as if he wanted to open it’ while speaking in-
comprehensibly. A simultaneous stiffening and then
shaking of all four extremities followed this event.
After one year, at the age of 16, the patient had his
second seizure. As stated by his friends, it happened in
a café while drinking coffee when his whole body
suddenly stiffened and then his arms and legs started
shaking. The third seizure happened two months be-
fore hospital admission and it was described by his
brother according to whom this seizure was identical
to the first one. As reported by his family and friends,
the seizures lasted less than 2 minutes, the patient was
unresponsive during the seizures and seemed confused
in a period shorter than 1 hour after the seizures.

MRS
b LY

The neurological examination of the patient showed
normal head size, no obvious dysmorphic body charac-
teristics and normal sensory and motor functions. The
routine blood tests were also normal. The two routine
EEG studies that were brought along were made after
the two first seizures and their evaluation showed
different interictal findings. The first study revealed
occasional sharp waves and occasional spikes above
both central-parietal and temporal regions of the scalp
but with a slight right accentuation, and the second
study was normal.

A sleep-deprived EEG study was made at our Clinic
and an interesting pathologic finding was discovered.
During awake state, frequent epileptiform discharges
consisted of spike and wave complexes were registe-
red. The discharges were present in both hemispheres
but occurred independently right and left with frontal
maximum above the right hemisphere and temporal
maximum above the left hemisphere (Figures 1 and 2).
During sleep, the spike and wave epileptiform dischar-
ges were mostly bilateral and synchronous.

IR ?é%? 1
|
i

B RIDEENBEERBRREEE;

L

e
?
-

Fig. 1. Epileptiform discharges above the right hemisphere
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The two MRI studies of the brain that were evaluated  isodense with normal cortex and represented unmigrated
next revealed ependymal and subependymal abnorma-  cortex-gray matter heterotopia; periventricular nodular
lities located in both lateral ventricles, mostly along-  heterotopia that was bilateral and asymmetric (Figures
side the temporal horns, the trigonums and the pos- 3,4 and 5).

terior horns of the ventricles. These abnormalities were

1
MR~New Exam
t2_tse_tra_512

Fig. 4. T2 images showing gray matter nodules alongsie both temporal horns of the
lateral ventricles (coronal view)

Fig. 5. T1 images showing periventricular gray matter nodules that are isodense with the
normal cortex (axial view left and coronal view right)
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The neuropsychological examination of the patient
consisted of non-verbal test that measured his general
intelligence using Raven’s progressive matrices. The
test showed borderline intellectual functioning with an
1Q of 76.

Further in the evaluation process the patient was re-
ferred for genetic testing for mutations of the genes
associated with periventricular nodular heterotopia. A
targeted massive parallel sequencing of the exons of
the protein-coding genes of the genome of the patient
and bioinformatic analysis of the genes associated with
his condition were made. The analysis revealed a hete-
rozygous variant of uncertain clinical significance: c.
812A>C, p.Glu271Ala in the exon 10 of the NEDDA4L
gene.

During the hospitalization at the Clinic, the patient was
regularly observed, no seizures were detected and mo-
notherapy with broad-spectrum anti-seizure drug-val-
proic acid was initiated. At the follow-up visit after
three months, no seizures and no adverse effects of the
drug were reported. The patient has been seizure-free for
one year now at the time of publishing this case report.

Discussion

The clinical presentation of the patient predominantly
included seizures. According to the reported descrip-
tions of the three seizures, the assumed semiology of
two of them was highly suggestive of focal onset
seizures with impaired awareness that progressed to
bilateral tonic-clonic seizures, while not enough infor-
mation regarding the onset of one of the seizures was
provided [4]. The routine EEG findings were uninfor-
mative in detecting a focal epileptiform activity while
the sleep-deprived EEG findings revealed possible epi-
leptic focuses in both hemispheres. This focal epilepti-
form activity consisted of spike and wave complexes
that occurred independently in the right and left hemi-
sphere during awake state, while the discharges during
sleep were mostly bilateral and synchronous. Classi-
fying the seizures and classifying the epilepsy are an
important part of the diagnostic process from an etiolo-
gical point of view [4,11]. When seizure semiology and
EEG findings suggest focal seizures, neuroimaging is
indicated because focal epilepsies are usually asso-
ciated with structural brain abnormalities and that infor-
mation carries therapeutic and prognostic implications
[11]. Indeed, the MRI studies of the patient revealed
bilateral periventricular nodular heterotopia, a malfor-
mation of cortical development that is associated with
focal epilepsy in 80-90% of the cases [4].

The prognostic value of this comes from the fact that
cortical malformations are an important cause of drug-
resistant epilepsy in 40% of the cases [12]. On the
other side, there is the therapeutic value of the search
for such malformations due to the fact that some pa-

tients may be eligible for epilepsy surgery, while for
the others neuromodulation may be considered [3].
Periventricular nodular heterotopias may be acquired
due to an intrauterine insult or may be genetic [7].
Taking into consideration the medical history and the
neurological examination of the patient, a causing
intrauterine infection, trauma or vascular accident was
excluded and a genetic cause came to mind. The ne-
gative family history of the patient implicated that the
genetic cause was probably due to a sporadic (de no-
vo) mutation and not due to an inherited one.

In the Online Mendelian Inheritance in Men (OMIM)
database, there are nine genotype-phenotype correla-
tion entries regarding periventricular nodular heteroto-
pia (PVNH) [8].

PVNH1 is X-liked dominant heterotopia associated
with cardiovascular anomalies and is caused by hetero-
zygous mutation in the FLNA gene on the Xq28 chro-
mosome. This is the most common mutation and most
of the affected individuals are females presenting with
epilepsy but normal intelligence while males tend to
die in utero. PVNH4 was previously regarded as Ehlers-
Danlos variant and now is considered to be the same
as X-linked dominant PVNH1. Several patients with
PVNH and FLNA mutations have been reported to
have combinations of cardiovascular, cutaneous and
joint-related disorders [8].

PVNH2 is autosomal recessive heterotopia associated
with microcephaly and is caused by homozygous muta-
tion in the ARFGEF2 gene on the 20q13 chromosome [8].
PVNH3 is associated with anomalies of the chromosome
5p, and PVNHS5 is associated with deletions of the
chromosome 5q [8].

PVNH6 is autosomal dominant heterotopia caused by
heterozygous mutation in the ERMARD gene on the
6027 chromosome. PVNH7 is autosomal dominant
heterotopia caused by heterozygous mutation in the
NEDD4L gene on the 18g21 chromosome. PVNHS8 is
autosomal dominant heterotopia caused by heterozy-
gous mutation in the ARF1 gene on the 1g42 chromo-
some. PVNH9 is autosomal dominant heterotopia
caused by heterozygous mutation in the MAP1B gene
on the 5913 chromosome [8].

The genetic testing of our patient consisted of targeted
sequencing of the protein-coding genes associated
with PVNH and it revealed a heterozygous variant of
uncertain clinical significance in the NEDDAL gene on
the exon 10. The NEDDA4L gene is located on the
18g21 chromosome, has 38 exons and encodes an
ubiquitin protein ligase (E3) [8,13]. This enzyme is
expressed in the brain, heart, lungs and the kidneys
and takes roles in the function of the voltage gated
sodium channels, epithelial sodium channels and the
sodium-chloride co-transporters [14]. Patients with
PVNH and known NEDDA4L mutations may have va-
riable dysmorphic facial features, optic nerve atrophy,
strabismus, hearing impairment, micrognathia, cleft
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palate, truncal hypotonia, contractures, cutaneous or
toe syndactyly, cryptorchidism, hypospadias and many
central nervous system disorders [8]. The neurological
disorders also include delayed psychomotor develop-
ment, intellectual disability, absent or poor speech, ab-
sent or poor walking, seizures but only in some patients
and finally, periventricular nodular heterotopia that in
some patients may be associated with focal cortical
dysplasia or corpus callosum atrophy [8].

Having in mind the normal medical history of our
patient and his normal neurological examination on
one hand and the fact that the genetic testing did not
detect any of the known mutations in the NEDDA4L
gene on the other hand, the question is: what does this
variant of uncertain significance mean for the clinician
and for the patient?

The American College of Medical Genetics and
Genomics (ACMG) categorizes gene variants into five
categories: pathogenic, likely pathogenic, variants of
uncertain significance, likely benign and benign [15].
When there is insufficient or conflicting evidence for a
gene variant to be associated with some diseases, that
variant is categorized as variant of uncertain signifi-
cance (VUS). A basic understanding of VUS is impor-
tant for test interpretation and clinical management so
that the presence of VUS, even in a relevant gene,
does not confirm a genetic diagnosis [10].

The interpretation of a gene variant is influenced by
the frequency at which the variant is found in the
general population, the previous observations of that
variant in other patients with the same clinical features
and the predicted impact of the variant. As time passes
by and more people get tested, the categorization of a
VUS may change into pathogenic or benign. However,
only few VUS become suspicious over time and are
later considered diagnostic. While testing the general
population is important, testing the parents may also
help the process because if a child has a VUS that is
not inherited from the parents, this information may be
enough to upgrade that variant to a likely pathogenic
variant. Finally, VUS should not dictate the decision-
making process regarding clinical management or
reproduction [10].

Conclusion

Reporting patients with malformations of cortical de-
velopment and variants of uncertain significance is im-
portant because that may help us understand the co-
nnection between the malformation and the variant and
even upgrade that variant to a pathogenic one over time.

