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Abstract. Thymoma is characterized by various clinical
manifestations. About half of them are manifested as an asymptomatic
course, others occur in a combination with different syndromes. 25%
of patients develop compression of tumor blood vessels, nerves and
organs of the mediastinum or clinical signs of germination of thymic
tumor in other organs. 40% of patients are diagnosed with autoimmune
diseases due to dysfunction of the thymus. Generalized myasthenia
gravis (75%) is most frequently observed.

The objective of the research was to study clinical and
immunological peculiarities of myasthenia gravis depending on the
size and histological type of thymoma.

Materials and methods. The results of clinical and immunological,
instrumental and histological examination of 30 patients with
myasthenia on the background of thymoma were analyzed. The severity
of the disease was assessed using clinical classification of the
Myasthenia Gravis Foundation of America (MGFA, 2001). To
determine the barrier function of phagocytic cells, phagocytosis activity
of neutrophils was evaluated using the light microscope. The phagocytic
index, the phagocytic number and the index of phagocytosis completion
were determined. The suspension culture of Saccharomyces cerevisiae
was used as a microbial agent. Preparations were stained using the
Romanovsky-Himze methods. Neutrophilic leukocytes were separated
from leukocyte suspension of peripheral blood. The expression of
differentiation clusters CD3+, CD4+ and CD8+ on subpopulation of
T- and B-cells were evaluated by indirect ELISA using monoclonal
antibodies labeled with FITC-dye. To diagnose thymoma, we used spiral
CT “Marconi” SeleCT/SP. For histologic study thymoma samples were
fixed in 10% neutral formalin for 24 hours. The material was embedded
in paraffin after posting through the chloroform in the usual way; then,
sections with the thickness of 5-7 мm were prepared. Preparations
were stained with hematoxylin and eosin.

Results and conclusions. The severity of the clinical course of
myasthenic syndrome on the background of thymoma does not depend
on tumor size; it depends on the histologic type and immunological
imbalance. The severest clinical picture was observed in patients with
type AB thymoma and the least severe course of myasthenic symptoms
was found in patients with lymphoid thymoma (type B1).
Lymphoepithelial and epithelial thymomas were accompanied by
similar immunological disorders. The reduction in the levels of CD3+
and CD4+ lymphocyte subpopulations can be used as a reliable
diagnostic criterion. Lymphoid thymomas are characterized by a
significant reduction in the indicators of the phagocytic index, the
phagocytic number, and the level of CD8+ lymphocyte subpopulations
as well as an increase in the level of CD4+ subpopulations. Surgical
treatment as a method of choice in case of radical immunosuppression
is indicated for all patients with confirmed thymoma regardless of its
size and histological characteristics.
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Problem statement and analysis of the recent research.
Thymic neoplasms are the most common tumors of the anterior
mediastinum including thymoma and carcinoma of the thymus
[1, 2].

Thymomas constitute approximately 20% of mediastinal
tumors; their average incidence is 0.18 cases per 100,000 men
and 0.10 cases per 100,000 women.

Thymic carcinomas are rare tumors and represent less than
15% of all tumors of the mediastinum. They are more invasive
than thymomas having worse prognosis [1].

The first case of the tumor of the thymus gland was described
by Lantensau and Kay in 1867. Some publications appeared

later; however, they were mainly sectional findings. The term
“thymoma”, being offered by Grandhomme and Schminke in
1900, is used to this day. However, some authors believe that the
term “thymoma” is insufficient, since it refers only to the organ
itself and does not reflect their histogenetic diversity [1-3].

Thymoma is usually a pale pink or grayish-white node, often
with evident capsules of varying thickness and density. Multiple
primary tumors are less common.

In 90% of cases, the tumor is located in the upper part of the
anterior mediastinum. Thymomas of other localization (in the
middle and posterior mediastinum, etc.) are associated with
aberrant thymic tissue. Tumor size ranges from a few millimeters
to a few tens of centimeters (averaging 6-8 cm) [2, 3].

