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SUCCESSFUL APPLICATION OF ENDOVENOUS RADIOFREQUENCY ABLATION IN 

TREATMENT OF VARICOSE VEINS 
 

УСПЕШНА ПРИМЕНА НА ЕНДОВЕНОЗНАТА РАДИОФРЕКФЕНТНА АБЛАЦИЈА ВО 

ТРЕТМАНОТ НА ВАРИКОЗНИ ВЕНИ 
 

Andreja Arsovski1, Kire Jovanovski, Stefan Nikolov1 and Elena Mircheska Arsovska2 

 
1Clinical 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  

___________________________________________ 

 

Апстракт 

 

Вовед. Варикозните вени на долните екстремитети 

ги вклучуваат големата и малата сафенска вена како 

и нивните притоки помеѓу фасцијата и кожата. Ва-

рикозните вени се карактеризирани со субкутано 

дилатирани, тортуозни вени еднакви или поголеми 

од 3мм, вклучително сафенските вени со рефлукс 

на крв, нивните притоки или не-сафенски површин- 

ски вени на нозете како возраст и семејна историја 

се важни ризик фактори. Поради козметички аспект 
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и компликации со венска тромбоза, варикозните 

вени треба да се третираат.  

Методи. Во студијата се анализирани 1053 пациен-

ти третирани поради варикозни вени и варикози-

тети на долните екстремитети во пердиодот од 

ноември 2009г. до ноември 2023г. Се користеше 

ендовенозен, минимално-инвазивен пристап со ко-

ристење на ендовенозна ласерска аблација (EVLA) 

и ендовенозна радиофреквентна аблација (РФА).  

Резултати. Од вкупната бројка на пациенти кои 

беа третирани рецидиви се појавиле кај 3% (31 слу-

чаи) и тоа: 18 случаи поради присуство на акцесор-

на ВСМ, кај 7 лица поради постоење на инсуфуциен-

ција на сите 4 венски устија и можност за постоење 

недетектирани извори на рефлукс како и 6 лица 

поради неуспешност на РФА во третманот поради 

поголеми димензии на вената >2.1cm.  

 

Клучни зборови: варикозни вени, сафенски вени, 

рефлукс.  

___________________________________________ 

 

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 

 
 

 
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.  

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. 

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 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). 

 

 
        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). 

 

 
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). 

 
Fig. 6. V. saphena magna after RFA 

 

 
  Fig. 7. Pre-operative marking of distal varices 

 

 
  Fig 8. Local phlebectomy 
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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.  
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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  
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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  

___________________________________________ 

 

Апстракт 

 

Вовед. Реналното оштетување кај пациенти со мул-

типен миелом може да засегне 20% од пациентите 

во моментот на дијагностицирање и до 40-50% во 

текот на болеста. Кај новодијагностицираниот 

миелом, реналното оштетување може да има раз-

лична етиологија и фактори на ризик, или специ-

фични структурни ренални промени, дехидрација, 

хиперкалцемија, инфекција или употреба на несте-

роидни антиифламаторни лекови (НСАИЛ). 

Цели. Да се утврдат карактеристиките и преживу-

вањето на пациентите со бубрежно оштетување по-

врзано со миелом кај новодијагностициран мулти-

пен миелом (НДММ).  

Методи. Вклучени се ретроспективни податоци од 

медицински картони на пациенти хоспитализирани 

на Клиниката за нефрологија во периодот 2015-

2020 година, дијагностицирани како мултипен 

миелом. Беа споредени две групи пациенти. Па-

циентите со ренално оштетување и новодијагнос-

тициран мултипен миелом (НДММ) на Клиниката 

за нефрологија беа споредени со оние претходно 

дијагностицирани (ПДММ). Клиничките каракте-

ристики и преживувањето беа споредени помеѓу 

двете групи. 

Резултати. Вкупно 31 пациент беа вклучени во 

студијата. Средниот серумски креатинин при за-

почнување со хемодијализата беше 567 umol/l. Кај 

16% од пациентите, направена е ренална биопсија, 

со наоди за миеломска нефропатија (MCN), тубу-

лоинтерстицијални промени и амилоидоза. Чети-

риесет и два проценти од пациентите имаа подоб-

рување на бубрежната функција по 3 месеци. Про-

сечното време до смртта беше 18 месеци (опсег 0-
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96 месеци). Пациентите третирани со хемодијализа 

и хемотерапија имаа подобро преживување. Кај 16 

пациенти, дијагнозата на мултипен миелом е пос-

тавена на Клиниката за нефрологија. Новодијаг-

ностицираните пациенти со миелом и бубрежно 

оштетување имале пократко преживување, 6 на-

спроти 18 месеци кај пациенти кои биле претходно 

дијагностицирани и третирани (P=0,06).  

Заклучок. Реналното оштетување кај миелом е во 

согласност со присуството на активна болест и ви-

сок стадиум на болеста. Хемодијализата и хемоте-

рапијата го подобруваат преживувањето. НДММ 

со ренално оштетување има значително пократко 

преживување, така што дијагнозата на миелом 

треба да се воспостави  во фазата пред бубрежното 

оштетување. 

 

Клучни зборови: мултипен миелом, хронична 

бубрежна болест, преживување, хемотерапија, 

прогноза 

___________________________________________ 

 

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 

 

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 µmol/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 µmol/l, 

anemia as Hb <100 g/l and bone lesions as osteolytic 

or osteopenic changes in bones.7 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 III according to Durie-Salmon.  

Chemotherapy was started immediately after diagnosis.

  

 

 

 
Table 1. General characteristics of the group 
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Number/ 

percentage 

N=31 

Renal impairment 

in NDMM 

(Nephrology) 

N=16 

Renal impairment 

in PDMM 

(Hematology) 

N=15 

P 

General characteristics 

Mean age 
64.8±10.6  

(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 I 2 (6.45%) 0 2 (6.45%) 0.31 

Stage II 5 (16.1%) 2 (6.45%) 3 (9.68%)  

Stage III 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 

confirmed 
18 (58%) 10 (32.25%) 8 (25.8%) 0.34 

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%)  

Multimorbidity (>=2 

comorbidities) 
4 (12.9%) 2 (6.45%) 2 (6.45%) 0.9 

Renal impairment 

CKD EPI <10 ml/min on 

admission 
20 (64,5%) 8 (25.8%) 12 (38.7%) 0.2 

Anuria on admission 8 (25.8%) 6 (19.3%) 2 (6.45%) 0.038 

Signs of uremia on 

admission 
18 (58%) 9 (29%) 9 (29%) 0.83 

Median serum creatinine 

at start of hemodialysis 

(µmol/l) 

594.6 871 637 0.036 

Median serum creatinine 

at discharge (µmol/l) 
369.8 641 176 0.003 

Median serum creatinine 

after 3 months (µmol/l) 
254 180 320 0.003 

Treatment with 

hemodialysis 
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 

nephritis 

1 (3.2%) 1 (3.2%) 0  

Myeloma cast 

nephropathy 

3 (9.3%) 3 (9.3%) 0  

Myeloma kidney with 

amyloidosis 

1 (3.2%) 1 (3.2%) 0  
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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 µmol/l. 