We reported a patient with heterozygous variant of
uncertain significance (c.812A>C, p.Glu271Alg) in the

exon 10 of the NEDDA4L gene, with asymmetrical bila-
teral periventricular nodular heterotopia presented with
focal to bilateral tonic-clonic seizures and borderline
intellectual functioning. Genetic testing of the healthy
parents of the patient may prove that this is a de novo
heterozygous variant, which may be categorized as a
likely pathogenic variant.

Finally, while waiting to find out the significance of
gene variants, we encounter with patients with seizures
which may be hard to control in the future and that
gives cortical malformations enough significance to
follow these patients carefully.
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Abstract

Introduction. Cerebral venous sinus thrombosis (CVST)
is a medical emergency in pregnancy and the postpar-
tum period. The currently recommended treatment for
CVST is low molecular weight heparin (LMWH) fo-
llowed by oral anticoagulant therapy. Various data
suggest that the use of novel anticoagulant therapy
(NOAC:) is associated with a lower risk of bleeding.
Epileptic seizures are also common in CVST. Acute
symptomatic seizures occur in about 35-50% of cases.
In absence of precise guidelines, the decision on the ti-
ming, type, dose and duration of the antiepileptic treat-
ment in patients with CVST is often individualized.
Case presentation. A previously healthy 27-year-old
woman, gravida 4, para 3, delivered by caesarean sec-
tion 15 days ago, presented to the Department of Emer-
gency Neurology with a left-sided headache accompa-
nied by multiple secondary generalized focal seizures.
Neurological examination showed weakness of the right
upper extremity. Magnetic resonance imaging revealed
thrombosis of several cerebral venous sinuses as well
as cortical vein thrombosis. Treatment with LMWH and
Carbamazepine was started. No seizures and no further
deterioration were observed during hospital stay. The
patient was discharged with oral anticoagulant (Riva-
roxaban) and anticonvulsant (Carbamazepine) therapy.
A 6-month follow-up showed no neurological deficit,
no seizures and no other cerebrovascular complica-
tions, with the exception of a slightly increased men-
strual bleeding.

Conclusion. Outpatient treatment of postpartum CVST
with Rivaroxaban appears to be effective and reduces
the risk of bleeding. Treatment with Carbamazepine
during the next 2.5 years showed no thromboembolic
accidents or seizures in our patient.

Correspondence to: Gloria Gashpar, PHI Specialized Hospital for
Geriatric and Palliative Medicine "13 November", 1000 Skopje, R. N.
Macedonia; E-mail: glorijagaspar@yahoo.com

Keywords: cerebral venous sinus thrombosis, seizures,
postpartum, Rivaroxaban, Carbamazepine

Ancrpakr

Bogen. llepebpanna cunyc BeHcka Tpombo3a (LIBCT)
€ WTHa coctoj0a BO OpeMeHOCTa W IMOCTIAPTATHHOT
neprosl. MOMEHTaJIHO MpenopayaHuoT TpPEeTMaH 3a
HIBCT e co HUCKOMOJIEKYIapeH XenapuH, a MmoToa co
OpaJlHa aHTHKOATryJIaHTHa Tepamnuja. YmoTpebara Ha
HOBHUTE aHTHKOAryJaHCH € MOBP3aHa CO MOMaJl PH3UK
0l KpBapewe. EnunentuuHuTe Hamaaud ce 4YecTH Kaj
LIBCT. Kaj 35-50% on mammeHTHTE CE II0jaByBaat
aKyTHH CUMIITOMAaTCKM Hamaau. Bo oTcycTBO Ha mpe-
[I3HU YIaTCTBa, OJUIyKaTa 3a MOYETOKOT, BUAOT, JIO-
3aTa U BPEMETPAacHETO HAa AHTHCIMICIITHYHATA Tepa-
Hja € YeCTONAaTH HHANBUIyaTH3UPaHa.
IIpe3entanmja Ha cayuaj. [IperxogHo 3apaBa 27 ro-
JIMIITHA KeHa, TpaBuja 4, ctaB 3, MOpoJieHa CO APCKU
pe3 mpen 15 mena, Gemre xocnuranu3upana Ha Omaenort
3a ypreHTHa HEeBpOJIOTHja TOpPaJay JISBOCTpaHa IJIaBO-
Oonka ¥ oBeke CeKyHIapHO IeHepaIn3upanu (oxai-
HU Hanaau. HeBpoNomKroT mperiien nokaxa ciadoct
Ha TOPHHOT JIECEH EeKCTpeMUTeT. MarHetrHara peso-
HaHIa OTKpU TpomOO3a Ha IMoBeke IepeOpalHu BEH-
CKH CHHYCH M TpoM003a Ha KOpTHKajdHHUTe BeHH. [la-
[MEHTKaTa Oellle TpeTHpaHa cO HUCKOMOJIEKYJIApeH Xe-
napvH U KapOamaseruH, a 1o HpecTojoT, 3a BpeMe Ha
KOj HE CE perucTprupaa Hamaau, Oelle HWCIUIIaHa CO
opaJTHa aHTHKOaryJaHTHa (pUBapoKkcabaH) U aHTUEIIU-
JenTHyHa (KapOamasenuH) Tepanuja. Ha KOHTpoIHHOT
mperyen mo 6 Meceny NanueHTkaTa Oeme 0e3 HeBpO-
JOMIKK Ae(UINT, HE TIPHUjaBH HAIAH U JPYTH [eped-
POBacKyJlapHH KOMIUTMKALIUH, TYKY JIECHO 3TOJIEMEHO
MEHCTPYaTHO KpBapembe.

3akay4ok. AMOYITaHTCKHOT TPETMaH Ha MOCTIIApPTa-
Hata TIIBC co puBapokcabaH ¢ eukaceH u To Hama-
JyBa PU3UKOT Off KpBapme. Tepanujata co kapdbamase-
ITUH BO TEKOT HA CICIHUTE 2.5 TOAWHH HE TPEIU3BUKA
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TpOM6OCM6OJ’II/I‘{HI/I HAaCTaHW, HUTY INOBTOpPHA nojaBa
Ha CIIMJICIITUIHUTC Hallaau.

Kuy4nu 360poBu: TpoM003a Ha LiepeOpaTHU BEHCKU
CHHYCH, Halla i, TIOCTIapTyM, puBapokcabaH,
KapOaMasenuH

Introduction

Cerebral venous sinus thrombosis (CVST) is an un-
common form of venous thromboembolism (VTE)
with an estimated annual incidence of 3 to 4 cases per
million in adults and 7 cases per million in children
[1]. CVST is characterized by a wide range of clinical
presentations, diverse etiology, frequent misdiagnosis,
and an uncertain prognosis. While there is no conclu-
sive evidence to support its relationship with puerpe-
rium in developing countries, it is intriguing that it may
be linked to more variables, including poor prenatal
care, metabolic disorders, and infections related to
childbirth. The incidence was calculated to be 11.6
cases per 100,000 births [2].

In younger individuals, the spectrum of CVST may
include venous congestion that may or may not be
identified on neuroimaging, parenchymal cortical or
subcortical ischemia, and subarachnoid and subdural
hemorrhages, frequently reported in conjunction with
CVST [3].

One typical complication of cerebral venous sinus
thrombosis are seizures. Acute symptomatic seizures
are frequently linked to supratentorial lesions and focal
neurological deficits. A history of acute symptomatic
seizures is strongly correlated with post-CVST epilepsy.
Prophylactic therapy following the initial acute sym-

ptomatic seizure is advised in certain situations, al-
though there is not enough reliable data to support it [4].
Our aim was to present a case of a young patient who
underwent postpartum CVST and acute symptomatic
seizures and was treated with Rivaroxaban and Carba-
mazepine. We analyzed the course of Carbamazepine
treatment and its duration in the discussion, drawing
on information and firsthand data from the available
literature.

Case presentation

We present a case of a 27-year-old nursing mother
who was admitted to the Department of Urgent Neuro-
logy 15 days after giving birth to her third child. She
has had four pregnancies, has given birth to two heal-
thy full-term children, and had a prematurely termina-
ted last pregnancy that resulted in a stillborn infant (no
medical documentation was available). She did not
report any food or drug allergies, previous or other
coexisting diseases, or a family history of neurological
diseases. Due to placental abruption, the baby was de-
livered via caesarean section. Rehydration, analgesics,
uterotonics, anticoagulants, and symptomatic medica-
tion were administered to the patient during the un-
eventful postpartum period, and she was discharged in
a stable condition and a good general health. Follo-
wing the recommendations of her gynecologist, she
was taking Bromergon tablets (2.5 mg). She visited a
neurologist nine days after giving birth because of a
headache that had persisted for two days, despite ha-
ving a normal neurological examination. Additionally,
hyperdense venous sinuses (sagittal, confluence, trans-
verse, and superior anastomotic veins; Trolard vein)
were identified on a native CT scan, indicating cereb-
ral venous thrombosis (Figure 1).

Fig. 1. Native CT scan with hyperdense venous sinuses (sagittal, confluence, transverse, and
superior anastomotic veins; Trolard vein)



113

Cerebral venous sinus thrombosis

The next day, the patient complained of persistent headaches and weakness on the right upper extremity.

Following birth, she was placed on Fraxiparine (0.6 ml
1x1) to maintain hemostasis within normal ranges for
14 days, and D-dimers of 1873. In addition to the
headache and the weakness during these two postpar-
tum weeks, three epileptic seizures with a focal onset
and secondary generalization had occurred, due to which
the patient was referred to the University Clinic for
Neurology in Skopje. Upon admission, the patient was
somnolent with a GCS of 14/15 and exhibited mild right
hemiparesis. Intramuscular Diazepam was administered,
and treatment with LMWH and Carbamazepine tablets
(200 mg 2x1) was initiated. A new CT scan was per-
formed and it indicated CVST (Figure 2).

