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Preface

The thymus is a gland that over the last two centuries has generated great awareness
not only from the anatomical perspective but also for the physiological and patho-
logical roles it plays in many disease processes. Prior to the early studies on its
anatomy and physiology in the 18" century, the thymus was believed to perform un-
usual and curious functions such as purification of the nervous system, providing a
protective cushion for the vasculature of the superior mediastinum, fetal nourish-
ment, or more spiritual roles such as being the seat of the soul, among others. Dur-
ing the 19" century important anatomical/physiological studies took place focusing
on the role of the thymus in pathological conditions. However, it was not until the
middle of the 19" century that a more comprehensive analysis of the role of the
thymic gland and its role in pathogenesis began to emerge.

Currently, while the knowledge gained on the diverse aspects of the thymic gland
has furthered our understanding of its role in a gamut of processes, more knowledge
is still being sought, and by no means is a full understanding of the gland’s physiol-
ogy and pathology complete. Different aspects, including its purported endocrine
function, its association with other autoimmune diseases like multiple sclerosis,
rheumatoid arthritis, and lupus erythematosus, among others, are under evaluation
and research. In addition, surgical modalities in the treatment of pathological condi-
tions affecting the thymus gland are also under evaluation and scrutiny in order to
provide the best methodology. Therefore, our daily practice regarding diseases in-
volving the thymic gland has become a multidisciplinary approach in which experts,
including radiologists, neurologists, immunologists, pathologists, oncologists, and
surgeons, participate in the evaluation of patients.

Analysis of past and the present developments has afforded us the opportunity to
bring you an updated version of the thymic gland — its diagnosis and treatment. This
volume encompasses authors from four different continents and attempts to high-
light clinical, diagnostic, and therapeutic modalities. New pathological and onco-
logical classifications are carefully presented and discussed; the role of thy-
mopathies with special interest on myasthenia gravis is clearly addressed; and the
role of the different diagnostic imaging modalities, including PET and the different
surgical techniques, is carefully reviewed. Special emphasis is given to the surgery
of the thymus: the different approaches including open conventional, open video-as-
sisted, totally endoscopic, and robotic techniques, and the types of interventions in-
cluding the complex techniques in superior vena cava syndrome, and the re-inter-
ventions. As would be expected, an accurate analysis of the anesthesiological and
intensive care problems is also presented. From the oncological point of view, the
role of radiation, chemotherapy, and complementary treatments (steroids, oc-
treotide) is highlighted. In the section of myasthenia gravis, the effectiveness of
modern therapeutic protocols, the use of multimodal therapy, and the follow-up of
patients are carefully discussed. And finally, a chapter dedicated to one of the most
recent treatment modalities — thymic transplantation in the setting of some congeni-
tal thymic diseases — provides important insight to this text.
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In short, we hope that the current text will provide valuable information for those
involved in the diagnosis and treatment of patients with thymic pathology, and will
add significantly to the understanding of this complex gland.

July 2008 Corrado Lavini
Cesar A. Moran

Uliano Morandi

Rudolf Schoenhuber
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Corrado Lavini

The thymus is a lymphatic organ situated in the tho-
rax, known since the 1st century AD. The officinal
plant of the same name had been known for several
centuries, since the time of the ancient Egyptians
who, as it seems, appreciated its therapeutical prop-
erties. The name of the gland seems to come from the
thyme plant, possibly due to the resemblance — fair-
ly vague, to tell the truth — of the lobes of the gland
to the plant leaves (Fig. 1.1).

According to another hypothesis, the name comes
from the Greek OUp0g, which means smoke, spirit and
hence also soul, valor, courage: indeed, Greek physi-
cians believed that the thymus was the seat of the soul

i ot Ea b G s i
Fig. 1.1 Thymus vulgaris.Etching from the German edition
of “Discorsi sopra Dioscoride” by Pietro Andrea Mattioli,
Prague, 1563

aizd The Thymus from Antiquity
to the Present Day:
the History of a Mysterious Gland

due to the halo of mystery that surrounded it as well
as due to its close proximity to the heart [1, 2].

From this fanciful interpretation there comes the
culinary term of Latin origin still used today for the
gland in Italy, most especially if it refers to cows and
horses, animella (i.e., small soul) equivalent to
sweetbread.

The name and the first description of the thymus
probably date back to Rufus of Ephesus (98-117
AD), a Greek physician, known to have lived in
Alexandria and for some time in Rome under the
Emperor Trajan [3] (Fig. 1.2).

In particular, he studied the anatomy of the inner
organs and their nomenclature, writing as many as
twelve treatises of which only some fragments have
come down to us through Greek and Arab authors.
Most especially, he devoted himself to the study of the
heart, the pancreas, and the thymus. Regarding the lat-
ter, in his treatise “De corporis humani partium ap-
pellationibus,” Rufus wrote “Di ghiandole ce ne sono
molte, alcune nel collo, altre sotto le ascelle, altre nel-

Fig. 1.2 Rufus of Ephesus.Wellcome Library, London (UK)



2 C. Lavini

Uinguine, altre nel ganglio mesenterico; esse sono una
sorta di carni un po’ grasse e friabili. Tra queste ghian-
dole, c¢’e anche quella chiamata timo, posizionata sot-
to la testa del cuore, si orienta verso la settima verte-
bra del collo, e verso ’estremita della trachea che toc-
ca il polmone; non la si trova in tutti gli animali’[4]
(“There are many glands, some of which are in the
neck, others under the axillae, others in the groins, oth-
ers in the mesenteric ganglion; they are a sort of fair-
ly fat and friable flesh. Amongst these glands there is
the one called thymus, situated under the head of the
heart, oriented towards the seventh vertebra of the
neck and towards the end of the trachea that touches
the lung; it is not to be found in all animals”).