Median serum creatinine at discharge was 369.8 

µmol/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/l (4.8 g/dU). Serum and urinary kappa/ 

Laboratory results 

Median proteinuria 

(g/l…g/dU) 

    

 1.74 g/l 

(range 0.17-6.9 

g/l) 

1.6 1.97 0.96 

 4.8 g/du 

(range 0.84-14 

g/dU) 

4.02 6,0 0.84 

Microscopic hematuria 11 (35.48%) 6 (19.35%) 5 (16.1%) 0.61 

Hb<100 21 (67,7%) 12 (38.7%) 9 (29%) 0.07 

Serum Ca>=2.6 mmol/l 8 (25.8%) 6 (19%) 2 (6.45%) 0.05 

Mean total protein 

g/l 
78±21.9 75.5 ±27.2 79.9 ±16.9 0.62 

Mean albumin/globulin 

ratio (AGR) 
1.06 ±0.55 1.14±0.62 0.98±0.5 0.48 

Number of patients with 

kappa/lambda ratio >1.65 
3 (9.68%) 2 (6.45%) 1 (3.2%) 0.67 

Treatment  

Chemotherapy      

CTD 9 (29%) 4 (12.4%) 5 (16.1%) 0.19 

Lenalidomid 1 (3.2%) 0 1 (3.2%)  

VTD 3 (9.68%) 2 (6.45%) 1 (3.2%)  

MPT 5 (16.1%) 2 (6.45%) 3 (9.68%)  

Bone marrow 

transplantation 
6 (19.3%) 2 (6.45%) 4 (12.9%) 0.048 

Outcome  

Reversible kidney disease 

(within 3 months) 
13 (41.9%) 5 (16.1%) 8 (25.8%) 0.2 

Survival longer than 12 

months 
18 (58%) 6 (19.3%) 12 (38.7%) 0.048 

Death 20 (64.5%) 8 (25.8%) 12 (38.7%) 0.2 

Median time to death 

(months) 

18 months 

(range 0-96 

months) 

5.8 24.7 0.024 
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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.  

 

 
Fig. 1. Overall survival in patients with RI 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.

  

 
                                        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 Sig. Exp(B) Lower Upper 

-1.393 .615 5.127 1 .024 .248 .074 .829 

1.402 .592 5.614 1 .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 III. 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 EuLite88 

[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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Апстракт  

 

Вовед. Ретките карциноми не се толку ретки. Нив-

ната инциденца е повисока во однос на инциденца-

та на било кој од поединечните чести карциноми. 

Оваа група ќе стане уште поголема бидејќи се иден-

тификуваат нови ретки подтипови на карциноми, 

врз основа на нивните молекуларни аберации. По-

веќе од 50% од сите гинеколошки карциноми се сме-

таат за ретки. 

Цел. Овој преглед на литературата ги испитува 

уникатните предизвици поврзани со ретките кар-

циноми, како и напредокот во разбирањето, дијагно-

зата и третманот на ретките гинеколошки карциноми. 

Методи. Пребарувањето на литературата беше извр-

шено користејќи ја датабазата PubMed. Изборот на 

научни трудови беше заснован на нивната релеван-

тност за ретките гинеколошки карциноми, вклучи-

телно нивната епидемиологија, дијагноза, модали-

тети на третман, истражувачки предизвици и потен-

цијални решенија. 

Резултати. Предизвиците во дијагнозата и третма-

нот на ретките карциноми се должат на нивната нис-

ка инциденца, како и лимитираните можности за 

спроведување на научни истражувања. Во послед-

ните години, имунохистохемиските анализи и мо-

лекуларните студии значително придонесоа за ди-

јагностицирање во областа на гинеколошката нео-

плазија. Напредокот во разбирањето на молекулар-

ната основа на карциномите, како и откривањето 

на специфични молекуларни цели, водат кон развој 

на таргетирана терапија и модерна имунотерапија. 

Многу од предизвиците во третманот на ретките 

карциноми би можеле да се надминат со централи-

зација на лекувањето, т.е. со воспоставување рефе-

рентни центри за третман, развој на биобанки и ме-

ѓународна соработка.  
Заклучок. Спроведувањето квалитетни клинички 

испитувања и меѓународна соработка, како и вклу-
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чување на фармацевтските индустрии, водат кон 

развој на нови ефективни и таргетирани терапии и 

стратегии за превенција, што резултира со подобра 

грижа и подобар исход за пациентите. 

 

Клучни зборови: ретки карциноми, гинеколошки 

карцином, биобанки, таргетирана терапија 

___________________________________________ 

 

Introduction  

 

Cancer is a growing global burden and therefore its 

prevention is one of the most important public health 

challenges of the 21st century. Today we are witnesses 

of an epidemiological transition, which has begun in 

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. 

 

Appendix 1 

 
      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 

5th 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 

Vulva-Vagina 
Epithelial 

Paget’s disease of the vulva 

Adenocarcinoma 

Other carcinomas 

Skin adnexal carcinoma 

Germ Cell Yolk sac tumor and other types 

Uterine cervix 
Epithelial 

Adenocarcinoma 

Carcinosarcoma 

Mixed Adenosarcoma 

Uterine corpus 

Epithelial Carcinosarcoma 

Mixed Adenosarcoma 

Germ Cell Yolk sac tumor and other types 

Fallopian tube 
Epithelial Adenocarcinoma 

Mixed Adenosarcoma 

Ovary Epithelial 

Mucinous adenocarcinoma 

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 BRCA2 

https://publications.iarc.fr/592
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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 

Cancer entity 

Incidence rate 

per 100,000 

per year 

Five-year 

relative 

survival (%) 

Rare epithelial tumors 

of corpus uteri 

 
0.70 43.2 

 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 35.5 

Epithelial tumors of 

cervix uteri 

 
6.28 65.1 

 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 

tube 

 

9.38 37.2 

 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 

of ovary 

 
0.25 80.6 

 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 tumors of 

vulva and vagina 

 
1.97 57.3 

 Squamous cell carcinoma with variants of vulva and 

vagina 
1.69 59.0 

 Adenocarcinoma with variants of vulva and vagina 0.07 42.3 

 Paget’s disease of vulva and vagina 0.05 

 
83.7 

 Undifferentiated carcinoma of vulva and vagina 0.01 15.8 

Trophoblastic tumor of 

placenta 

 
0.02 85.3 

 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 



 
Tofoski G. et al.  
 

 

 

76 

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. 
 

References 

 
1. Bray F, Laversanne M, Weiderpass E, Soerjomataram I. 

The ever-increasing importance of cancer as a leading cause 

of premature death worldwide. Cancer 2021; 127(16): 

3029-3030.  

2. US Food and Drug Administration, Orphan Drug Act-

Relevant Excerpts, https://www.fda.gov/industry/designating-

orphan-product-drugs-and-biological-products/orphan-drug 

-act-relevant-excerpts. 

3. US NIH National Cancer Institute: Dictionary of Cancer 

Terms: “rare cancer”.https://www.cancer.gov/publications/ 

dictionaries/cancer-terms/def/rare-cancer, 2021. 

4. Gatta G, van der Zwan JM, Casali PG, et al. Rare cancers 

are not so rare: the rare cancer burden in Europe. Eur J 

Cancer 2011; 47(17): 2493-2511.  

5. DeSantis CE, Kramer JL, Jemal A. The burden of rare 

cancers in the United States. CA Cancer J Clin 2017; 

67(4): 261-272.  