Fig. 2. Native CT scan indicating CVST

Somatic status: conscious, afebrile, and with limited
mobility. Body temperature of 37.6°C. Auscultation
revealed bilateral vesicular breath sounds. Rhythmic
cardiac action with a frequency of 79 bpm. From a
neurological standpoint, on the day after admission,
she was conscious, responsive, and oriented in time,
place and people. Pupils were isochoric and properly
reactive to light, accommodation, and convergence.
Bulbs were centrally placed, with neatly preserved
conjugate movements. A mild degree of right mono-

paresis of the hand (Todd's paresis) was noted, without
a positive Babinski sign. She properly performed the
coordination tests with her left hand but did not per-
form them properly with her right hand. Sensitivity in
all qualities was nurtured. Sphincters were properly
controlled. Scores: mRS 2, NIHSS 2, GCS 14/15 (M6,
E3, V5).

Lab analyses provided reference values for all fin-
dings, with the exception of CRP 14.4 mg/dl and D-di-
mers at 14 ng/ml (1953).

No ex utero hemorrhage was discovered during the
gynecological check-up. The wound has healed per
primum. Ongoing treatment with antibiotics.
Echocardiographic examination showed regular findings,
except for light mitral regurgitation and registered
light shadowing of fossa ovalis without L-D shunt.
Electroencephalogram was within normal limits.
Genetic analyses for thrombophilia using the real-time
PCR technique to isolate DNA from peripheral blood
were performed, and the following results were obtained:
heterozygosity in F7, ITGA2, MTHFR 1298, MTRR,
PAI-1, PC 111, and PS 73, with 37 AFA 4. Lupus antico-
agulant was negative, and LA screening was 37 AFA 4.
MRI of the brain: A brain MRI using standard pulse
sequences in three planes was performed. On the left
sections of the brain, an absence of a normal flow void
can be seen, and on the sections with the P1 pulse
sequence, a slight hyperintensity is present, a finding
that indicates thrombosis in the sinus. On the proximal
sections starting from the confluence of the superior
and inferior sinuses, as well as within the sagittal sinus
itself, a flow void can be seen, which also indicates
thrombosis. Proximal sections, especially those taken
in FLAIR left and right parietal lobes posteriorly,
show irregular linear hyperintensities in the cortex,
suggestive of thrombosis in the small cortical veins
(Figure 3).

Fig. 3. MRI of the brain showing CVS

During the hospital stay, the patient was treated with
antiedematous, anticoagulant, antiseizure, and other
symptomatic therapies. Following a 12-day hospital

stay, the patient was discharged home in a stable ove-
rall health condition (MRS 0, NIHSS 0, GCS 15) with
the following treatment: tabl. Rivaroxaban 20 mg 1x1,
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tabl. Carbamazepine 400 mg, drag. Diazepam 2 mg
1x1 as needed. During the follow-up visit one month
after hospital admission, the patient reported minor
latent right hemiparesis and sporadic headaches in the
left temporal and occipital regions. A follow-up MRI
was performed three months after the acute episode,
and the results were assessed as normal (Figure 4).
The patient did not experience weakness on the right
side of her body and does not suffer from seizures. She
is treated with antiseizure medication and NOAC on a
regular basis. Her complaints were limited to somewhat
increased menstrual bleeding. Rivaroxaban was dis-
continued one year after the event, and she is conti-
nuing on antiepileptic medication.

Fig. 4. Control MRI of the brain after 3 months showing normal
findings

Discussion

Based on data from the International Study of Cerebral
Vein and Dural Sinus Thrombosis (ISCVT), the frequen-
cy of CVST locations is as follows: transverse sinus
86%, superior sagittal sinus 62%, straight sinus 18%,
cortical veins 17%, jugular veins 12%, vein of Galen
11%, and internal veins of the brain 11% [5]. CVST is

Table 1. Risk factors associated with CVST [11]

Inherited Acquired
Hon‘looystéinen{ia Brain tumors
Factor V Leiden homozygous mutation
G20210A prothrombin gene
Methylene-Tetra-Hydro-
Folate-Reductase 677 T T mutations
Protein C and S deficiency Local head infection
Anti-thrombin 11l deficiency,
Positive anti-cardiolipin or
anti-phospholipid antibodies

Head trauma

Intracranial hypotension

Internal jugular vein
abnormailities

Extracerebral neoplasias
Dural fistulas

Hematological conditions
Nephrotic syndrome
Systemic vasculitis
CNS infections
Bacterial meningitis
Cerebral malaria
Medicaments
Cisplatin
Methotrexate
Steroids
Neurological surgery
Lumbar puncture
Pregnancy
Puerperium

Alvis-Miranda HR, Milena Castellar-Leones S, Alcala-Cerra G,
Rafael Moscote-Salazar L. Cerebral sinus venous thrombosis. J
Neurosci Rural Pract. 2013; 4(4): 427-38. [11]

a multifactorial condition with gender-specific causes
[6]. As with any thrombotic process, risk factors are asso-
ciated with the Virchow's classic triad of thrombogene-
sis: hypercoagulability, vessel wall damage, and blood
stasis [7-8]. So far, in developed countries, the most
commonly associated factors with homozygous muta-
tions are the prothrombin gene G20210A, mutations of
methylene-tetra-hydro-folate-reductase 677TT, protein
C and S deficiencies, lack of anti-thrombin IlI, and posi-
tive anti-cardiolipin or anti-phospholipid antibodies [9-10].
There are also acquired causes of CVST, such as brain
tumors, head trauma, intracranial hypotension, internal
jugular vein abnormality, local head infection, extrace-
rebral neoplasms, dural fistulas, hematological diseases,
nephrotic syndrome, systemic vasculitis, CNS infections
(bacterial meningitis, cerebral malaria), drugs (cispla-
tin, methotrexate, steroids, oral contraceptives), neuro-
surgery, lumbar puncture, pregnancy, and puerperium
(Table 1) [11].

CVT usually begins in the large venous sinuses and
may extend into the cortical veins. In a small number
of cases, thrombosis is limited to the cortical or inter-
nal cerebral veins. Clinical symptoms depend on the
localization and expansion of the thrombus and are
very diverse. When the thrombus is confined to the
main sinuses or jugular veins, the main problem is
intracranial hypertension due to reduced venous
drainage and reduced absorption of cerebrospinal fluid.
Intracranial hypertension causes headaches, often
accompanied by papilledema, and sometimes diplopia
as a result of sixth cranial nerve palsy. Severe papi-
lledema, although rare, can result in blindness. In pa-
tients with widespread thrombosis of multiple sinuses
or when the cortical veins are obstructed, additional
symptoms often develop. Collateral venous drainage in
the brain is limited, and venous obstruction causes in-
creased capillary pressure, cerebral edema, and ultima-
tely, venous infarcts [7]. These focal cerebral lesions
can result in seizures and neurological signs, such as
hemiparesis, aphasia, hemianopia, and cognitive impair-
ment. If left untreated, large venous infarcts can be
life-threatening, and death can occur within hours in
these patients due to cerebral herniation [12].

Pregnancy and puerperium

Pregnancy and the puerperium are common causes of
transient prothrombotic states. Approximately 2% of
pregnancy-related strokes are attributable to CVT. The
frequency of CVT in the puerperium is estimated at 12
cases per 100,000 deliveries, and is only slightly lower
than puerperal arterial stroke. In a study from Mexico,
50% of CVTs occurred during pregnancy or the puer-
perium. Most pregnancy-related CVTs occur in the
third trimester or puerperium. Seven to eight CVTs
among 50,700 deliveries in Canada occurred postpar-
tum. During pregnancy or 6 to 8 weeks postpartum,
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women are at an increased risk of venous thromboem-
bolism. Pregnancy induces several prothrombotic chan-
ges in the coagulation system that persist into the early
puerperium. Hypercoagulability worsens after delivery
as a result of blood volume depletion or trauma. Du-
ring the puerperium, additional risk factors include
infection and instrumental delivery or cesarean sec-
tion. One study reported that the risk of peripartum
CVT increases with increasing maternal age, cesarean
delivery, hypertension, infections, or excessive vomi-
ting during pregnancy. It was recently reported that in
pregnant women, hyperhomocysteinemia was associated
with an increased risk of puerperal CVT in a study of
60 cases and 64 control subjects [7].

Treatment plans target the removal of the clot, mana-
ging seizures or focal impairments brought on by ce-
rebral edema and ICH, as well as controlling or curing
the underlying condition. Further treatments for CVST
complications include surgery for hemorrhagic stroke,
ICH, and hydrocephalus, among other conditions [13].
Warfarin, a long-term vitamin K antagonist, should be
administered with an international normalized ratio
(INR) goal of 2-3 after emergency care of CVT. The
etiology determines the duration of anticoagulation.
According to the AHA/ASA guidelines, anticoagula-
tion is advised for 3-6 months in cases of provoked
CVT, 6-12 months in cases of unprovoked CVT, and po-
ssibly lifelong in cases of recurrent CVT, VTE follo-
wing CVT, or CVT linked to severe thrombophilia [7].
More recently, the American College of Chest Physi-
cians (ACCP) has recommended prolonging anticoagu-
lation for three months in cases of induced VTE,
revisiting after three months for unprovoked VTE, and
evaluating bleeding risk yearly thereafter [14].

It is unclear if this holds true for CVT, which has a
somewhat different risk factor profile. Since recana-
lization only occurs in the initial few months following
CVT, and there is no evidence linking it to clinical
outcomes, it does not appear to affect the decision
regarding the duration of anticoagulation [15].

Direct oral anticoagulants (DOACSs) are important to
discuss. Research has demonstrated that when it comes
to treating VTE and preventing recurrence, DOACs
are comparable to Warfarin [16].