Galen of Pergamum (130-200 AD) was, togeth-
er with Hippocrates, the most famous physician of an-
tiquity. A follower of the Hippocratic theory of hu-
mours, he was the initiator of the experimental method
applied to the study of anatomy and pathology and
wrote over 400 texts: his propositions have dominat-
ed Western medicine for over a thousand years.

Galen only briefly dealt with the thymus in his
work “De usu partium corporis humani,” writing “La
vena cava si appoggia nella parete inferiore su una
ghiandola assai voluminosa e molle chiamata timo”
(“The inferior wall of the vena cava rests upon a quite
bulky and soft gland called thymus”) [5] (Fig. 1.3).

Galen also highlighted that this organ plays an
important role in the purification of the nervous sys-
tem and, most importantly, that the gland “¢ di di-
mensioni tutt’altro che trascurabili, ma anzi cospicue
specialmente nei cuccioli di animali, mentre diviene
progressivamente piu piccola con la crescita” (“is
far from being small, instead large, most especially

in young animals, and gradually dwindles with
growth”) [6, 7].

During the Early and Late Middle Ages, the thy-
mus seems to have been completely forgotten by
scholars: indeed, there are no descriptions of it in
Western and Arab treatises until the 15th century.

It was the Italian Jacopo Barigazzi, better known
as Berengario da Carpi (1466-1530) who redis-
covered the gland, which he discussed in “Com-
mentaria super Anatomia Mundini” (Fig. 1.4).

A most serious anatomist and surgeon — certain-
ly the greatest one before Andrea Vesalio — Beren-
gario became lecturer of Anatomy and Surgery at the
University of Bologna.

Eustachius and Phallopius referred to him as the
“refounder of Anatomy” [8].

He understood the great didactic value of anatom-
ic plates in the teaching of medicine: as a matter of
fact, his main treatises enclose detailed illustrative
drawings.

Drawing inspiration from Mondino de’ Liuzzi, he
made several surgical dissections describing in detail
the heart, the brain, the chyliferous vessels, the ver-
miform appendix, and the thymus.

Indeed, Berengario wrote. “... Il mediastino é
rappresentato da un pannicolo non nervoso ma lega-
mentoso... ha la funzione di dividere il polmone ed
il petto e di delimitare in tal modo eventuali danni
ad un lato solo e non ad entrambi... La sua natura
e fredda e secca... ¢ situato a meta del petto e col-
legato posteriormente alle vertebre dorsali ed ante-
riormente ad una ghiandola detta mora disposta
come una coperta davanti alle grandi vene ed arterie
ascendenti...” (“The mediastinum is represented by

Fig.1.3 Galen of Perga-
mum. Courtesy of Mu-
seum of Human Ana-
tomy “Luigi Rolando’
University of Turin (Italy)
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Fig. 1.4 Berengario da Carpi,"Commentaria super Anato-
mia Mundini;Bologna 1521.Courtesy of BEU, Modena (ltaly)

a ligamentous — rather than nervous — tissue... its
function is that of separating the lung from the chest
thus confining any possible damage to one of the two
sides only... Its nature is cold and dry... it is situat-
ed in the middle of the chest and connected posteri-

orly to the dorsal vertebrae and anteriorly to a gland
called mora placed like a blanket in front of the large
ascending veins and arteries”) [9].

Berengario also made a curious culinary digres-
sion on the thymus in “Isagogae breves in Anato-
miam humani corporis” when he wrote “...Vicino al-
la vena ascendente e verso la sua parte alta, sta un
organo ghiandolare che la copre a guisa di man-
tello. Questo organo risulta di dimensioni cospicue
e viene chiamato mora o timo. Dal volgo viene de-
nominato animella ed é tra i cibi di gusto molto sa-
porito, soprattutto quello del vitello e dell’agnello
da latte..” (“Close to the ascending vein and
towards its upper portion, there lies a glandular
organ that covers it like a cloak. This organ is quite
large and is called “mora” or thymus. Common
people refer to it as “animella” and as food it is very
tasty, most especially that from young calves and
lambs”) [10].

The Belgian André Vésale, better known as An-
drea Vesalio (1514-1564), was the greatest anatomist
of his time in that he laid the groundwork for mod-
ern anatomy (Fig. 1.5).

He was a lecturer of surgery in Padua and teacher
in Bologna and Pisa and ended his career in Spain
where he was the personal physician of Charles V
and Philip II.

Vesalio discussed the thymus in his main work
“De humani corporis fabrica librorum epitome” and,
in particular, in Chapter III he described the protec-
tive function of the organ acting as a cushion for the
vasculature of the superior mediastinum: “La vena
cava, salendo verso il giugulo, trova un organo
molle e ghiandolare che i greci denominarono timo

ANDREA VESALIO
1514 '

Fig. 1.5 Andrea Vesa-
lio. Courtesy of Museum
of Human Anatomy
“Luigi Rolando’ Univer-
sity of Turin (Italy)
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mentre i latini lo chiamarono molto pii comune-
mente animella. Questa stessa ghiandola viene al-
tresi assai nobilmente collocata per proteggere da
qualsivoglia danno la fitta rete di vasi che in que-
sta sede sono sospesi...” (“The vena cava, ascend-
ing toward the jugulum, finds a soft, glandular
organ that the Greeks called thymus and the Latins
called, more simply, ‘animella’. This same gland is
also very nobly placed to protect from whatsoever
damage the thick network of vessels suspended in
this area...”). In Chapter VI of this work Vesalio was
the first to reproduce the thymus in an anatomic
table. The gland appears to be small, multilobulat-
ed in shape and lying under the sternal manubrium
[11, 12] (Fig. 1.6).