6. Pillai RK, Jayasree K. Rare cancers: Challenges & 

issues. Indian J Med Res 2017; 145(1): 17-27.  

7. Sankaranarayanan R, Ferlay J. Worldwide burden of 

gynaecological cancer: the size of the problem. Best Pract 

Res Clin Obstet Gynaecol 2006; 20(2): 207-225.  



 
Rare gynecological cancer  

 

 

 

77 

8. Ray-Coquard I, Trama A, Seckl MJ, et al. Rare ovarian 

tumours: Epidemiology, treatment challenges in and outside a 

network setting. Eur J Surg Oncol 2019; 45(1): 67-74.  

9. Female genital tumours: WHO Classification of Tumours, 

5th Edition, Volume 4, International Agency for Research 

on Cancer, Lyon, 2020. 

10. McCluggage, WG, Millan, D. Rare and Uncommon Gynaeco-

logical Cancers: A Clinical Guide. Rare and Uncommon 

Gynecological Cancers. Springer, Berlin 2010; 11-14.  

11. Di Fiore R, Suleiman S, Ellul B, et al. GYNOCARE 

Update: Modern Strategies to Improve Diagnosis and 

Treatment of Rare Gynecologic Tumors0Current Challenges 

and Future Directions. Cancers (Basel) 2021; 13(3): 493.  

12. Kuhn E, Ayhan A. Diagnostic immunohistochemistry in 

gynaecological neoplasia: a brief survey of the most co-

mmon scenarios. J ClinPathol 2018; 71(2): 98-109.  

13. Cortez AJ, Tudrej P, Kujawa KA, Lisowska KM. Advances 

in ovarian cancer therapy. Cancer Chemother Pharmacol 

2018; 81(1): 17-38.  

14. Bejar FG, Oaknin A, Williamson C, et al. Novel Therapies 

in Gynecologic Cancer. Am Soc Clin Oncol Educ Book 

2022; 42: 1-17.  

15. Manchana T, Ittiwut C, Mutirangura A, Kavanagh JJ. 

Targeted therapies for rare gynaecological cancers. Lancet 

Oncol 2010; 11(7): 685-693.  

16. Crusz SM, Miller RE. Targeted therapies in gynaecolo-

gical cancers. Histopathology 2020; 76(1): 157-170.  

17. Di Fiore R, Suleiman S, Pentimalli F, et al. Could 

MicroRNAs Be Useful Tools to Improve the Diagnosis 

and Treatment of Rare Gynecological Cancers? A Brief 

Overview. Int J Mol Sci 2021; 22(8): 3822.  

18. Peng Y, Croce CM. The role of MicroRNAs in human 

cancer. Signal Transduct Target Ther 2016; 1: 15004.  

19. Mandilaras V, Karakasis K, Clarke B, et al. Rare tumors in 

gynaecological cancers and the lack of therapeutic options 

and clinical trials. Expert Opin. Orphan Drugs 2017; 5: 71-83.  

20. Sandler A, Reilly K, Widemann B. Editorial: Special issue 

on rare cancers. CurrProbl Cancer 2021; 45(4): 100774.  

21. Mathoulin-Pélissier S, Pritchard-Jones K. Evidence-based 

data and rare cancers: The need for a new methodological 

approach in research and investigation. Eur J Surg Oncol 

2019; 45(1): 22-30.  

22. Karam A, Ledermann JA, Kim JW, et al. Fifth Ovarian 

Cancer Consensus Conference of the Gynecologic Cancer 

InterGroup: first-line interventions. Ann Oncol 2017; 

28(4): 711-717.  

23. Bogaerts J, Sydes MR, Keat N, et al. Clinical trial designs 

for rare diseases: studies developed and discussed by the 

International Rare Cancers Initiative. Eur J Cancer 2015; 

51(3): 271-281.  

24. Gershenson DM, Okamoto A, Ray-Coquard I. Rare Gyne-

cologic Tumors: Coming of Age. Gynecol Oncol 2020; 

157(1): 1-2.  

25. Swede H, Stone CL, Norwood AR. National population-

based biobanks for genetic research. Genet Med 2007; 

9(3): 141-149.   

26. Mendy M, Caboux E, Lawlor RT, et al. Common Minimum 

Technical Standards and Protocols for Biobanks 

Dedicated to Cancer Research. Lyon (FR): International 

Agency for Research on Cancer; 2017. 

27. Coppola L, Cianflone A, Grimaldi AM, et al. Biobanking 

in health care: evolution and future directions. J Transl 

Med 2019; 17(1): 172.  

28. Kinkorová J, Topolčan O. Biobanks in Horizon 2020: 

sustainability and attractive perspectives. EPMA J 2018; 

9(4): 345-353.  

29. 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.  

30. Sandrucci S, Naredi P, Bonvalot S. Centers of excellence 

or excellence networks: The surgical challenge and quality 

issues in rare cancers. Eur J Surg Oncol 2019; 45(1): 19-21. 
 

 



Mak Med Pregled  2023; 77(2): 78-83 
 

 

78 
MMP 

Original article 
 

ROLE OF CYTOLOGY AND CYTOBLOCK IN DIAGNOSIS OF MALIGNANT PLEURAL 

EFFUSIONS 
 

УЛОГАТА НА ЦИТОЛОГИЈАТА И КЛЕТОЧНИОТ БЛОК ВО ДИЈАГНОЗАТА НА 

МАЛИГНИТЕ  ПЛЕВРАЛЕН ИЗЛИВИ 
 

Dejan Todevski1, Deska Dimitrievska1, Marija Zdraveska1, Irfan Ismaili1, Aleksandra Tatabitovska1, 

Bojan Stoshevski1, Magdalena Bogdanovska Todorovska2, Biljana Ognenoska Jankoska3 and 

Teodora Vince Zdraveska4 
 
1University Clinic for Pulmonology and Allergy, 2Institute of Pathological Anatomy, 3University Clinic for 

Radiotherapy and Oncology, Faculty of Medicine, Ss. Cyril and Methodius University in Skopje, Skopje, 

Republic of North Macedonia, 4Faculty of Medicine, Ss. Cyril and Methodius University in Skopje, Skopje, 

Republic of North Macedonia 
 

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 II) in 57 (61.95%) and 

group III 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. 
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Апстракт  

 

Вовед. Плевралниот излив е честа компликација на 

малигните болести и неговата прецизна дијагнос-

тика е значаен фактор при одредувањето на ста-

диумот на болеста и донесување на одлука за оп-

тимален третман на болниот. Целта на оваа студија 

да се одреди дијагностичката вредност на цитоло-

гијата и клеточниот блок во детекција на малигни-

те плеврални изливи кај болните со белодробни и 

вонбелодробни неоплазми.. 

Методи. Направивме студија на пресек за период 

Јануари 2022 до Март 2023 година со ретроспек-

тивен пристап. Вклучивме 92 пациенти со малигно 

заболување, пратени на клиниката за Пулмологија 

за дијагностика  наново настанат плеврален излив. 

Ја анализиравме нивната медицинската историја, 

патохистологијата од примарниот тумор, и резул-

татите од цитоспин препаратот и клеточниот блок 

од примерокот од добиената плеврална течност.  