There are very few observational studies available for
CVT, and one of them included only fifteen patients [17].
In the absence of clear evidence, DOACs remain a
potential treatment option for patients in whom War-
farin is not appropriate, but they would not be re-
commended as a first-line therapy. Geisbusch et al.
reported data on 16 patients with cerebral venous and
sinus thrombosis, comparing the recanalization status,
complications, and clinical outcomes of Rivaroxaban
with Warfarin [18]. The overall outcome was excellent
in 93.8%, and all patients showed at least partial revas-
cularization. No statistically significant differences were
found between the groups, except for the use of he-

parin before the start of oral anticoagulation (p=0.03).
One patient on Warfarin and two patients on Riva-
roxaban had minor bleeding (p= 0.55) within a median
follow-up of 8 months. Anticoli et al. reported data on
six patients with CVT treated with Rivaroxaban, sho-
wing an excellent outcome in 100% of patients and
complete or partial recanalization in 83% at three-
month follow-up. At 12 months, they observed an exce-
llent outcome in 100% of patients and complete (33%)
or partial recanalization (67%) in all cases. There were
no bleeding complications (major, clinically relevant
non-major, or minor) or recurrent thrombotic events
during follow-up [19].

Recently, Shankar et al. published a case study of 21
patients treated directly with Rivaroxaban without
bridging heparin therapy [20]. An excellent clinical
outcome was observed in 95% of patients when
assessed after three months of treatment, with com-
plete and partial recanalization observed in 60% and
40% of participants, respectively. According to va-
rious studies, because of their decreased risk of bleeding,
new oral anticoagulants (NOACs) such as Rivaroxa-
ban have been introduced as alternatives to traditional
vitamin-K antagonists for the long-term management
of thrombotic events [21].

However, there is insufficient data to support safety
and effectiveness of Rivaroxaban in treating cerebral
venous thrombosis (CVT). A study aimed to compare
the effectiveness and bleeding risk of Rivaroxaban to
Warfarin in treating CVT. Thirty-six individuals with
a diagnosis of CVT participated. Patients were monito-
red for a minimum of 12 months after admission, du-
ring which clinical and baseline data were evaluated.
The modified Rankin scale (mRS), major or mild
bleeding, and indications of recanalization on contrast-
enhanced magnetic resonance venography (MRV)
were used as outcome measures. Patients were divided
into two groups according to the type of oral anti-
coagulant (Rivaroxaban vs. Warfarin). The groups
were compared in terms of final outcomes and side
effects. Thirteen patients received Warfarin and 23
received Rivaroxaban. An optimal mRS score (0-1)
was achieved in 9 out of 10(90%) of patients treated
with Rivaroxaban, and 19 out of 22(86.36%) of pa-
tients treated with Warfarin. MRV showed complete
or partial recanalization in 12 of 14 (85.71%) patients
treated with Rivaroxaban, and in all patients in the
Warfarin group. There was no significant difference
between the two groups in terms of major and minor
bleeding. This study concludes that rivaroxaban shows
promise in the management of CVT.

SECRET is investigating the safety of rivaroxaban
versus standard care for the treatment of symptomatic
cerebral venous thrombosis initiated within 14 days of
diagnosis. SECRET is an open-label, randomized, con-
trolled Phase Il study that will evaluate the safety of
Rivaroxaban, a non-vitamin K antagonist oral anti-
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coagulant (NOAC), compared to the standard of care
(unfractionated or low-molecular-weight heparin with
a transition to Warfarin [INR 2.0-3.0], or continuous
low molecular weight heparin) for cerebral venous
thrombosis. Patient recruitment is at 17 stroke research
centers across Canada over 3 years. During the pilot
phase, 50 adult patients within 14 days of diagnosis of
symptomatic cerebral venous thrombosis will be ran-
domized to receive Rivaroxaban 20 mg daily versus
the standard approach (Warfarin or low molecular weight
heparin). Patients will be followed up for one year.
The feasibility of recruitment will be tested during the
pilot phase, and the results will be refined for future
Phase 1l testing. Two case reports of patients with
CVT, treated with Rivaroxaban, have been published [22].
Rivaroxaban is a direct factor Xa inhibitor approved
for venous thromboembolism and non-valvular atrial
fibrillation. It is a drug that is taken once a day and
does not require INR monitoring. A study presents
results obtained from two CVT patients who elected to
undergo anticoagulation with Rivaroxaban instead of
Warfarin. One patient, a 39-year-old lawyer and smo-
ker, experienced sigmoid sinus thrombosis on the left
side after taking oral contraceptives for a year (MRV).
The second patient, who was a thirty-two years old
employee, reported having a headache that felt like
lightning. MRV revealed internal jugular vein, right la-
teral sinus, and sigmoid sinus thrombosis. Hypercoagu-
lable states of both individuals were examined and
found to be normal. After three months of taking Riva-
roxaban, partial to total recanalization of the left lateral
sinus occurred in the second patient's MRV follow-up,
while the right lateral and sigmoid sinuses were par-
tially to completely recanalized. They did not report
any bleeding complications. After three to four months,
Rivaroxaban was discontinued in both situations. Du-
ring the 6- and 12-month follow-up, there was no re-
currence.

In a brief series, Geisblsch et al. reported on the use of
Rivaroxaban in CVT. Seven of sixteen individuals with
CVT received Rivaroxaban treatment. At a mean fo-
llow-up of eight months, all patients exhibited at least
partial recanalization without significant internal bleeding.
When used as an anticoagulant strategy, Rivaroxaban
may be beneficial for people with benign or simple
CVT who do not require long-term anticoagulation [23].

Management of seizures in CSVT

Numerous inconsistent data exist with regard to seizu-
res in cases of cerebral venous sinus thrombosis (CVST).
An analysis of all papers and data regarding this
medical condition during the period of 1966 to 2016
was conducted. After examining 63 articles, seizures
were categorized as post-CVT Seizures (PCE), which
occurred after 14 days, and acute symptomatic seizu-
res (ASS), which occurred during the first 14 days.

Patients with loss of consciousness, focal neurological
impairments, supratentorial lesions, and thrombosis in
the cortical veins, rectus sinus, and superior sagittal
sinus were frequently affected by ASS. PCE was
predisposed by the occurrence of ASS, motor deficits,
and supratentorial lesions, especially hemorrhage. Most
experts believe that primary prophylaxis with antiepi-
leptic drugs in the acute phase is not indicated. Ho-
wever, initiation of prophylaxis after the first attack
should be recommended in patients with supratentorial
lesions or focal neurologic deficits. The quality of the
current evidence is low, and most conclusions are
based on expert opinion. More accurate reports of
seizure semiology, detailed antiepileptic treatment
plans, and outcomes are necessary to answer existing
questions. Acute symptomatic seizures occur in about
35-50% of all patients, with a higher incidence (76%)
in peripartum CVST [24-27].

In some studies, only 61% of seizures were focal, with
or without secondary generalization [28-30]. In 2004,
Masuhr et al. described Todd's paresis following CVST-
induced seizures and introduced it as an indication of
CVST, particularly if the paresis becomes bilateral
[31]. In a follow-up study in 2006, Todd's palsy was
reported in 54.7% of patients after ASD [32].

On the other hand, a higher frequency of generalized
seizures was reported in some trials [33-35]. As stated
by Price et al., there is no well-designed randomized
controlled trial regarding primary or secondary seizure
prevention in CVST, and there is also no solid eviden-
ce to demonstrate the efficacy of prophylactic use of
ASMs for seizure prevention [36].

Therefore, decision-making regarding the timing, type,
dose, and duration of antiepileptic treatment in patients
with CVST s often individualized. The results of a
study by Coutinho et al. showed that 8% of experts
initiated prophylactic ASM in all patients, 21% prescri-
bed prophylactic therapy only in patients with focal
cerebral lesions, and the rest (71% did not recommend
prophylaxis (p<0.001) [37].

Despite the lack of sufficient data, the AHA/ASA
guidelines suggest that in patients with CVST and no
supratentorial lesion or focal neurologic deficits who
experience a seizure, early initiation of an ASM for a
period to prevent further seizures is probably reco-
mmended [7].

However, there are no suggestions made for these
patients in the ESO/EAN guidelines. There are fewer
proponents of starting antiepileptic medication just in
individuals who have had recurring seizures during the
acute period [38].

In addition, there is no consensus on the duration of
treatment. As PCE is more common in patients with
ASS and usually occurs within the first 6-12 months
after the acute phase, ASM treatment for one year is
recommended in patients with ASS and previously
indicated risk factors [39-44]. Nevertheless, in patients
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without these risk factors who have received ASM,
tapering ASMs after the acute phase seems reasonable
[45].

For these individuals, a period of about three months
may be contemplated [46]. However, it is advised to
continue antiepileptic medication for an additional one
to two years or more if seizures occur during or after
tapering [47].