Its heterogeneity is associated not only with different content
of T-cells and their precursors in the tumor but with pronounced
variability of epithelial cell morphology. Therefore, modern
histogenetic classification includes the existence of two major
subpopulations of thymic epithelial cells, namely the cortical
and medullar thymic epithelial cells, which have different origins
in embryogenesis [2, 3].

According to the latest histological classification of thymoma
modified in 2004 by the WHO, thymic neoplasms are
distinguished on the basis of histological and immunophenotypic
affinity to the cortical or medullary layers of thymic cells. The
WHO classification system defines the following histologic types
[1]:

- Type A thymoma is defined as a tumor is composed of
neoplastic thymic epithelial cells that have a spindle/oval shape,
lack nuclear atypia, and are accompanied by few, if any,
nonneoplastic lymphocytes;

- Type B1 is described as a tumor that resembles the normal
functional thymus and combines large expanses having an
appearance practically indistinguishable from the normal thymic
cortex with areas resembling thymic medulla;

- Type B2 is a tumor in which the neoplastic epithelial
component appears as scattered large epithelial cells with
vesicular nuclei and distinct nucleoli against a heavy population
of lymphocytes;

- Type B3 corresponds to tumors composed predominantly
of epithelial cells having a round or polygonal shape and
exhibiting no or mild atypia;

- Type AB thymoma is defined as a tumor in which foci having
features of type A thymoma are admixed with foci showing
features of type B thymoma;

- Type C thymoma is defined as a tumor exhibiting clear-cut
cytologic atypia and a set of cytoarchitectural features no longer
specific to the thymus, but rather analogous to those seen in
carcinomas of other organs.

Thymoma is characterized by various clinical manifestations
as well. About half of them are manifested as an asymptomatic
course, others occur in a combination with different syndromes.
25% of patients develop compression of tumor blood vessels,
nerves and organs of the mediastinum or clinical signs of
germination of thymic tumor in other organs. 40% of patients
are diagnosed with autoimmune diseases due to dysfunction of
the thymus. Generalized myasthenia gravis (75%) is most
frequently observed [2, 3].
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The objective of the research was to study clinical and
immunological peculiarities of myasthenia gravis depending on
the size and histological type of thymoma.

Materials and methods
The results of clinical and immunological, instrumental and

histological examination of 30 patients (17 women and 13 men) with
myasthenia against the background of thymoma treated at the thoracic
department of V.T. Zaitsev Institute of General and Emergency Surgery
of the Ministry of Health of Ukraine were summarized and analyzed.
The severity of the disease was assessed using clinical classification of
the Myasthenia Gravis Foundation of America (MGFA, 2001) [4, 5].

To determine the barrier function of phagocytic cells, phagocytosis
activity of neutrophils was evaluated using the light microscope. The
phagocytic index (PI), the phagocytic number (PN) and the
phagocytosis completion index (PCI) were determined. The suspension
culture of Saccharomyces cerevisiae was used as a microbial agent.
Preparations were stained using the Romanovsky-Himze methods.
Neutrophilic leukocytes were separated from leukocyte suspension of
peripheral blood [6, 7].

The expression of differentiation clusters CD3+, CD4+ and CD8+
on subpopulation of T- and B-cells were evaluated by indirect ELISA
using monoclonal antibodies labeled with FITC-dye [7].

To diagnose thymoma, we used spiral CT “Marconi” SeleCT/SP.
For histologic study thymoma samples were fixed in 10% neutral
formalin for 24 hours. The material was embedded in paraffin after
posting through the chloroform in the usual way; then, sections with
the thickness of 5-7 мm were prepared. Preparations were stained with
hematoxylin and eosin.

Statistical analysis of the results was performed using the software
package Statistica 6. The average values and standard errors were
calculated. Types of sign distribution among patients were determined
using the Shapiro-Wilk test; the equality of variances for a variable
was calculated using the Levene’s test.

The comparison of two groups with normal distribution was
performed using classical Student’s t-test for independent samples and
Student’s t-test with separate estimation of variances. The Mann-
Whitney U test was used as a nonparametric test. Differences were
considered significant at p<0.05.

The control group consisted of 30 practically healthy individuals.