The Italian Bartolomeo Eustachio (1500-1574)
was a most distinguished anatomist, chief physician
of the Pope and professor of Anatomy in Rome
(Fig. 1.7). He undertook important studies on the
anatomy of the inner ear, the kidney, and the teeth.

He was unable, for economic reasons, to publish
his valuable “Tabulae anatomicae”, which are said to
have been drawn by Titian; these were published
posthumously in 1714 thanks to another notable
physician and anatomist, Giovanni Maria Lancisi.

Eustachio did not discuss the thymus; rather, he
produced an anatomical drawing that was even more
precise than that by Vesalio: the gland appears to be
well defined, with an oval-shaped morphology and
situated in front of the trachea (Fig. 1.8).

A

Fig. 1.6 Andrea Vesalio, De humani corporis fabrica, Rep-
resentation of endothoracic organs with the thymic gland
(marked by letter F). Courtesy of Archiginnasio Library,
Bologna (Italy)

Fig. 1.7 Bartolomeo Eustachio. Courtesy of Wynn White
Photographies

Fig. 1.8 Bartolomeo Eustachio, Tabulae anatomicae. Rep-
resentation of the endothoracic organs and of the thymus
(modified). Courtesy of NLM, Bethesda MD (USA)
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The Frenchman Ambroise Paré (1510-1590) was
a great surgeon and served even five kings (Fig. 1.9).
He earned fame and prestige from the vast experience
he had gained on battlefields as army surgeon. He
devoted himself not only to surgery but also to anato-
my, introducing the work of Vesalio to his contem-
poraries.

The title of his main treatise is “Les oeuvres
d’Ambroise Paré, Conseiller et Premier Chirurgien du
Roy”: in book III he wrote “La Phagoue est une
glande de substance fort molle, rare et spongieuse de
quantité assez notable située sur les parties su-
périeures du thorax, entre les divisions des veines et
arteres sousclavieres ou iugulaires... elle servist de
deffense tant’a la veine qu’a l’artere, a I’encontre de
I’os du thorax... On la trouve fort notable et appar-
ente aux bestes et ieunes gens, mais a I’homme qui est
parvenu a son age, elle n’appert plus ou peu” (“The
thymus is a gland the substance of which is strong and
soft, rare and spongy. It is sizable and situated in the
upper part of the thorax among the subclavian and
jugular arteriosus and venous branches... it protects
them like a cushion from the thorax bone... The gland
attains a remarkable size in the young or in animals,
whereas in the elderly it is hardly visible”) [13].

The Swiss anatomist and physician Felix Plater
(1536-1614), professor in Basel, devoted himself to
the study of psychiatric diseases and is considered by
many to be the founder of modern psychiatry.

He was the first to discuss the thymus in a clini-
cal context in 1614, in relation to the sudden death
of a 5-month-old infant “from suffocation from a hid-
den internal struma about the throat” — bearing in
mind that the term “struma” at that time referred to
any type of tumor rather than solely to thyroid dis-
ease as is the case nowadays.

At autopsy, Plater reported: “We found the
gland in the region of the throat as a large pro-
truding tumor, one ounce in weight, spongy flesh-
ing and pendent, replete with veins, adhering by
membrane to the largest vessels adjacent to the
throat; these being filled with blood and flowing in-
to the struma, dilated it to such an extent that it
compressed the blood vessels in the locality; in
which manner I concluded that the child was thus
suffocated” 3, 14].

Francis Glisson (1597-1677) was a famous
English anatomist (Fig. 1.10). He taught at Cam-
bridge and devoted himself to the study of the
anatomy and physiology of the digestive system and
of the muscles.

He wrote a fundamental treatise on the anatomy
of the liver and one on children’s rickets. When
briefly discussing the thymus, he identified its func-
tion as that of producing a fluid for fetal nourishment
and growth.

The great anatomists of the 15th, 16th, and 17th
centuries had not significantly advanced the knowl-

Fig. 1.9 Ambroise Paré

Fig. 1.10 Francis Glisson
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edge of the thymus: from antiquity to the Baroque
Age, the notions about thymus remained substan-
tially unaltered.

This organ was still viewed as having a protec-
tive function, acting as a cushion for endothoracic
vascular structures and it was confirmed, as Galen
had said, that it could be sizable at birth and gradu-
ally dwindled with age: allegedly, this explanation
was not enough to clarify its morphological and func-
tional aspects.

More than a century away, the anatomy and phys-
iology of this enigmatic organ started to be studied
with scientific method and rigor.

For some time in the 18th century the prevalent
theory was that the thymus was someway involved
in regulating the fetal and neonatal pulmonary func-
tion and was defined as the “organ of vicarious res-
piration” [1].

Another hypothesis was that the thymus merely
had the function to fill the endothoracic space that
would be later on occupied by the lungs of the grow-
ing neonate [1].

Knowledge of the thymus gathered momentum
with the advent of the optical microscope. It was in-
vented by the Dutchman Antoine van Leuwenhoek
(1632-1723) who was the first to study the capillary
network; later on, it was used by the great Italian
anatomist Marcello Malpighi (1628-1694) and en-
abled him to discover human cells.

The systematic use of the optical microscope
soon allowed the acquisition of new important
knowledge in terms of normal anatomy, physiology,
and pathological anatomy.

The English surgeon, anatomist, and physiologist
William Hewson (1739-1774) was rightfully defined
as the father of hematology (Fig. 1.11).

Using the optical microscope, he gained funda-
mental insights into blood cells and on the physiol-
ogy of coagulation. He studied the lymphatic system,
the spleen, and the thymus.