It is interesting that the ESO/EAN guidelines state that
no recommendations for PCE prevention can be offe-
red at this time because therapy with ASMs during the
acute phase has no function in preventing PCE [48].
Initially, our patient was started on Carbamazepine.
Nevertheless, we chose to keep her on the medication
as a prophylactic measure in order to prevent further
seizures. As stated in the medication directions, Carba-
mazepine and Rivaroxaban taken together can cause
an interaction in the liver. Potent substrates of Pgp/
BCRP efflux transporters and cytochrome P450 (CYP)
enzymes include RIV. In the meantime, CBZ is well
recognized for being a potent inducer of several
transporters and enzymes. Therefore, it is anticipated
that CBZ and RIV will have a drug-drug interaction
(DDI). When given in combination with RIV in
humans (900 mg/day of CBZ and 20 mg/day of RIV),
CBZ is anticipated that CBZ will greatly reduce RIV
exposure. Following the first dose, it drops correspon-
dingly by 52.3% and 68.5% in AUC inf. and 41.0%
and 49.8% in Cmax at steady state. In order to ascer-
tain the success or failure of extrapolating PK para-
meters from rats to humans, the extrapolated parame-
ters were compared to empirically observed clinical
values. When the projected human PK parameters
(AUC inf and C max) were doubled from the experi-
mental values, the extrapolation was deemed success-
ful. Other values were deemed ineffective [49-52].
These outcomes are consistent with those achieved
through the use of the PBPK model-based methodo-
logy. In order to fully understand the safety and effects
of RIV and CBZ, human DDI studies are necessary [53].
In one study, 28 individuals were prescribed anticon-
vulsant medication, with six on Valproate, six on Le-
vetiracetam, one on Carbamazepine, and one on Phe-
nobarbital, and there were no significant differences in
their levels of effectiveness, with the exception of one
patient who was prescribed additional ASM during
follow-up due to seizures occurring later in the course
of observation. Typically, treatment is initiated during
hospitalization [54].

Additionally, we found a case study in the literature
about a 55-year-old man who underwent 12 years of
treatment with Carbamazepine, Sodium valproate, and
Phenobarbital. He experienced neurological symptoms,
including a severe headache, nausea, momentary dip-
lopia, minor cognitive impairment, and postural tre-
mor. An empty delta sign and uneven contrast agent
pooling around the superior sagittal sinus were visible

on the contrast-enhanced CT scan of the head. A head
MRI revealed that there was no lack of flow in the
superior sagittal sinus. However, cerebral angiography
revealed well-developed collateral channels and partial
blockage of the superior sagittal sinus. The patient was
diagnosed with superior sagittal sinus thrombosis and
started on anticoagulant and antiplatelet therapy. The
patient lacked any additional risk factors. However, he
did receive treatment with anticonvulsants, such as
Carbamazepine, which was linked to lower extremity
venous thrombosis. Thus, there is a possibility of a co-
rrelation between long-term Carbamazepine medica-
tion and thrombosis of the superior sagittal sinus. This
is the first case report of anticonvulsant-associated ce-
rebral venous thrombosis. It implies that a risk factor
for cerebral venous thrombosis could be a long-term
treatment with Carbamazepine [55].

Conclusion

The clinical results and the rate of recanalization in our
patient treated with Rivaroxaban validate the medica-
tion efficacy and attenuated adverse effects compared
to conventional anticoagulants. During concurrent use
of Rivaroxaban and Carbamazepine, our patient did
not experience any additional thrombotic events. Ho-
wever, there was a minor side effect of increased
menstrual bleeding. The results of the treatment are
satisfactory compared to those of Warfarin. Therefore,
when compared to traditional medications, Rivaroxa-
ban may be regarded as a safe alternative for the
treatment of CVST with good outcomes in terms of
clinical improvement. In our opinion, large prospec-
tive randomized controlled trials are necessary to
assess and validate the safety and suitability of Rivaro-
xaban for the treatment of CVT. In terms of seizure
management, our patient is taking Carbamazepine, and
during the 2.5-year follow-up, there have been no
reports of seizures, thromboembolic events (such as
recurrence of CVST), or any additional clinical dec-
line. A comprehensive evaluation of the literature indi-
cates that the necessity of antiseizure medication
treatment is debatable, and no reliable randomized
clinical trials exist.
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Case report
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Abstract

Introduction. Tuberous sclerosis complex (TSC) is a
rare genetic disease with an autosomal dominant inheri-
tance. TSC is caused by genetic mutations on either
TSC1 or TSC2 gene. The TSC1 and TSC2 genes regu-
late cell growth in the body by suppressing a group of
proteins, one of which is called mechanistic target of
rapamycin, or mTOR. These proteins are expressed in
many different organs of the body, which is why mul-
tiple organ systems are often affected by TSC.

Case presentation. We present a case of a two-year-
old girl, with prenatal diagnosed olygohydramnios and
multiple cardiac tumors suspected for cardiac rhabdo-
myomas. After birth, molecular genetic tests revealed
likely pathogenic variant of the TSC 1 gene, inherited
from her father and confirmed the diagnosis of tube-
rous sclerosis. Postnatal transthoracic echocardiogram
confirmed the presence of multiple cardiac tumors. At
the age of eight months, the first afebrile partial seizure
with EEG changes was manifested, and treatment with
AEDs was started. Last brain MRI revealed presence
of multiple subcortical and cortical tubers. Based on
brain MRI, clinical features and intractable epilepsy,
we are planning to include Everolimus (mTOR inhibi-
tor) in the therapy.

Conclusion. Prenatal diagnosis is important for timely
detection and recognition of TSC, as well as early
initiation of therapy with mTOR inhibitors in order to
improve the life of affected children.

Keywords: tuberous sclerosis, mTOR inhibitors,
rhabdomyomas, epilepsy
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Arncrpakr

Bosen. Kommnekcor Ha TyOepo3Ha ckieposa (TCK) e
PETKO I€HETCKO 3a00JyBamke CO aBTOCOMHO JOMHHAH-
TeH HaunmH Ha HacnexyBame. TCK e mpeam3BukaH of
redercku Mytanuu wid Ha TSC1 mmm TSC2 reHor.
I'eaure TSC1 u TSC2 ro perynupaat pacToT Ha KJI€T-
KHTE BO TEJIOTO CO CYIIPECHja Ha TPyIa MPOTEHHH, O]
KOHM €IIcH ce HapeKyBa ILle Ha aKTHBHOCTA Ha parma-
muuH i MTOP. OBue mpoTenHH ce M3Pa3eHU BO
MHOT'Y pa3JIMYHH OpPTaHH Ha TEJIOTO, OPaIH IITO II0-
BEKe OpPraHCKHU cucTeMu decTo ce 3acerHatu ox TCK.
Ipe3entanmja Ha cayuaj. [IpesenTupame ciyuaj Ha
JBETOJUIIHO JKEHCKO JETe,CO MPEHATalHO IHjarHOC-
TUIMPAH OJMTOXUIPOAMHUOH M MYJITHITHH Kap.HjajTHA
TYMOpH CyCIIeKTHH 3a pabmomuomu. Ilocne parame,
MOJICKYJIAPHUTE TEHETCKH TECTOBH OTKPHja MATOreHa
BapujanTa Ha TSC 1 reHoT, HacleneHa o HEj3MHUOT
TaTKO U ja MOTBpIHWja AujarHo3ara TyOepo3Ha CKiepo-
3a. IlocTHatanmHata exokpaguorpaduja ro MOTBPAU
MPHUCYCTBOTO HAa MYITHIIHUTE CpLEBH Tymopu. Ha
OCyM MeceYHa BO3pPacT, MaHH(eCTHpalle mpBa aTaka
Ha aeOpUIHN KOHBYJI3HM CO MPUCYTHH HPOMEHH BO
EEI, mopanu mrto ce 3amo4yHa CO aHTHUEMICITHYHA
tepanyja. [locnmeaanor peanusupan MPU Ha Mo30k
OTKpPH MPUCYCTBO Ha MYITHIIHU CYOKOPTHKAIHU U
KOPTHKaJIHMU TyOepu. basupajku ce Ha mpoMeHHUTE Ha
MmocJeJHaTa MarHeTHa PE30HaHIa Ha MO30KOT, KJIH-
HUYKHUTC MaHI/I(beCTaHI/II/I N pE3UCTCHTHATa CIUJICIICU-
ja, Bo Iu1aH € BKiIyuyBame Ha EBeponumyc (MTOP uH-
XHOUTOpP) BO Tepammjata.

3akay4ok. [IpeHarannara qujarHo3a € 0coOCHO 3Ha-
YajHa 32 HaBPEMEHO OTKPHBAKE W IMPETNO3HABakE Ha
TCK, kako U 3a paHO 3alOYHYBAaWkE CO Tepaimudja co
MTOP uHXHOHUTOp, CO LIEN 1A ce TOA0OPH KBAIUTETOT
Ha J)KMBOT Ha a)eKTHpaHUTE JIelia.

Kayunn 360poBu: Ty6eposHa ckieposa; MTOP
UHXUONUTOPHU; pabJOMHOMH; CIIUIICTICH]a;
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Introduction

Tuberous sclerosis (TS) was initially described appro-
ximately 150 years ago by von Recklinghausen in 1862
[1]; then in 1880, Bourneville coined the term “sclerose
tubereuse” based on the pathological features of the
sclerotic tubers found in the postmortem investigation
of patients with epilepsy and mental retardation [2].
TS is a rare genetic disorder of autosomal-dominant
inheritance with a prevalence ranging from one in
6,000 to one in 12,000. Both sexes and all ethnic
groups can be affected. It is a multisystem disorder
involving the brain, skin, heart, kidneys, eyes, lungs,
and liver, which manifests only in late childhood [3].
The two gene loci that code for TSC are TSC1, located
on chromosome 9qg34, and TSC2 on 16pl13.3 [4].
TSC1 encodes TSC1 (hamartin), a 140-kD protein
with no homology to TSC2. TSC2 encodes TSC2 (tu-
berin), a 200-kD protein with a GAP domain near the
carboxy terminal. TSC1 and TSC2 are coexpressed in
cells within multiple organs, including the kidney,
brain, lung, and pancreas. TSC2 has been demonstra-
ted to be localized in the Golgi apparatus and the nuc-
leus, and TSC1 in the centrosome. The TSC1-TSC2
complex interacts with several proteins. One of the
first mechanistic clues to the roles that TSC1 and
TSC2 have in cell function was the finding that
mutations in the drosophila Tscl and Tsc2 homolo-
gues increased cell and organ size. In normal cells,
direct phosphorylation and inactivation of TSC2 by
protein kinase B (AKT) leads to mTOR activation. In

Table 1. Diagnostic criteria for tuberous sclerosis complex, 2012

a serine-threonine kinase, mTOR has a central role in
the control of cell growth and proliferation through the
regulation of ribosome biosynthesis and protein trans-
lation. Rheb (RAS-homologue expressed in brain), a
member of the RAS superfamily, is a specific GTPase
downstream of TSC2 that functionally links the TSC1-
TSC2 complex to the mTOR pathway [5]. Antagonism
of the mTOR pathway with rapamycin and related
compounds may provide new therapeutic options for
TSC patients [6].