Results and discussion
Myasthenia gravis was diagnosed in all patients

(manifestation of the disease at the age of 48.3±9.7 years).
According to clinical classification of the MGFA, at the time of
hospitalization 7 (23.3%) patients had MGF Class 3A, 13
(43.6%) patients had MGFA Class 3B, 6 (20%) patients had
MGF Class 4A, and 4 (13.1%) patients had MGF Class 5.

During neurological examination, severe weakness of the
skeletal (average muscle strength of the upper and lower
extremities accounted for 2.5 points) and respiratory muscles,
oropharyngeal weakness (reduced excursion of the soft palate,
difficulty in swallowing, dysphonia) were observed in all patients.
4 patients required mechanical ventilation (MV).

During electromyography (EMG), a significant decrease in
the amplitude of negative phase M- response in musculus
orbicularis oculi (0.44±0.2 mV; in the control group – 0.9±0.2
mV; p<0.05), musculus abductor digiti minimi (3.96±1.1 mV;
in the control group – 5.1±0.2 mV; p<0.05) and increase in the
response decrement rate (49.02±5.8%, in the control group –
11.3±0.2%; p<0.05) were observed compared to those in the
control group.

According to the data of spiral CT of the thymus gland, the
size of the thymus increased. In 10 patients, thymoma was in
average 2.1±0.6 in diameter. Clinical myasthenic syndrome in
this group of patients was characterized by a decrease in muscle
strength in the limbs to 2.5-3.0 points as well as the presence of
dysarthria and dysphagia. 2 patients were diagnosed with the
myasthenic crisis thereby requiring MV.

According to clinical classification of the MGFA, at the time
of hospitalization 2 patients had MGF Class 3A, 4 patients had
MGFA Class 3B, 2 patients had MGF Class 4A, and 2 patients
had MGF Class 5.

11 patients were diagnosed with thymoma being 4.4±0.8 cm
in diameter. Dysphagia and dystonia on the background of muscle
weakness being 2.0-3.0 points were detected as well. Severe
course of the disease which required MV was observed in 1
patient. According to clinical classification of the MGFA, at the
time of hospitalization 3 patients had MGF Class 3A, 5 patients
had MGFA Class 3B, 2 patients had MGF Class 4A, and 1 patient
had MGF Class 5.

The largest size of thymoma being 8.3±1.3 cm in diameter
was found in 9 patients; however, the clinical picture of
myasthenia gravis did not significantly differ from the previous
two groups.  According to clinical classification of the MGFA,
at the time of hospitalization 2 patients had MGF Class 3A, 4
patients had MGFA Class 3B, 2 patients had MGF Class 4A,
and 1 patient had MGF Class 5.

The study of the phagocytic function in all patients with
myasthenia and co-existent thymoma revealed significant
(p<0.05) reduction in the PI to 32.4±2.6% (in the control group
– 73.1±9.0%) and the PN to 2.1±0.5 (in the control group –
3.6± 0.1) with the preservation of the PCI within the control
values [6].

The same dynamics of the phagocytic function was observed
in all groups of patients regardless of tumor size. When studying
the parameters of T-cell immunity, we found a significant (p<0.05)
reduction in CD4+ to 21.0±9.4% and CD8+ to 13.0±3.7% (in
the control group – 29.0±8.6% and 18.0±4.5%, respectively),
the severity of which did not depend on the size of thymoma.

Considering the variability of histological thymoma all the
examined patients were divided into three groups according to
the WHO classification and histological type of thymus gland
tumor.

Group I included 12 patients with histologically confirmed
lymphoepithelial thymoma (type AB according to the WHO
classification) (Fig.1). The clinical picture of myasthenia gravis
was characterized by considerable generalized muscle weakness
(muscular strength in the legs was 2.5-3.0 points) and severe
bulbar disorders; 8 patients had MGF Class 3B and 2 patients
had MGF Class 4A. 2 patients with MGF Class 5 required MV.