In 1774 he published the first scientific treatise on
the thymus, describing its change in size with aging
and identifying for the first time its lymphatic nature
[15]. Indeed, he noted that the gland was disseminat-
ed with “particles” similar to those found in peripher-
al blood and in the lymph and thought that the thymus
worked in the early months of life when the organism
most needed these “particles” [16]. As a matter of fact,
he wrote “The thymus gland we consider an ap-
pendage to the lymphatic glands, for the more per-
fectly and expeditiously forming the central particles
of the blood of the foetus, and in the early part of life.
We have proved that vast numbers of central particles
made by the thymus and the lymphatic glands are

Fig. 1.11 William Hewson.Wellcome Library, London (UK)

poured into the blood vessels through the thoracic duct
and if we examine the blood attentively we see them
floating in it. Nature surely would not make so many
particles to answer no purpose! What then becomes
of these particles after they are mixed with the circu-
lation blood? ... They are, we believe, carried with the
blood to the spleen... and the spleen has the power of
separating them from other parts of the blood” [17].

Hewson correctly sensed that the lymphatic sys-
tem was a unitary one. He pointed out that “By the
lymphatic system and its appendages we mean the
lymphatic vessels, the lymphatic glands (nodes), the
thymus and the spleen. At first view it may seem ex-
traordinary that nature should have given so many
and so complicated organs to form only part of the
blood, when she effects other secretions by organs
apparently more simple; but our surprise must cease
when we reflect that upon a due formation of these
particles, not only the various functions of the body
but the very existence of the animal, in a great mea-
sure, depends” [17].

Finally, he confirmed that the thymus becomes
smaller with aging and assumed that some other tissue
could take on its functions during mature age but he
also found that the size of the organ can be rapidly re-
duced in the course of acute and chronic diseases [17].

The Englishman Sir Astley Paston Cooper
(1768-1841), who was the personal physician of
three kings, was the first surgeon to be appointed
Baronet (Fig. 1.12).
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Fig. 1.12 Sir Astley Paston Cooper

He was lecturer of Anatomy in London and ex-
tensively devoted himself to the surgical practice. He
wrote valuable treatises, all with elaborate illustra-
tions, on abdominal herniations, the pathology of the
breast and of the testicle, and on bone fractures.

In 1832 he published “The Anatomy of the Thy-
mus Gland”, which was a summary of its vast expe-
rience with animal dissections. The treatise com-
prised, besides accurate descriptions and illustrations
of the thymus, also three pages focusing on the
pathology of the gland, including the first description
of malignant thymoma [1, 3].

Cooper confirmed the significant volumetric and
structural variability of the gland over the years and dis-
agreed with those theories that saw the thymus as an
organ the mere function of which was to fill, in the fe-
tal age, the space destined to be occupied by the lungs:
“That an important function must be performed by an
organ... so large... and secreting abundantly, no one
who duly considers the subject can for a moment hes-
itate to acknowledge. .. I cannot subscribe to the opin-
ion...[that] this gland is designed merely to fill a space
wich the lungs... may be destined to occupy” [18].
Still, he did not disagree with Glisson’s old theory on
the role of the gland in the growth of the foetus.

Twelve years after the publication of Astley
Cooper’s essay, the London surgeon Sir John Simon
(1816-1904) published a new treatise on the thymus,
entitled “An Essay on the Physiology of the Thymus
Gland” [19] (Fig. 1.13).

Fig. 1.13 Sir John Simon.Wellcome Library, London (UK)

The work of John Simon represented for years a
hallmark for the anatomy and physiology of the thy-
mus, even though the author concluded, thus prov-
ing that he was still relying on outdated notions, that
the thymus is “the sinking fund in the service of res-
piration [1].

Arthur Hill Hassall (1817-1894), an English-
man, was a physician and a chemist (Fig. 1.14).

He was interested in anatomy, physiology, patho-
logical anatomy, chemistry, botany, and public hy-
giene.

In 1846 he published the first text in English on
microscopic anatomy: “The Microscopic Anatomy of
the Human Body in Health and Disease”.

Hassall, using the latest and most advanced mod-
els of optical microscope, described with H. Vanars-
dale the histological differences between the thymus
and the other lymphatic organs [1, 20].

In 1849 he discovered, in the medullary portion,
the spherical corpuscles of epithelioid cells in corneal
transformation thus named [21].

On the verge of the 20th century, the anatomical
and histological knowledge relating to the thymus
could be said to be well established: there were no
doubts on the lymphatic nature of this organ and on
the fact that it was somehow of fundamental impor-
tance, most especially during fetal life and the pedi-
atric age when it could attain a very large size.

For sure, it is peculiar that it took two millennia
for the history of medicine to throw light on just two
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Fig.1.14 Arthur Hill Hassall. From Science & Society Picture
Library, London (UK)

anatomical and descriptive aspects of the gland,
which had been considered as the organ of mystery
for centuries.

There still lacked objective and definite data on
what could be the actual role of the thymus in phys-
iology and pathology. In particular, hypertrophic-hy-
perplastic and neoplastic conditions had not been
clarified: for these reasons, the organ remained for
years a sort of scapegoat and a victim of the scien-
tific approximation that lingered on, and the gland
was seen as the cause for a diverse range of pediatric
diseases [1].

The great German pathologist Rudolf Wirchow
(1821-1902) was interested in cellular pathology
and significantly contributed to the study of
leukemias and thrombosis (Fig. 1.15).

He took a minor interest in the thymus and rein-
stated the validity of the notion of “thymic asthma”
(first coined by J.H. Klopp in 1830) from compres-

Fig. 1.15 Rudolf Virchow. Wellcome Library, London (UK)

sion by a hypertrophic thymus of the large airways
and in particular of the trachea [22].