TSC can be diagnosed by the presence of clinical
criteria and by genetic testing. Two major features or 1
major and 2 minor features are needed for a definite
clinical diagnosis (Table 1) [7]. One of the major goals
of the conference was to revisit the clinical diagnostic
criteria published subsequent to the first International
TSC Consensus Conference in 1998. Since 1998, one
additional manuscript regarding the diagnostic criteria
has been published that was designed to provide more
guidance to practitioners by including pictures of the
major and minor findings. At the 2012 meeting, the
most significant change recommended to the diagnos-
tic criteria was the incorporation of genetic testing.
The recommendation of the Genetics Panel was to
make identification of a pathogenic mutation in TSC1
or TSC2 an independent diagnostic criterion, sufficient
for the diagnosis or prediction of TSC regardless of the
clinical findings [1].

Possible diagnosis: Either one major feature or > 2
minor features [1].

Genetic diagnostic criteria

Pathologic mutation in TSC1 or TSC 2 gene

10% to 25% of TSC patients have no mutation identified by conventional genetic
testing, and a normal result does not exclude TSC, or have any effect on the use
of clinical diagnostic criteria to diagnose TSC.

Major diagnostic criteria

Hypomelanotic macules (> 3, at least 5 mm diameter)

Angiofibromas (>3) or fibrous cephalic plaque
Ungual fibromas (> 2)

Shagreen patch

Multiple renal hamartomas

Cortical dysplasias (>3) includes tubers and white matter radial migration lines
Subependymal nodules (> 2)

Subependymal giant cell astrocytoma

Cardiac rhabdomyoma

Lymphangioleiomyomatosis (LAM)

Angiomyolipomas

(AMLs) (>2)
Minor diagnostic criteria

Confetti skin lesions

Dental enamel pits (> 3)
Intraoral fibromas (> 2)
Retinal achromatic patch

Multiple renal cysts

Nonrenal hamartomas

Case report

We present the case of a two-year-old girl, from first
regular and properly monitored pregnancy. At 36 weeks

of gestation, olygohydramnios and multiple cardiac tu-
mors suspected for cardiac rhabdomyomas were diag-
nosed by ultrasonography. The baby was delivered at
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37+6 gestational week, by caesarean section, with birth
weight 2530g, birth length 44 cm and Apgar score 6/8.
After birth, an ultrasonographic examination of the
heart, kidneys and brain was performed and a genetic
analysis for tuberous sclerosis was sent to the Mace-
donian Academy of Sciences and Arts.

The ultrasonographic examination of the brain and
urogenital tract showed normal finding, but the perfor-
med transthoracic echocardiogram of the heart showed
the presence of many tumorous formations in the right
atrium, left and right ventricles. The largest tumorous
formation was with dimensions of 1.2x0.6 cm and
located in the left ventricle without cardiac inflow or
outflow obstruction.

The child has been hospitalized several times at the
University Clinic for Pediatric Diseases; for the first
time at the age of 4 months, due to high fever, bron-
chial obstruction and first attack of febrile convul-
sions. The implemented PCR test for SARS Cov 2 in
the mother and child was positive.

At the age of 4.5 months, the realized ultrasonographic
examination of the brain showed hypertrophy of ple-
xes and physical examination showed the presence of

a small growth of skin in the area of the left mammi-
llary region.

Molecular genetic tests revealed likely pathogenic va-
riant ¢.1734_1738delinsT (p.11e580SerfsTer48) in the
exon 15 of the TSC 1 gene, inherited from her father.
This variant ¢.1734_1738delinsT (p.lle580SerfsTer48)
in TSC1 gene has not been previously described in the
literature. According to the criteria of the American
College of Medical Genetics (ACMG) is interpreted as
a likely pathogenic.

At the age of 8 months, a short-term convulsive attack
occurred again, with shaking of the upper right limb
and stiffness of the jaw. On physical examination, a
nevus was noted in the posterior cervical region. Initial
electroencephalogram (EEG) (Figure 1) revealed bihe-
mispheral epileptiform discharges with dominant left-
sided foci and a tendency for generalization. During
the hospital stay, antiepileptic therapy was started with
Vigabatrin. At follow-up examination, one month after
hospitalization, she was still having short-term seizures.
That's why we added another antiepileptic drug (Leve-
tiracetam) in the therapy. In the following period, she
still had short-term seizures and Rufinamide was in-
cluded in the therapy.

tendency for generalization

At the age of 10 months, abdominal MRI and MRI of
the brain were performed and revealed no abnormalities,
except for the finding of a small arachnoid cyst on the
left temporally with a proportion of about 8 mm.

The echocardiogram of the heart showed that some of
the tumorous formations were completely missing, so-
me reduced and visualized in the right ventricle towards
the top and one on the back wall of the left atrium.

A control examination at the age of 13 months showed

Fig. 1. Bihemispheral epileptiform discharges with dominant left-sided foci and a

that the child reacted to sound and light, began to sit
and developed fine motor skills. The therapy with Vi-
gabatrin tablets, Levetiracetam and omega fatty acids
was continued.

After 6 months of observation, the child still had
seizures, and the control EEG showed diffuse cerebral
dysfunction (Figure 2). Therefore, the therapy conti-
nued with Vigabatrin and Carbamazepine. After few
months the patient was seizure-free.
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The control magnetic resonance imaging (Figure 3) of
the brain showed bilaterally diffuse corticosubcortical
hyperdensities in the white matter of T2 and the flair
sequences that went in favor of cortico subcortical
tubers, without diffusion restriction.

After 6 months of observation, multidisciplinary
treated and seizure-free, she was hospitalized again
because of destabilization in terms of attacks and
short-term seizures which resolved spontaneously. The
follow-up EEG (Figure 4) showed basic brain activity,
present alpha rhythm with dominant left-sided foci.
The therapy with two ASDs was continued, but
seizures still persisted. Considering the condition of
the child, it is planned to start therapy with Everolimus
(mTOR inhibitor) as a next step to manage the disease.

Discussion

Cardiac rhabdomyomas are benign tumors of the heart
that are rarely observed in non-TSC-affected indivi-
duals.These lesions usually do not cause serious me-
dical problems, but they are highly specific to TSC
and often the first noted manifestation of the disease,
and therefore remain a major feature [1]. Rhabdomyomas
can be detected in 20 to 30 weeks’ prenatal ultrasound
[8]. In our case, rhabdomyomas were detected in 36
weeks of gestation. They are most frequently located
in the ventricles, where they can compromise ventri-
cular functionand on occasion interfere with valve
function or result in outflow obstruction. These tumors
are frequently observed in TSC-affected individuals
during fetal life, but after birth they often regress and
in some individuals may no longer be detectable by
echocardiographic examination. The prenatal presence
of a cardiac rhabdomyoma is associated with a 75-80%
risk of TSC, with multiple rhabdomyomas conveying
an even higher risk [1]. After birth, genetic tests that
were performed on our patient proved the presence of
a pathogenic variant inherited from her father. At the
beginning, only the presence of cardiac rhabdomyo-
mas was proven, but then in infancy she manifested
epileptic seizures, which were reststent of antiepileptic
monotherapy. Epilepsy is one of the most common
manifestations of TSC, associated with significant
morbidity and mortality and, as such, the management
of seizures is an important treatment goal. Treatment is
particularly challenging because seizures are generally
refractory to standard anti-seizure drugs (ASDs). TSC
is a common cause of West syndrome, an epileptic
syndrome characterised by IS (infantile spasms), hyp-
sarrhythmia in an electroencephalogram (EEG) and
developmental delay that generally presents in the first
year of life. In the European Union (EU), vigabatrin
(VGB) is indicated as monotherapy for infantile spasms,
and in combination with other ASDs for patients with
refractory focal epilepsy, with no age specifications
[9]. Because of that, to control the seizures in our

patient we added another antiepileptic drug. Medical
problems related to the brain result in the greatest mor-
bidity and mortality in TSC, and hence, three panels at
the 2012 Consensus Conference devoted their efforts
to central nervous system-related findings of TSC. The
panels were: (3) brain structure, tubers, and tumors;
(4) epilepsy; and (5) TSC-associated neuropsychiatric
disorders [1]. The control magnetic resonance imaging
of the brain showed bilaterally diffuse cortico-subcortical
tubers. TSC is caused by a mutation in either the TSC1
or the TSC2 gene, the loss of which triggers constitu-
tive activation of the mTOR signaling pathway, leading
to an abnormal cell growth/proliferation and the sub-
sequent formation of hamartomatous lesions. The dis-
covery of the relationship between TSC1/TSC2 and
MTOR has resulted in important clinical advances in
the use of mTOR inhibitors, particularly sirolimus and
its analog everolimus, for the treatment of several TSC
manifestations [10]. Few months before brain changes,
our patient was seizures-free, taking the regular pres-
cribed antiepileptic therapy (combination of two ASDs).
After that, she was manifested short-term seizures, re-
fractory to prescribed anti-seizure drugs which resol-
ved spontaneously. Treatment with everolimus, a mTOR
inhibitor, has been shown to be of great benefit to TSC
patients, both in reducing tumor growth and as a
treatment for intractable epilepsy. Everolimus works
as an antiseizure medication or antiepileptogenic
agent, or as both. Up to 40% of TSC patients with
intractable epilepsy show a clinically relevant seizure
response to everolimus. If epilepsy is mainly the result
of the focal cortical dysplasia that formed during the
prenatal phase of neuronal migration and differen-
tiation, then it may be that the epileptogenic process
has already started prenatally, and epilepsy may be
inevitable. In TSC patients, the epileptic focus is often
associated with a tuber and removal of such a tuber
and the perituberal tissue by epilepsy surgery has a
high chance of inducing seizure remission. This may
support the hypothesis that the cortical dysplasia is
central in epileptogenesis. This was highly significant
and led to the registration of everolimus in the treat-
ment of intractable epilepsy in patients with TSC aged
2 years and older [11]. After all procedures, changes in
control MRI and intractable epilepsy, in the following
period, we are planning to start with everolimus in the
therapy to control the seizures and to improve the
quality of our patient’s life.