Резултати. Од вклучените 92 болни, позитивна 

цитологија (4 и 5 класификациона група) е добиена 

кај 31 болен (33,69%), негативна (1 и 2 група) кај 

57(61,95%) болни, а 3 група кај 4 болни (4,34%). По-

зитивна цитологија е добиена кај 17 болни (54.83%) 

со белодробен тумор, 11(35,48%) болни со вон бе-

лодробен тумор и 3(9.67%) малигноми со нејасна 

етиологија. Споредбата на клеточниот блок и цито-

спин препаратот покажуваат дека дијагностичката 

вредност на цитоблокот е поголема во однос на 

цитоспин препаратот. Резултатите од клеточен блок 

во 88,46% соодветствуваа со патохистолошкиот 

наод од примарната болест.  

Заклучок. Цитологијата и клеточниот блок од плев-

рален излив би можеле да бидат валидни дијагнос-
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тички процедури, пред се кај пациенти со напред-

ната малигна болест, кои не се во состојба да из-

држат инвазивни дијагностички постапки. 

 

Клучни зборови: плеврален излив, сензитивност, 

малигни болести, цитопатологија 

___________________________________________ 

 

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 

malignant 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. 

 

Objectives 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 

 

Material 

 

The study included patients with a diagnosed 

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 

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 

disease and accompanying pleural effusion was 

analyzed. Patients were equally represented according 

to gender distribution, i.e. 48(52.17%) men and 

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  

of the neoplasm 

Total 

men 
% 

Total 

women 
% In total % 

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 I and II) was obtained in 21 

(52.50%) patients, and classification group III, 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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           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 III, 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 

group 
Pulmonary 

Extra-

pulmonary 
Undefined Total 

I+II 21(52.50%) 32(71.11%) 4(57.14%) 57(61.96%) 

III 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%) 

 

 
          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 I and II) 

in 1 patient (3.85%), while in 3 (11.54%) patients, a 

classification group III result was obtained, where, the 

finding was inconclusive or the malignant etiology or 

malignant effusion was not clearly confirmed (Figure 3).

 

 
             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. 
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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-III 

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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Апстракт 

 

Вовед. Примарната цел на оваа студија беше да се 

истражи поврзаноста помеѓу нивоата на хормоните, 

конкретно односот fT3/fT4 и хируршкиот исход за 

пациенти со карцином на бубрег. Студијата имаше 

за цел да ја процени прогностичката вредност на 

хормонскиот статус во предвидувањето на прежи-

вувањето без прогресија и целокупното преживу-

вање по операцијата. 

Методи. Оваа проспективна студија опфати па-

циенти закажани за оперативен третман на бубре-

жен карцином. Вклучува пациенти на возраст над 

18 години со АСА статус I-III. Статусот на тироид-

ната жлезда беше евалуиран преку вредностите на 

хормоните пред и по операцијата и наодот од ул-

трасонографија на тироидната жлезда предопера-

тивно и хормонскиот статус постоперативно. Од-

носот fT3/fT4 беше пресметан за секој пациент. 

Резултати. Спроведена е анализа на 40 пациенти 

со целосни податоци. Просечната возраст на гру-

пата беше 64,3 години, со 1/4 од пациентите на 

возраст над 70 години. Преовладуваше чисто кле-

точен карцином (92,5%), при што 55,1% спаѓаат во 

средно ризичната група од интернационалната база 

за податоци на бубрежни карциноми. Кај 82.5% од 

ациентите интервенцијата беше спроведена лапа-

роскопски. Односот fT3/fT4 значајно корелираше 

со просечното преживување без прогресија (5, 14 и 

20 месеци за групи со низок, среден и висок однос, 

соодветно) и просечно целосно преживување (7, 26 
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и 40 месеци за низок, среден и висок сооднос 

групи, соодветно) (p<0,005). 

Заклучок. Нашите наоди ја нагласуваат важноста 

на односот fT3/fT4 како значаен прогностички 

показател за пациентите со карцином на бубрежни 

клетки кои се подложени на опертивен третман. 

Соодносот на fT3/fT4 беше поврзан со полошо 

преживување без прогресија и целокупно прежи-

вување, нагласувајќи ја потенцијалната улога на ста-

тусот на хормонот во предвидувањето на исходот. 

 

Клучни зборови: тироидни хормони, тироидна 

жлезда, бубрежен карцином 

___________________________________________ 

 

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-III, 

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. 

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

Parameter 
Number of 

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 4.74±4.2 

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 uIU/ml 1.5±1.62 2.1±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]. 



 
FT3/FT4  

 

 

 

87 

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. 
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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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Sciences, Goce Delcev University, Stip, Krste Misirkov 10A, 2000,Stip, 

R. N. Macedonia; E-mail: sonja.rogoleva@ugd.edu.mk 

(R(30)=-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  

___________________________________________ 

 

Апстракт   

 

Вовед. Кај пациенти со малигни неоплазми на гла-

ва и врат, терапијата со радијација несомнено ги 

афектира саливарните жлезди од едноставна при-

чина што тие се наоѓаат во близина на местото каде 

што се дистрибуира тоталната доза на радијација. 

Последователно на тоа ксеростомијата и дисфагијата 

се најчестите пострадијациони компликации кои го 

нарушуваат квалитетот на живот на овие пациенти. 

Волуметриски модулираната радиотерапија овоз-

можува повисоките дози на радијација да бидат 

фокусирани на целното место, а околните здрави 

ткива да бидат колку е можно помалку изложени 

на штетното дејство од радијацијата. 

Методи. Истражувањето се заснова на соработка 

помеѓу Универзитетската клиника за радиотера-

пија и онкологија и Универзитетската клиника за 

максилофацијална хирургија-Скопје. Истажувач-

киот примерок вклучува 30 пациенти третирани со 

една од техниките на радиотерапија: 3D CRT и 

VMAT. Стимулираниот саливарен проток од паро-

тидни жлезди се одредуваше со помош на модифи-
цирани Lashley cups. Пострадијационата ксеросто-

мија и мукозитис се евидентираше  во степени  врз 
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основа на клиничкиот преглед, а сите други пост-

радијациони компликации за време на првата кон-

трола после завршена радиотерапија, се евидентираа 

со присуство и отсуство на истите. Мерењето на 

влажноста на  оралната празнина се изведуваше со 

помош на модифицирана Schirmer метода.  

Резултати. Споредбата на пациентите третирани 

со една од двете техники на радиотерапија укажува 

на сигнификантно  поголема количина на излачена 

стимулирана салива (ml/min) кај пациентите трети-

рани со VMAT споредено со 3D CRT (p=0,0054). 

Помеѓу количина на  стимулиран саливарен проток 

(ml/min) и локализацијата на малигна неоплазма 

утврдена беше несигнификантна линеарна негатив-

на корелација-саливарниот проток  несигнификантно 

се намалуваше кај пациентите со малигном на 

Nasopharynx, Oropharynx, Hypopharynx, Larynx  

(R(30)= - 0,151; p=0,4602). Од двете методи, појавата 

на оралниот мукозитис сигнификантно асоцираше 

со методот 3D CRT. Слабиот степен на ксеросто-

мија сигнификантно асоцираше со методот VMAT. 

Заклучок. Примената на новата техника на волу-

метриски модулирана радиотерапија овозможува 

да се зачува саливарната функција кое се докажува  

преку зголемениот саливарен проток, а намален 

степен на ксеростомија и намалена застапеност на 

сите пострадијациони компликации. 