The notion of “thymic asthma” was for decades
associated to that of “thymic death”: indeed, it was
thought that the thymus could be involved in seem-
ingly unexplained sudden deaths, most especially at
the pediatric age. The anatomical pathologists of the
early 20th century already insisted on the danger of
death caused mechanically by hypertrophy and hy-
perplasia of the gland, either during a paroxystic fit
of asphyxia or sudden syncope or during surgery. As
a matter of fact, the notion of “thymic death” result-
ed from finding at autopsy a large thymus that was
thought to cause compression of vital mediastinal
structures like the large vessels and the trachea [23].

The Austrian medical examiner Arnold Paltauf
(1860-1893) was the first to introduce the term “sta-
tus thymolimphaticus™ in 1889 to indicate a consti-
tutional disorder said to entail widespread hypertro-
phy of the entire lymphoid tissue, including the thy-
mus, which, thus enlarged, could cause infant sudden
death [24, 25].

The notions of “thymic asthma”, “thymic death”
and “status thymolymphaticus”, persisted for almost
one century, leading to completely misleading con-
clusions in terms of diagnosis and therapy.
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In 1896 the German surgeon Ludwig Rehn
(1849-1930) did the first surgery ever done on thy-
mus in humans on a patient suffering from respirato-
ry distress: he did transcervical thymopexy and de-
livered the enlarged gland upwards fixating it to the
posterior lamina of the sternal manubrium. Some time
later, in light of the poor outcome of the previous thy-
mopexy, in another, similar case, the same surgeon
decided to perform a partial thymectomy [3, 26].

In the early 20th century, thymectomy in in-
fants/children with thymic hypertrophy and respirato-
ry distress became widely accepted [27] (Fig. 1.16).

A renowned US radiologist, Henry K. Pancoast,
well-known for his investigations into lung cancer,
at the beginning of the last century reaffirmed the no-
tion that a large thymus could cause a range of dis-
eases (bronchitis, bronchopneumonia, tubercular and
non-tubercular adenitis, sinusitis) and suggested that
prolonged preoperative fluoroscopy and significant
exposure to radiation were necessary in infants/chil-
dren to find enlarged thymus [28].

In 1907 the Cincinnati (USA) pediatrician Alfred
Friedlander reported the first case of thymic hy-
pertrophy successfully treated with irradiation of the

i

Fig.1.16 Child with respiratory distress undergoing surgi-
cal removal of hypertrophic thymus. From a medical text-
book of 1912 [27]. With kind permission of Springer Science
and Business Media, Heidelberg (Germany)

gland. It was a 2-month-old infant with paroxystic
dyspnea attacks. The author enthusiastically report-
ed that “the procedure is of course infinitely simpler
than removal of the thymus by surgical means, and
it would seem justifiable to hope that in the X-ray we
have a valuable therapeutic resource for the treat-
ment of what has heretofore been considered an al-
most desperate condition” [3,29].

Since then, thousands of children and adolescents
received radiation to prevent or treat “status thy-
molymphaticus”; some pediatricians even advocated
prophylactic irradiation of all neonates [3, 30-32].

Only some years later did they start to throw
light on the risk for these irradiated patients to de-
velop neoplasms, most especially of the thyroid and
of the breast.

At last, in 1945, in the first edition of “Paediatric
X-Ray Diagnosis,” the American radiologist John
Caffey confirmed that “... a causal relationship be-
tween hyperplasia of the thymus and sudden unex-
plained death has been completely refuted... Irradi-
ation of the thymus... is an irrational procedure at
all ages” [1, 33].

In 1899 the German neurologist Hermann Hop-
penheim was the first to point out a possible asso-
ciation between myasthenia gravis and diseases of
the thymus, reporting the case of a myasthenic pa-
tient with a thymoma found at autopsy [34].

The study of physiology continued in parallel
with the gaining of clinical knowledge on the thy-
mus.

The Scottish hematologist John Beard (1857-
1924) understood, like Hewson, that the gland was
part of the lymphatic system; still, he went further to
say that the role of the thymus was that of parent
source of all of the lymphocytes of the body. Indeed,
he wrote, at the beginning of the 20th century, that
“The thymus must be regarded as the parent source
of all the lymphoid structures of the body. It does not
cease to exist in later life no more than would the An-
glo-Saxon race disappear were the British Isles to
sink beneath the waves. For just the Anglo-Saxon
stock has made its way from its original home into
all parts of the world, and has there set up colonies
Jor itself and for its increase, so the original leuko-
cytes, starting from their birth place in the thymus,
have penetrated into almost every part of the body,
and have there created new centres for growth, for
increase, and for useful work for themselves and for
the body” [35].

It was not until the second half of the 20th cen-
tury that scholars gained an insight into the central
function of the organ as part of the immunocompe-
tent system [2].
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Since the beginning of the last century the treat-
ment of thymus-related diseases mainly involved sur-
gical treatment.

The Swiss Ernst Ferdinand Sauerbruch (1875-
1951), regarded as the father of thoracic surgery, was
professor of surgery at the Universities of Zurich,
Munich, and Berlin (Fig. 1.17).

He did the first cervicotomic total thymectomy in
1911 on a 19-year-old girl with myasthenia gravis
and hyperthyroidism, and in 1930 he did the first
thymectomy with thoracotomic approach on a patient
with malignant thymoma [3].

The US surgeon Alfred Blalock (1899-1964) was
the pioneer of heart and thoracic surgery (Fig. 1.18).

In 1936 Blalock did the first thymectomy via me-
dian sternotomy. Furthermore, he had a fortunate in-
sight: he successfully suggested thymectomy for
myasthenic patients, including those without ac-
companying thymoma; since then this indication
was followed throughout the world [3, 36-38].

Douglas R. Gracey and co-workers, surgeons at
the Mayo Clinic (Minnesota, USA), in 1982 sug-
gested manubriotomy as a sparing procedure com-
pared to total median sternotomy during thymecto-
my in patients with myasthenia gravis [39].