Group II consisted of 8 patients with histologically confirmed
epithelial thymoma (type B3 according to the WHO
classification). Myasthenia gravis manifested itself as severe
muscle weakness (muscular strength in the extremities of 3.0-
3.5 points) and bulbar disorders. According to clinical
classification of the MGFA, all patients were divided as follows:
2 patients with MGF Class 3A, 3 patients with MGF Class 3B, 2
patients with MGF Class 4A, 1 patient with MGF Class 5.

Group III included 10 patients with lymphoid thymoma (type
B1 according to the WHO classification). The clinical picture of

Fig. 1. Thymus. Lymphoepithelial thymoma with lymphoid
follicles and germinal centers. Staining with hematoxylin and

eosin X-100
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myasthenia gravis was characterized by severe lesions of skeletal
muscles (muscle strength in the limbs was 3.0-3.5 points) and
moderate bulbar disorders; 5 patients had MGF Class 3A, 2
patients had MGF Class 3B and 2 patients had MGF Class 4A.
1 patient with MGF Class 5 required MV.

The results of immunological study in patients with
myasthenia and co-existent thymoma based on histological types
of tumors are presented in Tables 1 and 2. The maximum
reduction in the PI (by 1.5 times) was observed in patients with
type B1 thymoma. In patients with type AB and type B3
thymoma, the reduction in this indicator was significant as well;
however, it was less pronounced (by 1.1 and 1.2 times compared
to the control group) (Table 1).

The reduction in the PN was observed in groups with type
AB and type B1 thymoma (by 1.3 and 1.2 times, respectively),
and in patients with epithelial thymoma, this indicator increased
by 1.2 times. The PCI in patients with epithelial thymoma
increased twofold; in patients of other groups this indicator did
not significantly differ from the control group (Table 1).

Patients with type AB and type B3 thymoma noticed a
significant reduction in CD3+ by 1.5 and 1.8 times, respectively,
which was not observed in the group of patients with type B1
thymoma (Table 2).

The level of CD4+ cluster was significantly depressed in the
group of patients with type AB and type B3 thymoma; the level
of CD8+ in these groups was not significantly different from
that in the control group. In patients with lymphoid thymoma
(type B1), CD4+ exceeded the reference value by 1.3 times, and
cytotoxic T- lymphocytes (CD8+) were significantly depressed
(Table 2).

Summarizing the findings it should be noted that myasthenic
symptoms in patients with thymoma are of generalized character
and are accompanied by severe weakness of the skeletal (average
muscle strength of the upper and lower extremities accounted
for 2.5 – 3.0 points) and respiratory muscles, oropharyngeal
weakness. According to clinical classification of the MGFA, 13
(43.6%) patients had MFFA Class 3B and 6 (20%) patients had
MFFA Class 4A.

The development of myasthenia gravis in patients with
thymoma is accompanied by immunological disorders in the form
of the reduction in the PI and the PN as well as the levels of
CD4+ and CD8+ clusters. Clinical and immunological
comparison depending on the size of thymoma and its histologic
type showed that the severity of myasthenic symptoms and
immunological disorders do not depend on the size of thymoma.
At the same time, various histologic types of thymoma are
characterized by various clinical manifestations of myasthenia
gravis and immunological disorders.

For example, lymphoepithelial and epithelial thymomas were
accompanied by considerable weakness of the limbs as well as
bulbar muscles, which was combined with equally directed
impaired T-cell immunity - a significant reduction in the levels
of CD3+ and CD4+ subpopulations and the tendency to the
reduction in the levels of CD8+ clusters.

The differences in immunological disorders were associated
with the primary immune response: myasthenia gravis secondary
to lymphoepithelial thymoma was accompanied by a significant
reduction in the PI and the PN; myasthenia gravis with co-existent
epithelial thymoma was accompanied by a significant reduction
in the PI and increase in the PN and the PCI.

In case of lymphoid thymoma, myasthenic symptoms are
characterized by a predominance of limb lesions; they are
accompanied by significant (compared to that in the control group
and other groups) reduction in the PI, the PN, subpopulations of
CD8+ and increase in CD4+ levels.