 

Клучни зборови: хипосаливација, ксеростомија, 

малигни неоплазми на глава и врат, волуметриски 

модулирана зрачна терапија, ирадијациони последици 

___________________________________________ 

 

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 10th to the 120th 

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 120th to the 240th 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 Mean± SD Min / Max Median (IQR) p 

Saliva (ml/min) - Lip, Оral 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 

 

 
                          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  

 

(R(30)= - 0,151; p=0,4602) (Fig.1a)

 
      Table 2. Distribution of post-radiation complications 

Post-radiation 

complications 

3DCRT 

(n=15) 

VMAT 

(n=15) 

Total 

(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 

threatening 
0(0%) 0(0%) 0(0%) - 

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). 

  

 

 



 
Gjurovski Rogoleva S. et al.  
 

 

 

92 

Table 3. Distribution of xerostomia grades  

Xerostomia grading 

scale - NCI CTCAE 

3DCRT 

(n=15) 

VMAT 

(n=15) 

Total 

(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 3DCRT 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 

therapy 

Mean Modus Median Max Min SD 

3DCRT 4.2 1; 0 3.5 9 0 1.0 

VMAT 5.5 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].  
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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.  
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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-1a-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 IgG 

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  
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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, IgG 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 

___________________________________________ 

 

Апстракт 

 

Вовед. Мултиплекс склерозата (МС) е распростра-

нето автоимуно пореметување кое погодува 2.1 

милиони лица на глобално ниво со сеуште неце-

лосно разбрани механизми на болеста и ефектив-

ните третмани за лекување. Истражувањето на био-

маркерите на цереброспиналната течност (CSF) да-

ва увид во воспалителните процеси кои укажуваат 

на прогресијата на МС, помагајќи во диференцијал-

ната дијагноза и потенцијално предвидувајќи кли-

нички дефинитивна МС. 

Цели. Наша цел беше сеопфатна евалуација на 

приемните биомаркери, како и нивната поврзаност 

со имунолошките обрасци на цереброспиналната 

течност и нивната улога како рани предвидувачи за 

прогресијата на МС во група од 83 пациенти. 

Методи. Двогодишна лонгитудинална кохортна 

студија на пациенти со мултиплекс ссклероза тре-

тирани со интерферон бета-1а, притоа користевме 
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квалитативни (OCGB детекција), полуквалитатив-

ни (DISC-PAGE и трасирање со дензитометрија) и 

квантитативни (ласерска нефелометрија) методи. 

Овие пристапи беа усогласени за да се процени 

чувствителноста и да се избере оптималниот метод 

за разликување на типовите мултиплекс склероза. 

Предложената морфолошка карактеризација на 

електрофоретските потписи на цереброспиналната 

течност, поврзани со имунолошките типови на 

цереброспиналната течност, вклучува проценка на 

чувствителност и специфичност за определување 

на гранични вредности. 

Резултати. Двогодишниот третман со интерферон 

бета-1а резултираше со медиана на EDSS од 2,5 во 

кохортната група. DISC-PAGE електрофоретските 

потписи на покажаа поголема чувствителност од 

квантитативната ласерска нефелометрија за откри-

вање на типови CSF (INF, TU и INF+TU). Беа пред-

ложени нови пониски гранични вредности на 

биомаркерите за CSF кои ги разликуваат INF, TU и 

комбинираните типови INF+TU со висока чувстви-

телност и специфичност. Развиениот CDA модел 

нуди попрецизна проценка на имунолошките типови 

на CSF кај МС. За OCGB, стапката на синтеза на 

IgG, конкретно формулата TOURT, покажа најви-

сока поврзаност, со вредност од ≥0.75 mg/24 ч која 

се смета за оптимална за откривање на интратекал-

на IgG синтеза (96% чувствителност, 75,8% специ-

фичност). Во прогнозата, рутинските маркери не 

успеаја, но нивоата на лактат на цереброспинал-

ната течност (cut-off ≥2.01 mmol/L) се појавија ка-

ко единствен значаен ран предиктор за развој на 

SPMS. Дополнително, нивоата на лактатво во це-

реброспиналната течност и нивото на IgG во це-

реброспиналната течност беа идентификувани како 

значајни рани предвидувачи за функционална поп-

реченост. Конечниот модел инкорпорираше незна-

чајни предвидувачи, вклучително и присуството на 

OCGB, комбиниран тип INF+TU CSF, нивоа на 

CSF IgA и возраст, што значително придонесува за 

севкупниот капацитет на предвидување преку нив-

ните директни и индиректни ефекти. 

Заклучок. DISC-PAGE електрофореза со дензито-

метриско трасирање се препорачува за чувстви-

телна детекција на имунолошки шеми на CSF. 

Предложените гранични вредности за индекс на 

албумин, IgG индекс, CSF IgG и CSF лактати би 

можеле да ја подобрат точноста, чувствителноста и 

сеопфатноста во проценката на типовите на мул-

типлекс склероза. 

 

Клучни зборови: биомаркери на цереброспиналната 

течност, мултиплекс склероза, DISC-PAGE, имуно-

лошки обрасци на цереброспиналната течност, нивоа 

на лактат во цереброспиналната течност, 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 IgG 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-

1a-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 3,000×g 

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 200×g 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 

α2-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 IgG 

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 IgG (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 χ2 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 IgG > 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 quantitatively 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-

c). The most substantial effect size among these asso-

ciations was observed for CSF IgG levels (H = 37.50, 

***p=7.20·10−9, ε2=0.457) and the total levels of CSF 

proteins (H=35.56, ***p=1.90·10−8, ε2=0.434). Strong 

positive relationships were also noted for CSF albumin 

levels (H=29.316, ***p=4.31·10−7, ε2=0.358), albumin 

index (H=29.19, ***p=4.59·10−7, ε2=0.356), 24-hour 

IgG synthesis rate (H=28.31, ***p=7.13·10−7, ε2=0.345), 

IgG index (H=26.46, ***p=0.000002, ε2=0.323), and 

CSF lactate levels (H=24.72, ***p=0.000004, ε2= 

0.301). Additionally, CSF IgA (H=22.96, ***p= 0.00001, 

ε2=0.274) and IgM (H=21.30, ***p=0.00002, ε2=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=3.4·10−8), 

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 IgG (r=0.376, *p 

=0.002), and 24-hour IgG 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 IgG-related markers: CSF IgG levels (r= 

0.639, ***p=1.13·10−7), 24-hour IgG synthesis rate (r 

=0.589, ***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 IgG synthesis rate mg/24 h (83% sensitivity, 93.7% 

specificity, ROC AUC=0.899, ***p=0.000001), ≥0.675 

for IgG 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 IgG 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 IgG synthesis rate: r=0.774, 

***p=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). 

 

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  

 

 
Fig. 1. Associations of the admission CSF biochemical markers (measured by quantitative methods) with the specific CSF 

immunological types, defined on the basis of their electrophoretic patterns (“signatures”).  
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the seven variables into two major components known 

as canonical variables (ROC curves-Figure 1, d, e). 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) 

Covariates 
Scoring Coefficients 

Standardized  

coefficients (weights) 

Structure coefficients 

(loadings) 

Canon1 Canon2 Canon1 Canon2 Canon1 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 (QAlb × 1000) 0.095 -0.500 0.146 -0.764 0.786 -0.501 

IgG syntesis rate (mg/24 h) 0.009 0.044 0.058 0.291 0.534 0.323 

IgG 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 (QAlb×1000) among the pattern 

types. c. Specific immunological (CSF IgG, IgG index, 

CSF IgG 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; 

QAlb×1000-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 
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=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  

 

 
             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, IgG, 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 IgG 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 (χ2=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 (χ2=1.310, p the seven variables into two major 

components known as canonical variables (ROC 

curves-Figure 1, d, e).=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 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, IgG, 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 IgG 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 (χ2=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 (χ2=1.310, p the seven variables into two major 
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components known as canonical variables (ROC curves-

Figure 1, d, e).=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 IgG levels 

between SPMS and RRMS patients. e. Comparison of 

the albumin index between SPMS and RRMS patients. 

f. Histograms of CSF IgG 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 IgG 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 IgG, 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. 
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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 

NEDD4L 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 

NEDD4L 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. 