The advent of video-assisted thoracoscopy
brought with it the first video-assisted minimally in-

Fig. 1.17 Ernst Ferdinand Sauerbruch. Wellcome Library,
London (UK)

vasive surgery of the thymus: the US surgeons Rod-
ney J. Landreneau and David J. Sugarbaker were
the first to do, in 1992 and 1993 respectively,
thymectomy with thoracoscopic access [40, 41].

In 2001, the Japanese Ichiro Yoshino did the first
robotic thymectomy on a patient with a Masaoke-I
thymoma [42].

The discovery of serious forms of congenital im-
munodeficiency from aplasia or hypoplasia of the
thymus (DiGeorge’s syndrome, Nezelof’s syn-
drome) provided a stimulus, starting from the end
of the 1960s, for investigations into thymus trans-
plantation.

The US pediatricians Charles S. August,
William W. Cleveland and co-workers in 1968 and
Richard Hong in 1976 were the pioneers of this type
of research.

Today, using appropriately prepared cultures of
postnatal thymus to be implanted in the thigh or the
omentum, very encouraging results can be obtained,
especially in the DiGeorge’s syndrome [43-45].

The last decades of the 1900s were devoted to
further clarify the complex functions of the thymus,
thus finally doing justice to a gland that had been so
ill-treated in the past. Light was thrown on the neu-
roendocrine regulation of the gland and on its role in
the maturation of immunocompetent T-cells, in the

Fig. 1.18 Alfred Blalock. Photo UA24-005412. Courtesy of
IUPUI University Library Special Collections and Archives, In-
dianapolis, IN (USA).
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development of immune tolerance, in the prevention
of auto-immune diseases and the supposed secretion
of hormones or peptides such as thymolin, thy-
mopoietin and thymosin alfa-1 [46].

To conclude this brief overview of over 20 cen-
turies, it can undoubtedly be said that the thymus has
had an unusual — to say the least — history: present-
ed as the seat of the soul by the Ancients; disre-
spected or forgotten altogether in the Middle Ages,
the Renaissance and the Baroque Age; gradually
revalued starting from the Age of Enlightenment and
finally given its correct and fundamental role during
the last century.

Today we know everything, or almost every-
thing, about the thymus. Its vital function as pre-
cursor and coordinator of immunity (acting like a
sort of control room of the defense systems of the
organism) is widely acknowledged; likewise, we
have gained well-established knowledge on the dis-
eases of the gland and on the relationships with
other autoimmune diseases, most especially myas-
thenia gravis.

Can we say, as a result of the foregoing, that we
have come to the end of the journey that has led to
knowledge of this organ?

Well, not quite, perhaps. Indeed, we believe that
such a complex gland, that has remained a mystery
for such a long period of time, is going to amaze us
further and that in the coming years it might keep
surprising us.
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Thymus Gland
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Introduction

The thymus is a lymphoepithelial organ, whose func-
tion was long obscure. It is now well established that
it is one of the primary central lymphoid organs, the
other being the red bone marrow, from which it re-
ceives T-lymphocyte precursors. The thymus gland,
while providing thymus-processed T-lymphocytes
to the entire body, also produces some special hu-
moral secretions and may thus also be regarded as an
endocrine organ. Though it undergoes a drastic
diminution in size with age (vide infra), it is now well
established that it remains active even into old age.
Certain diseases significantly accelerate its physio-
logical involution.

Embryology

According to the classical view, the thymus derives
from the endoderm of the 3rd pharyngeal pouch on
both sides. The 3rd pharyngeal pouch gives origin
ventrally to the thymus and dorsally to the 3rd
parathyroid gland, whereas the 4th pharyngeal pouch
gives origin to the 4th parathyroid and the ultimo-
branchial body. In recent years, however, most em-
bryologists have tended to support the hypothesis
that the thymic epithelium (thymic epitheliocytes) de-
rives from both ectoderm and endoderm of the 3rd
and often 4th pharyngeal pouches; these components
are thought to interact with the associated mes-
enchyme, which derives from the neural crest at the
stage of 10 somites (23 days) [1, 2], to trigger thy-
mus development.

During the earlier stages of thymus descent, the
related 3rd parathyroid moves down with the whole
3rd pouch thus explaining, in later stages, the normal
lower position of this parathyroid as compared with
the 4th parathyroid. In embryos of about 20 mm, the
3rd parathyroid separates from the corresponding
pouch, thus freeing completely the ipsilateral thymic
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bud. Prior to this separation the thymus rudiments
cannot be recognized. The two thymic buds meet
ventrally to the aortic sack and are subsequently
joined by connective tissue only. The connection
with the 3rd pouch is then lost, but sometimes a sol-
id cellular cord (or stalk) may persist. After the sep-
aration from the 3rd parathyroid, the cells of the thy-
mus form a densely packed epithelial mass, endo-
dermal in origin. Later, they are more loosely
arranged to form an epithelial reticulum (cytoreticu-
lum), in which lymphoid stem cells soon appear;
these have migrated from the bone marrow. The vas-
cular mesenchymal tissue, accompanied by vagal
nerve fibers, invades the gland in such a way as to
produce its lobulated appearance. The differentiation
of thymic medulla and cortex takes place in embryos
of about 40 mm in length. The medulla arises in the
central portion of the thymus and the deep portions
of the lobules by hypertrophy of the cytoreticulum,
accompanied by degeneration or migration of thy-
mocytes. Later Hassall’s corpuscles appear as invo-
lutive clusters of the cytoreticulum. As of the
10th week, more than 95% of cells belong to T-lin-
eage with few erythroblasts and B-lymphocytes.
Cells of the macrophage lineage enter the medulla
starting from the 14th week. The thymus appears to
be completely differentiated by the 17th week, and
thereafter the main type of thymocytes, the so-called
TdT*, will be produced throughout the whole life.