Surgical treatment was used in all cases as a radical method
of immunosuppression. It should be noted that 80% of patients
in the postoperative period had a tendency to myasthenic
syndrome regression and reduction in neostigmine methylsulfate
dosage. 3% of patients (type AB thymoma) had a complicated
postoperative period (myasthenic crisis), which required
replaceable plasma exchange with the subsequent administration
of glucocorticoids (prednisolone).

Conclusions
The severity of the clinical course of myasthenic syndrome

secondary to thymoma does not depend on tumor size; it depends
on the histologic type and immunological imbalance. The severest
clinical picture was observed in patients with type AB thymoma
and the least severe course of myasthenic symptoms was found
in patients with lymphoid thymoma (type B1).

Lymphoepithelial and epithelial thymomas are accompanied
by similar immunological disorders. The reduction in the levels
of CD3+ and CD4+ lymphocyte subpopulations can be used as
a reliable diagnostic criterion.

Lymphoid thymomas are characterized by a significant
reduction in the indicators of the PI, the PN, and the level of
CD8+ lymphocyte subpopulations as well as an increase in the
level of CD4+ subpopulations.

Surgical treatment as a method of choice in case of radical
immunosuppression is indicated for all patients with confirmed
thymoma regardless of its size and histological characteristics.
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Резюме. Були проаналізовані результати клініко-імуноло-
гічного, інструментального та гістологічного дослідження 30 хво-
рих з міастенією на фоні тимоми. Ступінь тяжкості оцінювалася
за допомогою клінічної класифікації Myathenia Gravis Foundation
of America (MGFA 2001).

Для визначення бар’єрної функції фагоцитуючих клітин
методом світлової мікроскопії проводили оцінку активності
фагоцитозу нейтрофілів з подальшим визначенням фагоцитарного
індексу, фагоцитарного числа та індексу завершеності фагоцитозу.
Як мікробний агент використовували суспензію культури Saccha-
romyces cerevisiae. Забарвлення препаратів проводили методом
Романовського-Гімзе. Нейтрофільні лейкоцити виділялися з
лейкоцитарної суспензії периферичної крові.

Експресію кластерів диференціювання CD3+, CD4+ та CD8+
на субпопуляціях Т-і В-лімфоцитів оцінювали непрямим імуно-

ферментним методом з використанням моноклональних антитіл,
позначених FITC-барвником.

Для діагностики тимоми використовували спіральний ком-
п’ютерний томограф (СКТ) «Marconi» SeleCT/SP.

Для гістологічного дослідження отримані зразки тимом фік-
сували в 10% нейтральному формаліні протягом 24 годин. Мате-
ріал заливали в парафін після проводки через хлороформ зви-
чайним способом та виготовляли серії зрізів товщиною 5-7 мкм.
Препарати забарвлювались гематоксиліном і еозином.

У результаті проведеного дослідження було виявлено наступне.
Тяжкість клінічного перебігу міастенічного синдрому у разі тимом
не залежить від розміру пухлини, а залежить від її гістологічного
типу та імунологічного дисбалансу. Найбільш тяжка клінічна
картина спостерігалась у хворих з лімфоепітеліальною тимомою
(тип АВ), а найлегший перебіг - у хворих з лімфоїдною тимомою
(тип В1). Лімфоепітеліальні та епітеліальні тимоми супровод-
жуються подібними імунологічними порушеннями. Достовірним
діагностичним критерієм для них може використовуватися
зниження рівнів субпопуляций CD3+ та CD4+ лімфоцитів. Лім-
фоїдні тимоми характеризуються достовірно значущим зниженням
показників фагоцитарного індексу, фагоцитарного числа, рівня
субпопуляції CD8+ лімфоцитів та підвищенням субпопуляції
CD4+. Хірургічне лікування як метод вибору радикальної імуно-
супресії показаний всім пацієнтам з підтвердженою тимомою
незалежно від розміру та її гістологічної характеристики.

Ключові слова: міастенія, тимома, імунологічний дис-
баланс, електроміографія.