 

Keywords: periventricular nodular heterotopia, variant 

 
________________________ 
Correspondence to:     Filip Trpcheski, PHI Secondary Level Polyclinic 

"Zhelezara", 1000 Skopje, R. N. Macedonia; E-mail: philliptrpcheski@gmail.com 
 

of uncertain significance, NEDD4L, epilepsy, genetics 

___________________________________________ 

 

Апстракт 

 

Вовед. Перивентрикуларната нодуларна хетерото-

пија (ПВНХ) се карактеризира со присуство на но-

дули од сива маса околу вентрикуларните ѕидови. 

Најголемиот број од пациентите манифестираат 

епилепсија со или без интелектуално нарушување. 

ПВНХ 7 е асоцирана со мутација во генот NEDD4L 

на хромозомот 18. Генските варијанти со непоз-

нато значење (ВНЗ) се варијанти кои не можат да 

се поврзат со некоја болест затоа што не постојат 

доволно докази за таквата асоцијација. 

Презентација на случај. 17 годишно момче со 

анамнеза за три напади во последните две години 

беше реферирано за реевалуација и започнување со 

терапија. Неговиот ЕЕГ наод по депривација на 

сон прикажа билатерални независни епилептични 

избивања, а неговото невропсихолошко тестирање 

прикажа гранично интелектуално функционирање. 

Наодите од НМР на мозокот покажаа билатерална 

асиметрична ПВНХ, но генетските анализи открија 

ВНЗ во генот NEDD4L. 

Дискусија. Постојат пет категории на генски вари-

јанти: патолошки, најверојатно патолошки, ВНЗ, 

веројатно бенигни и бенигни. Интерпретацијата на 

една варијанта е под влијание на фрекфенцијата со 

која таа варијанта е застапена во популацијата, 

претходните наоди кај пациенти со исти клинички 

карактеристики и предвидениот импакт на варијан-

тата. Категоризацијата на една ВНЗ може да се 

промени во колку повеќе луѓе се тестираат. 

Заклучок. Прикажувањето на пациенти со ПВНХ 

и ВНЗ е важно затоа што тоа може да ни помогне 

во разбирањето на врската помеѓу малформацијата 

и варијантата. Генетското тестирање на родителите 

може да докаже дека овде станува збор за de novo 

варијанта, а тоа може да ја категоризира истата 

како веројанто патогена варијанта. 
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Клучни зборови: перивентрикуларна нодуларна 

хетеротопија, варијанта со непознато значење, 

NEDD4L, епилепсија, генетика 

___________________________________________ 

 

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 (PVNH) 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, NEDD4L, 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 NEDD4L 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 NEDD4L 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. 

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. 

 

 
              Fig. 1. Epileptiform discharges above the right hemisphere (independent from the left discharges noticed  

              later in the recording) 

 

 
               Fig. 2. Epileptiform discharges above the left hemisphere (independent from the right discharges noticed  

               earlier in the recording) 
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The two MRI studies of the brain that were evaluated 

next revealed ependymal and subependymal abnorma-

lities located in both lateral ventricles, mostly along-

side the temporal horns, the trigonums and the pos-

terior horns of the ventricles. These abnormalities were 

isodense with normal cortex and represented unmigrated 

cortex-gray matter heterotopia; periventricular nodular 

heterotopia that was bilateral and asymmetric (Figures 

3, 4 and 5). 

 

 
                                   Fig. 3. T2 images showing continuous gray matter nodules mostly alongside the  

                                   posterior horn of the left ventricle (axial view) 

 

 
                                  Fig. 4. T2 images showing gray matter nodules alongside 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 

IQ 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 NEDD4L 

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 PVNH5 is associated with deletions of the 

chromosome 5q [8]. 

PVNH6 is autosomal dominant heterotopia caused by 

heterozygous mutation in the ERMARD gene on the 

6q27 chromosome. PVNH7 is autosomal dominant 

heterotopia caused by heterozygous mutation in the 

NEDD4L gene on the 18q21 chromosome. PVNH8 is 

autosomal dominant heterotopia caused by heterozy-

gous mutation in the ARF1 gene on the 1q42 chromo-

some. PVNH9 is autosomal dominant heterotopia 

caused by heterozygous mutation in the MAP1B gene 

on the 5q13 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 NEDD4L gene on 

the exon 10. The NEDD4L gene is located on the 

18q21 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 NEDD4L 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 NEDD4L 

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.Glu271Ala) in the 

exon 10 of the NEDD4L 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 

(NOACs) 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. 
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Апстракт 

 

Вовед. Церебрална синус венска тромбоза (ЦВСТ) 

е итна состојба во бременоста и постпарталниот 

период. Моментално препорачаниот третман за 

ЦВСТ е со нискомолекуларен хепарин, а потоа со 

орална антикоагулантна терапија. Употребата на 

новите антикоагуланси е поврзана со помал ризик 

од крварење. Епилептичните напади се чести кај 

ЦВСТ. Кај 35-50% од пациентите се појавуваат 

акутни симптоматски напади. Во отсуство на пре-

цизни упатства, одлуката за почетокот, видот, до-

зата и времетраењето на антиепилептичната тера-

пија е честопати индивидуализирана. 

Презентација на случај. Претходно здрава 27 го-

дишна жена, гравида 4, став 3, породена со царски 

рез пред 15 дена, беше хоспитализирана на Одделот 

за ургентна неврологија поради левострана главо-

болка и повеќе секундарно генерализирани фокал-

ни напади. Невролошкиот преглед покажа слабост 

на горниот десен екстремитет. Магнетната резо-

нанца откри тромбоза на повеќе церебрални вен-

ски синуси и тромбоза на кортикалните вени. Па-

циентката беше третирана со нискомолекуларен хе-

парин и карбамазепин, а по престојот, за време на 

кој не се регистрираа напади, беше испишана со 

орална антикоагулантна (ривароксабан) и антиепи-

лептична (карбамазепин) терапија. На контролниот 

преглед по 6 месеци пациентката беше без невро-

лошки дефицит, не пријави напади и други цереб-

роваскуларни компликации, туку лесно зголемено 

менструално крварење. 

Заклучок. Амбулантскиот третман на постпартал-

ната ТЦВС со ривароксабан е ефикасен и го нама-

лува ризикот од крварње. Терапијата со карбамазе-

пин во текот на следните 2.5 години не предизвика 
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тромбоемболични настани, ниту повторна појава 

на епилептичните напади.  