Gross Anatomy

The size of the thymus undergoes considerable
changes with age. At birth it weighs 10-15 g; it grows
until puberty when it reaches its maximum weight of
30-40 g. Thereafter, it undergoes a physiological in-
volution and transforms into the retrosternal adipose
body. After middle age it may weigh 10 g, but in cer-
tain cases it remains large, weighing up to 50 g [3].

The appearance of the thymus also changes with
age. At birth it is pinkish; it becomes gray during in-
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fancy and yellow in adulthood. It is classically de-
scribed as a single median organ with two lobes, but
each lobe develops from the pharyngeal pouch of the
corresponding side; thus there are, strictly speaking,
a right and left thymus.

The thymus has a pyramidal shape with a lower
base and two upper horns. It lies in the anterior me-
diastinum, extending above into the neck, where its
horns may reach the lower poles of the thyroid
gland; strands of connective tissue usually connect
the two organs. Below it extends to the 4th-5th
costal cartilages. The anterior surface is related to the
sternum, the four upper costal cartilage and the in-
sertions of the sternohyoid and sternothyroid mus-
cles. In the front of the neck, the thymus is anterior-
ly in relation with the infrahyoid muscles ensheathed
by the middle and superficial cervical fasciae. The
posterior surface is connected to the upper peri-
cardium, the aortic arch with its branches, the left
brachiocephalic vein and the front and sides of the
trachea. Laterally the thymus is related to the medi-
astinal pleurae, lungs and phrenic nerves, particular-
ly the left one.

Small accessory thymic nodules may be present
in the neck, as a result of their detachment from the
main organ during its early descent.

Microscopic Structure

The microscopic components of the mature thymus
derive from several sources: epithelial derivates from
the pharyngeal wall, mesenchyme, hemolymphoid
cells, and vascular tissue. These components form a
network in which they interact functionally to pro-
vide the thymus with its unique immunological prop-
erties.

Thymus microarchitecture includes two distinct
parts: an outer cortex and an inner medulla. Septa of
loose connective tissue extend from the capsule in-
side the cortex, thus dividing it into lobules of vari-
ous sizes, their diameter ranging between 0.5 and
2.0 um (Fig. 2.1). Both cortex and medulla are per-
meated by a framework of reticular fibers and by a
peculiar network of epithelial cells joined by both
simple contacts and specialized junctions. As regards
the lymphoid tissue, it mostly pertains to cells of T-
lymphocyte lineage, known as thymocytes; these are
numerous and closely packed in the cortex. The
medulla contains few lymphoid cells and the char-
acteristic Hassall’s corpuscles (vide infra). The con-
nective septa separating adjacent lobules contain
blood vessels, nerves, and efferent lymphatics.

Z&'I-h.': LS T o T

Fig. 2.1 Light micrograph of neonatal human thymus
showing its lobular architecture. In each lobule a pale
medullary core appears to be surrounded by a dark stained
cortex.Note the higher cellular density in the cortex with re-
spect to the medulla. Haematoxylin-Eosin stain (specimen
prepared by the Department of Anatomy and Histology of
University of Modena and Reggio Emilia)

Epithelial Framework

A distinct feature of the thymus with respect to oth-
er lymphoid organs, whose stroma is only composed
of a reticular collagenous framework, is that it is fur-
ther supported by a network of finely-branched ep-
ithelial reticular cells (thymic epitheliocytes) forming
a three-dimensional network of meshes in which
lymphoid cells are entrapped. These epitheliocytes are
interconnected with each other by cell-to-cell contacts
and perform a pivotal role in determining a microen-
vironment containing soluble factors and cytokines
essential for the development of thymocytes.

Thymic epitheliocytes are present throughout the
cortex and medulla; histologically, however, they are
more easily identifiable in the cortex.

Six different types of thymic epitheliocytes may
be distinguished (Fig. 2.2): type-1 epitheliocytes
have a subcapsular and perivascular location, types
2-4 are located in the cortex and types 5-6 are pre-
sent in the medulla. Type-1 epitheliocytes carpet the
internal outline of the thymus as well as the perivas-
cular spaces, passing through the cortico-medullary
boundary. They are flat, with a well-defined basal
lamina, and display a few, short cisternae of granu-
lar endoplasmic reticulum and tubular complex of
unknown function. A feature of type-1 epitheliocytes
is to secrete hormones [4] and factors attracting
stem cells [5]; cortical epitheliocytes are often
branched and separated by wide intercellular spaces.
Type-2 epitheliocytes extend from the cortex to-
wards the medulla; their size is larger then type-1 ep-
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Fig.2.2 Schematic drawing showing the location of the var-
ious types of epitheliocyte in the thymic parenchyma.Type
1 epitheliocytes in yellow, type 2-4 epitheliocytes in orange,

type 5 epitheliocytes in green, type 6 epitheliocytes in blue

itheliocytes and display small Golgi apparatus and
long cytoplasmic processes (up to 100 micra). Type-
3 epitheliocytes are large and pale, while type-4 ep-
itheliocytes appear dense and smaller than the former.
Epitheliocytes of the medulla tend to form solid
cords and often appear keratinized and stratified
when forming Hassall’s corpuscles. Type-5 epithe-
liocytes are very small cells without any specialized
function. Type-6 epitheliocytes are the more common
epithelial cells in medulla. They are variously
shaped: the spindle ones secrete thymic hormones,
while the flat ones also form Hassall’s corpuscles.