Conclusion

TSC is one of the neurocutaneous syndromes, charac-
terized by an autosomal dominant mode of inheritance,
which means there is no curative treatment of this di-
sease. It affects many organ systems.

Prenatal diagnosis is one of the most important factors
in early diagnosis of TSC. Timely diagnosis of TSC
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before seizure onset is feasible and it is becoming pi-
votal for epilepsy management and improvement of
cognitive outcome. After the diagnosis is confirmed,
genetic counseling is recommended.

Multidisciplinary approach and earlier use of mTOR
inhibitor may improve the quality of patients’ life. The
prognosis is individual.

In conclusion, tuberous sclerosis is a lifelong condition
that requires careful monitoring and follow-up because
many symptoms may take years to develop.

Conflict of interest statement. None declared.
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YIIATCTBO 3A ITIPNJABA HA TPY 1 O COPABOTHULINTE HA MMII

"Maxkenonckn MepmiuHcku npernen'(MMII) e crpyuyHo crnucanume Ha MaKegOHCKOTO
JIEKApCKO J[IPYLITBO, IPBEHCTBEHO HAMEHETO Ha JIEKapuTe Off OIIITa IpaKTHUKa,
CIIELIAjaJIUCTUTE Off OfICITHUTE MENUIHCKY TUCUUIITIMHYA U KCTPaKyBauuTe BO o0nacra Ha
0a3WYHUTE MEJULMHCKY U IPYTH CPOJHH HAYKH.

CrmcaHueTo I UMa CJIeIHUBE PyOPUKY U KATErOpUM HA TPY/IOBU:

N3BopHn TpynoBH

CoomuryBama 3a KITMHUYKH 1 JIA00PATOPHCKH HCKYCTBA

IIpuka3n Ha ciyyan

On npakTHKa 3a NpakTHKa

EnykaTnsan cTatun

Bapnae (nucma og, pepakumjata, onwTtecTeeHa XpOHUKa, IPUKa3u Ha KHUTU, U3BELITal
OJl KOHI'pecH, CUMIIO3UYMH U APYTH CTPY4YHU coOupu, pyOpukara ,.Bo cekaBame,, u

np).

AU A WN =

W3BopHuTe TpymoBM uMaaT Oene3d Ha HayyHU TPYAOBH, [Of€Ka TPYAOBUTE
KaTeropusupaHu Bo pyOpukute 2-5 umaat Oelie3n Ha CTPYYHH TPYJOBHU.

Bo MMII ce o6jaByBaaT TpyaoBu Ha ujeHoBuTe Ha MJIJ] wim Ha 4WIeHOBM HA APYrU
CTPYYHH 37Ipy>kKeHHuja. ABTOPHUTE Ce OATOBOPHU 3a MOUYUTYBAKHETO HA €TUUKHUTE Hauesia
NpA MENMIMHCKUTE HMCTPa’KyBama, a M3HECEHUTE CTAaBOBM, M3BEICHU Off aHajIu3aTa Ha
COTICTBEHUTE Pe3yJITaTH, He Ce HY>KHO U cTaBoBM Ha Pepgakiujata na MMIT.

PenaknujaTa i mcmpaka pakoNUCHTE HA CTPyYHAa peleH3Wja; pPEeleH3eHTOT (uTe) |
Penakiujata ja ompenenyBaaT fepMHUTMBHATA KaTeropui3anyja Ha PaKOMUCOT KOj €
npudareH 3a nevyarewe. Pefakuujara ro 3ap>KyBa IpaBOTO PaKOMMCUTE J1a TM NEYaTH
CIOpe]] peleH3UPAHUOT IPUOPUTET.

YmnarcrBoTo 3a copaboTHunutTe Ha MMII e Bo corsmacHocT co BankyBepckuTe npasuiia 3a
u3elHavYeHn Oapama 32 paKOMUCHTe KOU ce pakaaT 10 OMOMEIUIIMHCKUTE CITUCaHMja.

1. TEKCT HA PAKOIIICOT

Cute pakomucu ce UcmpakaaT BO €JeKTpOHCKa (popMa Ha elleKTpOHCKaTa ajpeca (e-
mamn) Ha MJIJI-MMII, co nBoeH mpopen u HajMHOTY 28 pefjoBH Ha cTpaHuna. TpynoT ce
NOJHECYBa HAa aHIUCKHU ja3suK JjatuHudeH (oHT Tumec Hew Poman ronemmua 12 un
afncTpaKT Ha MaKEeJOHCKU ja3uk. JIeBo, rope u 1oy Tpeba fa ce ocTaBy clI1000Ha MapriuHa
ofl HajManKy 3 cM, a JaecHo of 2,5 cM.. PegHuor O6poj Ha CTpaHUIUTE Ce THIIyBa BO
JIECHUOT FOPEH aroJl.

Pakomnucor Ha TpyoT Tpeba fa e NpUAPYKEH co MUCMO Ha IPBHOT aBTOP, CO U3jaBa ieKa
UCTHOT TEKCT HEe € BeKe 00jaBeH WU IOfHeceH/NpuaTeH 3a INedaTeme BO APYro
CIIMCaHWE WM CTPy4YHa NyOJuKanuja M cO IHOTBpAa JIeKa paKONHMCOT € MperjiefaH 1
Oof0OpeH Ofi CHTE€ KOaBTOPH, OJHOCHO CO TpHUApYKHA JeKjlapalyja 3a €BEeHTyaJeH
KOH(JIUKT Ha HHTEPECH CO HEKO] Of aBTOPUTE.

HacnoBnara crpana Tpe0a ja MMa: HAacJOB HAa MAaKEOHCKM M AHTIIMCKH, MUMUIA U
Npe3rMUba Ha aBTOPUTE, KAaKO W WHCTHTYIMUTE Ha KOW WM TNpHIaraaT, AMUEbaTa Ha
aBTOpUTE W HACIOBOT HAa YyCTaHOBaTa Ce MOBP3yBaaT CO apancku OpOjKH; aBTOp 3a
KOpECIOH/IeMja cO cuTe fleTanu (Tell. e-Mani); KaTeropyja Ha TPYAOT; KpaTOK HacJoB (10
65 KapaKTepH 3aelHO CO MPa3HUOT MPOCTOP); KaKo W MH(poOpMalmja 3a MPUAOHECOT 3a
TPYIOT Ha CeKOj KoaBTOp (Wjaeja, AW3ajH, cOOMpame Ha MONATONW, CTaTHCTHCTHYKA
00paboTKa, MUIITyBamke Ha TPYOT).



HacnoBor Tpe6a KOHIIM3HO Jia ja U3pasm cofgp:KuHaTa Ha TpyAaoT. Ce mpenopauysa ja ce
n30ernyBa ynorpeba Ha KpaTeHKH BO HACJIOBOT.

W3BopHuTE TPYAOBH ¥ COONIITYBamkara IO HMMaaT CIEAHUOB (OpMaleH peocien:
HACIIOBHA CTpaHa, M3BAJIOK Ha MaKEIOHCKH ja3WK (BOBEN, METO/IM, PE3YJITATH, 3aKIyIOK)
CO KITy4HH 300pOBH, N3BaJIOK Ha MAaKEJOHCKH ja3WK CcO KIyIHU 300pOBH, BOBEJ], MATEPHjall
U METOJIM, PE3YJITaTH, JUCKYCHja M 3aKITyJOIH, TUTEpaTypa u npuio3u (Tadenu, rpacpuiu
U CJIUKH) ¥ JIETEH/IU 3a TIPUJIO3UTE BO efieH (hajil.

IIpuka3ure Ha ciyyaum Tpeba Jja compKaT BOBEJ, IeTaJeH MPUKa3 Ha CIy4ajoT, JUCKyCHja
CO 3aKJIYYOK M JIUTEepaTypa co MPUIO3H.

N3BagokoT HAa MaKeNOHCKH ja3umk TpeOa fma coppxku HajMHory 250 360poBu u ja Oupe
CTPYKTYPHpPAH CO CHTEe OUTHH YMHUTEIN U3HECEHN BO TPYHOT: BOBEJ CO IeJITa HA TPY/OT,
METOJOT, pe3yiaTaTd (CO HyMEpHUYKHM IOAATOLM) M 3aKIy4doUd. 3aeqHO CO M3BaJOKOT,
Tpeba Jla ce focTaBaT U 0 S5 KIIY4YHHU, UHEKCHU 300POBH.