 

Клучни зборови: тромбоза на церебрални венски 

синуси, напади, постпартум, ривароксабан, 

карбамазепин 

___________________________________________ 

 

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) 
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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] 

 
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 III, 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, 



 
Cerebral venous sinus thrombosis  

 

 

 

115 

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 (DOACs) 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 II 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 III 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, Geisbüsch 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 is 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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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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Апстракт 

 

Вовед. Комплексот на туберозна склероза (ТСК) е 

ретко генетско заболување со автосомно доминан-

тен начин на наследување. TСК е предизвикан од 

генетски мутации или на TSC1 или TSC2 генот. 

Гените TSC1 и TSC2 го регулираат растот на клет-

ките во телото со супресија на група протеини, од 

кои еден се нарекува цел на aктивноста на рапа-

мицин или мТОР. Овие протеини се изразени во 

многу различни органи на телото, поради што по-

веќе органски системи често се засегнати од TСК. 

Презентација на случај. Презентираме случај на 

двегодишно женско дете,со пренатално дијагнос-

тициран олигохидроамнион и мултипни кардијални 

тумори суспектни за рабдомиоми. После раѓање, 

молекуларните генетски тестови открија патогена 

варијанта на TSC 1 генот, наследена од нејзиниот 

татко и ја потврдија дијагнозата Туберозна склеро-

за. Постнаталната ехокрадиографија го потврди 

присуството на мултипните срцеви тумори. На 

осум месечна возраст, манифестираше прва атака 

на афебрилни конвулзии со присутни  промени во 

ЕЕГ, поради што се започна со антиепилептична 

терапија. Последниот реализиран МРИ на мозок 

откри присуство на мултипни субкортикални и 

кортикални тубери. Базирајќи се на промените на 

последната магнетна резонанца на мозокот, кли-

ничките манифестации и резистентната епилепси-

ја, во план е  вклучување на Еверолимус (мТОР ин-

хибитор) во терапијата. 

Заклучок. Пренаталната дијагноза е особено зна-

чајна за навремено откривање и препознавање на 

TСК, како и за рано започнување со терапија со 

мТОР инхибитор, со цел да се подобри квалитетот 

на живот на афектираните деца. 

 

Клучни зборови: туберозна склероза; мТОР  

инхибитори; рабдомиоми; епилепсија; 
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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 9q34, and TSC2 on 16p13.3 [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 Tsc1 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 

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]. 

 
▪ Table 1. Diagnostic criteria for tuberous sclerosis complex, 2012 

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 



 
Nonkulovski D. et al.  
 

 

 

122 

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 Мace-

donian Academy of Sciences and Arts.  

Тhe 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 c.1734_1738delinsT (p.Ile580SerfsTer48) in the 

exon 15 of the TSC 1 gene, inherited from her father. 

This variant c.1734_1738delinsT (p.Ile580SerfsTer48) 

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. 

 

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

           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  

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). Тherefore, the therapy conti-

nued with Vigabatrin and Carbamazepine. After few 

months the patient was seizure-free. 
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                    Fig. 2. EEG - Diffusely changed with appearance of polymorphic discharges 

 

 
   Fig. 3. Subcortical and cortical tubers 

 

 
                           Fig. 4. Follow-up EEG: Basic brain activity, present alpha rhythm with  

           dominant left- sided foci 

 



 
Nonkulovski D. et al. 
 

 

 

124 

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 Еverolimus 

(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 function and 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. Тimely 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. Аfter 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. 
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UPATSTVO ZA PRIJAVA NA TRUD OD SORABOTNICITE NA MMP 
 
"Makedonski medicinski pregled"(MMP) e stru~no spisanie na Makedonskoto 
lekarsko dru{tvo, prvenstveno nameneto na lekarite od op{ta praktika, 
specijalistite od oddelnite medicinski disciplini i istra`uva~ite vo oblasta na 
bazi~nite medicinski i drugi srodni nauki. 
Spisanieto gi ima slednive rubriki i kategorii na trudovi: 
 

1. Izvorni trudovi 
2. Soop{tuvawa za klini~ki i laboratoriski iskustva 
3. Prikazi na slu~ai 
4. Od praktika za praktika  
5. Edukativni statii 
6. Variae (писма од редакцијата, општествена hronika, prikazi na knigi, izve{tai 

od kongresi, simpoziumi i drugi stru~ni sobiri, rubrikata ,,Vo se}avawe,, i 
dr). 

 
Izvornite trudovi imaat belezi na nau~ni trudovi, dodeka trudovite 
kategorizirani vo rubrikite 2-5 imaat belezi na stru~ni trudovi. 
Vo MMP se objavuvaat trudovi na ~lenovite na MLD ili na ~lenovi na drugi 
stru~ni zdru`enija. Avtorite se odgovorni za po~ituvaweto na eti~kite na~ela 
pri medicinskite istra`uvawa, a iznesenite stavovi, izvedeni od analizata na 
sopstvenite rezultati, ne se nu`no i stavovi na Redakcijata na MMP. 

Redakcijata gi ispra}a rakopisite na stru~nа recenziја; recenzentot (ite) i 

Redakcijata ja opredeluvaat definitivnata kategorizacija na rakopisot koj e 
prifaten za pe~atewe. Redakcijata go zadr`uva pravoto rakopisite da gi pe~ati 
spored recenziraniot prioritet. 
Upatstvoto za sorabotnicite na MMP e vo soglasnost so Vankuverskite pravila za 
izedna~eni barawa za rakopisite koi se pra}aat do biomedicinskite spisanija. 

 

1. TEKST NA RAKOPISOT 
Site rakopisi se ispra}aat vo elektronska forma na elektronskata adresa (e-
mail) na MLD-MMP, so dvoen prored i najmnogu 28 redovi na stranica. Trudot se 
podnesuva na angliski jazik  latini~en font Times New Roman golemina 12 i 
apstrakt na makedonski jazik. Levo, gore i dolu treba da se ostavi slobodna margina 
od najmalku 3 sm, a desno od 2,5 sm.. Redniot broj  na stranicite se pi{uva vo 
desniot goren agol. 
Rakopisot na trudot treba da e pridru`en so pismo na prviot avtor, so izjava deka 
istiot tekst ne e ve}e objaven ili podnesen/prifaten za pe~atewe vo drugo 
spisanie ili stru~na publikacija i so potvrda deka rakopisot e pregledan i 
odobren od site koavtori, odnosno so pridru`na deklaracija za eventualen 
konflikt na interesi so nekoj od avtorite. 

 
Naslovnata strana treba da ima: naslov na makedonski i angliski, imiwa i 
prezimiwa na avtorite, kako i instituciite na koi im pripa|aat, imiwata na 
avtorite i naslovot na ustanovata se povrzuvaat so arapski brojki; avtor za 
korespondecija so site detali (tel. e-mail); kategorija na trudot; kratok naslov (do 
65 karakteri zaedno so prazniot prostor); kako i informacija za pridonesot za 
trudot na sekoj koavtor (ideja, dizajn, sobirawe na podatoci, statististi~ka 
obrabotka, pi{uvawe na trudot). 