Received: 26.09.2016
Revised: 18.10.2016
Accepted: 24.10.2016

Резюме. Метою дослідження було вивчення особливостей змін
ЕКГ у хворих з ПАЛШ залежно від тактики лікування. Матеріал
і методи. Усього аналізу піддано результати обстеження 238 хворих
з ПАЛШ, які були розділені залежно від обраної тактики лікування:
оптимальна базова терапія (ОБТ), перкутанні втручання (ПКВ),
аортокоронарне шунтування (АКШ). Проводили запис,
моніторування та аналіз ЕКГ. Результати. Наші дослідження
показали, що схильність до тахікардії характерна для 50,0% хворих
першої дослідної групи. Найчастіше порушення проведення через
AV- з’єднання зустрічалися у хворих даної групи (значення PQ
інтервалу було у них 179,7±8,4 мс, що достовірно відрізнялося
від значень контрольної групи, 149,3±5,4 мс, р0,05). Найдовший
інтервал QT був також у хворих першої групи, котрий склав
532,4±27,3 мс, що було достовірно більше, порівняно з середнім
значенням як контрольної групи (438,7±24,6 мс), так і другої
дослідної групи (460,2±20,5 мс), відповідно, р0,05. Проведення
процедур реваскуляризації (у другій та третій групах) дозволило
досягти контролю ЧСС у 66,1% і 62,5% хворих відповідно.
Найчастіше ПБПНПГ була виявлена у хворих третьої дослідної
групи (47,9%), що більше, ніж удвічі переважало дані контрольної
та першої дослідної груп. Аналіз комплексів несинусового поход-
ження виявив високу частоту суправентрикулярних ектопічних
комплексів у хворих першої та третьої груп. А відсоток шлуноч-
кових ектопій був найвищим в третій групі, і склав 17,7%. Вис-
новки. За результатами дослідження виявлено, що хворі з ПАЛШ
мають схильність до тахікардії, але застосування процедур
реваскуляризації ЛШ дозволяє удвічі покращити контроль за ЧСС.
Також для осіб даної когорти характерний високий відсоток
порушень проведення імпульсів, як по передсердях та «AV-з’єд-
нанню», так і по ніжках пучка Гіса, причому застосування процедур
реваскуляризації не дозволяє оптимізувати дані феномени, а в
деяких випадках (після процедури АКШ) і підвищує ризик

виникнення ектопічних комплексів. Хворі з ПАЛШ, у порівнянні
з особами без аневризм ЛШ, мають достовірно подовжений інтер-
вал «QT» і, відповідно (поряд з частішим порушенням процесів
реполяризації), – вищий ризик раптової смерті, а застосування
процедури реваскуляризації шляхом черезшкірних втручань
дозволяє його значно знизити.

Ключові слова. Постінфарктна аневризма лівого шлуночка,
ЕКГ феномени, тактика лікування.

Постановка проблеми і аналіз останніх досліджень.
Однією з причин смертності від ІХС є формування у пост-
інфарктному періоді аневризми лівого шлуночка (ПАЛШ), – у
більшості випадків маркера несприятливого прогнозу [8].
Важливим фактором оцінки перебігу ПАЛШ є контроль змін
ЕКГ хворих. Так, за даними деяких авторів, еволюція хвилі
Т може відображати величину пошкодження при інфаркті
міокарда. В одному дослідженні, наявність поряд з Q-
зубцями негативних Т-зубців, що утримувалися більше
одного року, вказувало на трансмуральне пошкодження ЛШ,
в той час як їх позитивна полярність корелювала з нетранс-
муральним пошкодженням і наявністю живого міокарда ЛШ
[1]. Постінфарктні зміни ЕКГ можуть утримуватися на
протязі днів, тижнів, а інколи і довше [2]. Повна нормалізація
ЕКГ після Q-інфаркту міокарда відзначається нечасто, і
зустрічається хіба що при невеликих некрозах з наступним
покращенням скоротливості та фракції викиду ЛШ. Часто
така динаміка пов’язана зі спонтанною реканалізацією ін-
фаркт-залежної артерії або ж добрим колатеральним крово-
постачанням ураженої зони і вказує на сприятливий прог-
ноз. На противагу цьому, такі ЕКГ зміни, як Q-зубці, «за-