N3BajoKoT HA AaHIVIMCKH ja3WK MOpa Jla € CO COAp3KMHA UJCHTHYHA CO COApKMHATa Ha
M3BaJIOKOT Ha MaKeIOHCKMW ja3uk. Kiryunmre 360poBM Tpeba ha ce BO COTJIACHOCT CO
MeCX (Menuman CubjenTt Xeaguare) mucrata Ha Magen Mepuiyc.

BosenoTt Tpeba fa mpeTcraByBa KpaTOK U jaceH NpHKa3 HAa UCIUTYBAHUOT NpoOIeM U
LeJUTe Ha MCTPAKYyBAaWkETO, CO HaBElAyBalke Ha EeTUYKHOT KOMHUTET OJHOCHO
MHCTUTYIHMjaTa Koja To Ofo0pmia WCIHTYBameTO (KIMHWYKA CTyAWja Koja ce paboTh
criopey| IPUHIMIKTE Ha XeJICHHIIKATA JieKJIapanyja 3a NalieHTUTe U HUBHUTE IpaBa).

Metogure TpeOa fa OMpaT TOYHO Ha3HAUYEHW, 3a Ja CE€ OBO3MOXHM NOBTOpPYBamE€ Ha
IPHUKaKaHOTO UCTpaxkyBamwe. OcOOEHO € BaXKHO Jla ce NMpelu3upaaT KpUTEPUyMHUTE 3a
celieKlldja Ha OICEpBHpAHUTE Clydyau, BOBEACHHTE MOfu(pUKaluM Ha BeKe MO3HATUTE
METOAM, KakKo M HAeHTU(pUKaluja Ha YHOTpeOEHUTE JIEKOBHU CHOpEN] M€HEPUYHOTO HME,
[O3UTE U HAUYMHOT HA aJMUHHUCTPALIH]A.

Pe3yaraTture Tpeba fma ce mpuKaxkaT jacHO, MO JIOTHYEH pepocief. Pesymratute ce
u3HecyBaaT Bo craHpapgaute CU epgunumm. Bo TekcroT Tpeba nma ce Ha3HauM
ONTUMAJTHOTO MECTO Kajile Ke ce BMETHAT TaOenuTe W WIyCTpaluuTe, 3a fia ce n30erHe
HEMOTPeOHOTO MOBTOPYBak¢ HA WM3HECEHUTE MOAATOIM. 3HAauajHOCTa Ha pe3yJITaTHUTE
Tpeba fa ce oOpabOTH CTATUCTHYKH, CO JIETAJEH OMUC HAa YHOTPEeOEHUTE CTATUCTUUKHU
METOJY Ha KPajoT Ha IENOT MeitioOU.

Juckycnjara Tpeba a ' UCTAaKHE MMIUTMKALUUTE Off JOOMEHUTE pe3ysTaTH, CIOPEAeHI
CO ITOCTOJHUTE CO3HAHMUja 3a HCIUTYBAHUOT IMPOOJIEM.

3akayyouure Tpeba ga He 6upat nogoiaru o 150 360poBH.
2. [IPH/IO3H

Kako mpunor-gokymMeHTalnuja Ha TPYJAOBUTE NPEJIOKEHM 3a IevyaTeme, MOXe Jia ce
mocTaBaat 1o S npuiora (Tadenu, PUrypu,/CIuKy - WIYCTPALFN ).



Tabenure ce jocTaByBaaT Ha KpajoT HA TPyAOT Bo uctuot aji. Cekoja Tabena Tpeda na
¥“Ma CBOj HACJIOB M pefieH Opoj KOj ja MoBp3yBa CO TEKCTOT. XOPU30HTAIHU U BEPTUKATHU
JMHAU Ha TabelaTa He ce JO3BOJIEHU; O3HAKUTE Ha KOJOHUTE BO TabejaTa ce MUIIyBaaT
CKpaTeHO Wiu co cuMOOJI, 2 HUBHOTO 00jacHyBame ce MUIllyBa Ha JIHOTO HA TabenaTa, BO
BUJI HA JIETEHJIA.

NaycrpanunTe ce focTaByBaaT coO pefieH OpOj Kako CIMKa BO IPHO-0eia TEeXHWKa, a
cekoja cnmka Tpeba fa e mpupykeHa co Jerensa (omuc).

Mukpogororpaunre Moxe ja comapkaT NMOCeOHM O3HAKM BO BHJI Ha CTPEJKH WM
cumbomu. [Tokpaj onmucoT Ha caukaTa, MOpa Jia ce HaBeJle W 3roJIEMYBAamhETO U BUJIOT Ha
060eHhETO Ha MpenapaTor (aKo Toa BeKe He € HalpaBeHO BO CeKIUjaTa mailiepujan u
metioou).

Cure o3naku Ha poTorpacduute Mopa fa OuAaT JOBOJHO rOJIEMH, 3a 1a MOXKE jacHO fia ce
pacnmo3HaaT W 1O CMajyBalkeTO BO TMEeYaTHUIATA, TPH HUBHOTO BKJIYYyBame BO
nevaTeHaTa CTpaHHIlA Ha CIIMCAHUETO.

3. JIHTEPATYPA

LuTupanaTta nuTeparypa ce NUIIyBa HAa KPajoT HA TPYAOT MO 3aKIyYOUUTE, CO PEIHU
OpoeBu cropey peflocieloT Ha M0jaByBakbeTO Ha IUTATOT Ha TEKCTOT HA TPYIOT CTAaBEHH
BO CpefHM 3arpagu u Oe3 mpocTop Mefy HUB (aKo ce mocienoBaTelHU Tpeba aa ce
TIOBP3aHH CO IPTHYKA, Ha np. 113-6K).

JlutepaTypara ce MTHpa Ha CIEIHUOB HAUMH (KPATCHKUTE 3a HACIOBUTE HA CIIMCAHHWjaTa
Tpeba f1a ce ciopep ucrara npugarenu Bo Mugen Mepuiyc):

a) cidawuja 6o cuucanue (ce HaBeyBaaT CUTE aBTOPH, aKO T'M UMa JI0 4 WU TIOMAJIKY;
aKo THM MMa MOBeKe Of 4 ce HaBe/lyBaaT NMPBUTE 3 aBTOPH | ce fnofasa: u cop.) Hernma JIT
Meagowc AT, Pooucon JII eii aa. Cenonp HeomnacMc adTep amyTe JSMIIXOOIACTHI]
neykemua uH uxunaaxoon. H Enrn J Mep 1991; 325:1330-6.

0) 3aeOHu4Ku asiuop

I'MBUO (MuTeppucummuinaaps rpoyn (op LaHNEp Iape eBalyaTHOH). PemyimHr
AMarHOCTUl] Jienas uH Opeact mnaHuep. [loccubne TxepaneyTul UMIIMLATAOHC. [laHuyep
1986; 58: 1756-61.

B) 0e3 asiop - aHOHUMHO. Bpeact cupeeHuHr: Hew eBujeHne. (Eouitiopuaan Jlanyeit
1984; u :1217-8).

r) llozaaesje 60 KHUzZa uau monozpaduja

Hbeunncrenn JI, Cwaprs MH. IlaTxorenun nponeptuec o MHBAAMHT MUIPOOPTraHUCMC.
Bo: Cogeman BbA Jp, Cogeman HBbA, Epn. IlaTxoreHun nxscHOJIOTS: MEIXaHUCMC O
muceace. [Ixunagennxua; b b Cayuuepc, 1974: 457-72.

[IpBuTe oTnevyaTony Ha TPYAOBUTE UM ce MpaKaaT Ha aBTOPUTE 3a KOPEKIUja: aBTOPUTE
ce JJOJIXKHU KOPUTMPAHUOT OTIEYaTOK Jia ¥ ro BpaTaT Ha Pepakuujata Ha MMII Bo pok off
2 meHa.

Ynnata 3a ucneuarteH Tpya, 8o cnucaHneto MMM usHecysa 3.000, 00 geHapu u ce ynnakaat Ha
YKUPO CMeTKaTa Ha: MaKeAOHCKO IeKapCKO APYLUTBO

300000000211884 'B KomepuujanHa 6aHKa

CO Le/l Ha A,03HaKa : ynaaTa 3a CTyyeH TpyA,



Anpecara Ha Pepaknujarta

Hame I'pyes Op. 3

I'papcku supg 6mok A,

1000 Ckorje,

Ten.: ++ 389 02 3162 577

Enekrponcka agpeca (E-mamn): mld@unet.com.mk

ABTOpMUTE WITO CaKaaT Aa 00jaByBaaT TPYAOBH BO cnucaHueTo Tpeba Aa ja Mmaat ynnateHo
yneHapuHaTa 3a TeKOBHaTa roguHa Bo BucuHa og, 1440 peHapu u 3a Toa ga ja uHpopmupaart
CTpyuHaTa cnyX6a Ha MaKef0HCKO NeKapcKo ApYLITBO, TMCMEHO MK NpeKky TenedoH.

Detanuu undpopmauum moxxerte ga gobuete Ha TenedoHot Ha ApywTteoTo 02 3 162 557.

N3BecTyBame 3a penensenture 3a MMII

Bo cKnap, co npaBuUAHUKOT Ha YKUM peueH3eHTUTe LUTO HaBPeMeHO U OAroBOPHO Ke ja
oapabotat peueHsujata Ke aobujat 0.4 60pa Kou ce cobupaaT 3a yHanpeayBarbe BO
aKagemckuTe 3Barba. bogoBuTe moxKar ga ce aobujat U perporpagHo npeky nobapysar.e BO
MAA - 3162 557.
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