 

 

 
Naslovot treba koncizno da ja izrazi sodr`inata na trudot. Se prepora~uva da se 
izbegnuva upotreba na kratenki vo naslovot. 
 
Izvornite trudovi i soop{tuvawata go imaat sledniov formalen redosled: 
naslovna strana, izvadok na makedonski jazik (voved, metodi, rezultati, zaklu~ok) 
so klu~ni zborovi, izvadok na makedonski jazik so klu~ni zborovi, voved, materijal 
i metodi, rezultati, diskusija i zaklu~oci, literatura i prilozi (tabeli, grafici 
i sliki) i legendi za prilozite vo eden fajl. 

 
Prikazite na slu~ai treba da sodr`at voved, detalen prikaz na slu~ajot, diskusija 
so zaklu~ok i literatura so prilozi. 
 
Izvadokot na makedonski jazik treba da sodr`i najmnogu 250 zborovi i da bide 
strukturiran so site bitni ~initeli izneseni vo trudot: voved so celta na trudot, 
metodot, rezultati (so numeri~ki podatoci) i zaklu~oci. Zaedno so izvadokot, 
treba da se dostavat i do 5 klu~ni, indeksni zborovi.  

 
Izvadokot na angliski jazik mora da e so sodr`ina identi~na so sodr`inata na 
izvadokot na makedonski jazik. Klu~nite zborovi treba da se vo soglasnost so 
MeSH (Medical Sibject Headings) listata na Index Medicus. 

 
Vovedot treba da pretstavuva kratok i jasen prikaz na ispituvaniot problem i 
celite na istra`uvaweto, so naveduvawe na eti~kiot komitet odnosno 
institucijata koja go odobrila ispituvaweto (klini~ka studija koja se raboti 
spored principite na Helsin{kata deklaracija za pacientite i nivnite prava). 

 
Metodite treba da bidat to~no nazna~eni, za da se ovozmo`i povtoruvawe na 
prika`anoto istra`uvawe. Osobeno e va`no da se preciziraat kriteriumite za 
selekcija na opserviranite slu~ai, vovedenite modifikacii na ve}e poznatite 
metodi, kako i identifikacija na upotrebenite lekovi spored generi~noto ime, 
dozite i na~inot na administracija. 
 
Rezultatite treba da se prika`at jasno, po logi~en redosled. Rezultatite se 
iznesuvaat vo standardnite SI edinici. Vo tekstot treba da se nazna~i 
optimalnoto mesto kade }e se vmetnat tabelite i ilustraciite, za da se izbegne 
nepotrebnoto povtoruvawe na iznesenite podatoci. Zna~ajnosta na rezultatite 
treba da se obraboti statisti~ki, so detalen opis na upotrebenite statisti~ki 
metodi na krajot na delot metodi. 

 
Diskusijata treba da gi istakne implikaciite od dobienite rezultati, sporedeni 
so postojnite soznanija za ispituvaniot problem. 
 
Zaklu~ocite treba da ne bidat podolgi od 150 zborovi.  

 
2. PRILOZI 
 
Kako prilog-dokumentacija na trudovite predlo`eni za pe~atewe, mo`e da se 
dostavaat do 5 priloga (tabeli, figuri,/sliki - ilustracii). 

 



 

 

Tabelite se dostavuvaat na krajot na trudot vo istiot fajl. Sekoja tabela treba da 
ima svoj naslov i reden broj koj ja povrzuva so tekstot. Horizontalni i vertikalni 
linii na tabelata ne se dozvoleni; oznakite na kolonite vo tabelata se pi{uvaat 
skrateno ili so simbol, a nivnoto objasnuvawe se pi{uva na dnoto na tabelata, vo 
vid na legenda. 
 

Ilustraciite se dostavuvaat so reden broj kako slika vo crno-bela tehnika, a 
sekoja slika treba da e pridru`ena so legenda (opis).  
 

Mikrofotografiite mo`e da sodr`at posebni oznaki vo vid na strelki ili 
simboli. Pokraj opisot na slikata, mora da se navede i zgolemuvaweto i vidot na 
boeweto na preparatot (ako toa ve}e ne e napraveno vo sekcijata materijal i 
metodi). 
Site oznaki na fotografiite mora da bidat dovolno golemi, za da mo`e jasno da se 
raspoznaat i po smaluvaweto vo pe~atnicata, pri nivnoto vklu~uvawe vo 
pe~atenata stranica na spisanieto. 
 

3. LITERATURA 
 
Citiranata literatura se pi{uva na krajot na trudot po zaklu~ocite, so redni 
broevi spored redosledot na pojavuvaweto na citatot na tekstot na trudot staveni 

vo sredni zagradi i bez prostor me|u niv (ako se posledovatelni треба да се 

povrzani so crti~ka, na pr. [3-6]). 
Literaturata se citira na sledniov na~in (kratenkite za naslovite na spisanijata 
treba da se spored listata prifateni vo Index Medicus):  
a) statija vo spisanie (se naveduvaat site avtori, ako gi ima do 4 ili pomalku; 
ako gi ima pove}e od 4 se naveduvaat prvite 3 avtori i se dodava: i sor.) Neglia JP 
Meadows AT, Robison LL et al. Second neoplasms after acute lymphoblastic 
leukemia in childhood. N Engl J Med 1991; 325:1330-6. 

b) zaedni~ki avtor 
GIVIO (Interdisciplinary group for cancer care evaluation). Reducing 
diagnostic delay in breast cancer. Possible therapeutic implications. Cancer 
1986; 58: 1756-61. 

v) bez avtor - anonimno. Breast screening: new evidence. (Editoriall Lancet 
1984; i :1217-8). 
g) poglavje vo kniga ili monografija 
Weinstein L, Swartz MN. Pathogenic properties of invading microorganisms. 
Vo: Sodeman WA Jr, Sodeman WA, Ed. Pathogenic physiology: mechanisms of 
disease. Philadelphia; W B Saunders, 1974: 457-72.  
 
Prvite otpe~atoci na trudovite im se pra}aat na avtorite za korekcija: avtorite 
se dol`ni korigiraniot otpe~atok da i go vratat na Redakcijata na MMP  vo rok od 
2 dena.  
 

Уплата за испечатен труд во списанието ММП изнесува 3.000, 00 денари и се уплаќаат на  

жиро сметката на: Македонско лекарско друштво  

300000000211884 – Комерцијална банка  

со цел на дознака : уплата за стучен труд  
 
 



 

 

Adresata na Redakcijata  
Dame Gruev br. 3  
Gradski yid blok II,  
1000 Skopje,  
Tel.: ++ 389 02 3162 577  

Elektronska adresa (E-mail): mld@unet.com.mk  

 
Авторите што сакаат da objavuvaat trudovi во списанието треба да ја имаат уплатено 

членарината за тековната година во висина од 1440 денари и за тоа да ја информираат 
стручната служба на Македонско лекарско друштво, писмено или преку телефон. 

 
Детални информации можете да добиете на телефонот на Друштвото 02 3 162 557. 

 
Izvestuvawe za recenzentite za MMP 
 
Во склад со правилникот на УКИМ рецензентите што навремено и одговорно ќе ја 

одработат рецензијата ќе добијат 0.4 бода кои се собираат за унапредување во 

академските звања. Бодовите можат да се добијат и ретроградно преку побарување во 

МЛД - 3162 557. 
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