Hassall’s corpuscles (or thymic corpuscles), dis-
covered by Arthur Hill Hassall in 1849, are formed
by types 4 and 6 epitheliocytes. They appear as clus-
ters of flattened cells arranged like onion skins,
whose diameter ranges between 30 and 100 micra
and whose center often contains cellular debris
(Fig. 2.3). They start to form before birth and their
number increases with age. The function of Hassall’s
corpuscles is currently unclear; it is known that they
are a potent source of the cytokine TSLP (Thymic
Stromal Lymphopoietin). In vitro, TSLP directs the
maturation of dendritic cells, and increases the abil-
ity of dendritic cells to convert naive thymocytes to
a Foxp3+ regulatory T-cell lineage [6]. It is unknown
whether this is the physiological function of Hassall’s
corpuscles in vivo.

showing in the medulla three Hassall's corpuscles sur-
rounded by many thymocytes. Haematoxylin-Eosin stain
(specimen prepared by the Department of Anatomy and
Histology of University of Modena and Reggio Emilia)

Thymocytes

Thymic lymphocytes (thymocytes) form about 90%
of total thymus weight and are located in both cor-
tex and medulla but with a different density. They en-
ter the thymus from the yolk sack and the liver (in
their hemopoietic phase) during the life of the em-
bryo, and from bone marrow after birth. The thymo-
cyte precursors, which circulate in the bloodstream,
are generally attracted by thymic chemotactic sub-
stances and enter the thymus parenchyma. In the cor-
tex, thymocytes occupy both the outer and the deep-
er zones, where they undergo mitosis. As the differ-
entiating T-cell clones mature, they gradually move
deep into the cortex towards the medulla. It has been
observed that the closer the thymocytes to the ep-
itheliocytes, the better their conditions for prolifera-
tion and differentiation [7]; indeed, type 2 and 3 ep-
itheliocytes are also named thymic nurse cells (TNC).
Notwithstanding the fact that the exact nature of ep-
itheliocyte-thymocyte interactions are still unclear, it
seems likely that epitheliocytes release soluble mi-
togenic and differentiating factors which, in turn, are
triggered by dynamic intercellular contacts with the
transforming thymocytes. During the process of their
maturation, thymocytes acquire in sequence the
CD3+ marker and various T-cell receptors (TCR),
thus switching into the different subclasses of T-cells.

The thymocytes are not immunocompetent with-
in the cortex; as their differentiation progresses the
thymocytes enter the medulla (becoming postthymic
thymocytes or T-lymphocytes) and thus attain matu-
rity. This is in line with the existence of antigen-pre-
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senting cells and plasma cells in the medulla: hence
it is not surprising that T-lymphocytes can also be ac-
tivated within the thymus, though few in number. An-
other possibility is that thymocytes achieve maturi-
ty when they reach their secondary lymphoid tissue
destinations.

During the maturation process, four cell types can
be recognized, each of them of different proportions
corresponding to small, medium and large thymo-
cytes. (1) Double negative cells (for CD4- and CD8-,
besides CD3-) are located in the subcapsular cortex
and are mostly large blast cells; when undergoing mi-
tosis these cells become smaller in size, display
TCR complexes and become CD3+. (2) Double pos-
itive cells (CD4+ and CD8+, besides CD3+) are lo-
cated deep within the cortex, are mostly small cells
and represent 80-90% of the thymocyte population.
While acquiring their immunocompetence, most of
the two types of thymocytes mentioned above will
die by apoptosis due to “mistakes” in their differen-
tiation process; they will then be removed by
mononuclear macrophages (vide infra). Thus, a pos-
itive selection takes place, resulting in (3) medullary
single-positive cells (positive only for one of the
markers CD4 or CDS); these are exported in order
to enter the peripheral lymphoid organs, where they
become fully immunocompetent. (4) Immunocom-
petent medullary single-positive cells are recirculat-
ing, activated T-cells which enter the medulla sec-
ondarily [8]. Besides these T-cell types, natural killer
cell lineages originate and are present in thymic
parenchyma. Immature B-lymphocytes are also pre-
sent in the thymus, but they come from the blood-
stream; like plasmacytes they are mainly located in
the medulla or around blood vessels at the cortico-
medullary junction. In this connection, it is interest-
ing to note that the contemporaneous presence of ma-
ture B-lymphocytes and recirculating activated
T-cells inside the medulla supports the hypothesis
that at least part of the medulla is more likely a sec-
ondary (“peripheral”) rather than a primary (“cen-
tral”’) lymphoid organ.

Thymic Macrophages

Mononuclear macrophages, which derive from the
bone marrow, form an important cell population in
the thymus. They are mostly located at the cortico-
medullary junction, where they phagocytize a huge
amount of differentiating thymocytes. Their macro-
phage activity is particularly devoted to remnants of
apoptotic thymocytes and to those undergoing erro-
neous differentiation. It has been suggested that this

substantial thymocyte destruction could prevent the
occurrence of autoimmune diseases.

Vascularization and Microcirculation

Thymus blood supply is provided by branches from
the internal thoracic artery and the inferior thyroid
artery and, occasionally, from the superior thyroid
artery; more rarely a posterior thymic artery derives
from the aortic arch or from the brachio-cephalic or
left common carotid arteries. The thymus does not
have a hilum, thus the arteries enter the organ
through the capsule and the interlobar septa, to reach
the gland parenchyma at the cortico-medullary junc-
tion. The drainage of the gland is performed by the
left brachiocephalic, internal thoracic, and inferior
thyroid veins.

Thymus microcirculation differs in the cortex and
medulla. In each lobe the vessels give off small cap-
illaries to the cortex and large vessels to the medul-
la. The cortical capillaries run along different depths
and join venous vessels at the cortico-medullary
junction. Some of them, smaller in diameter, reach
the capsule, where they join the large veins draining
the blood from the thymus. The main feature of cor-
tical capillaries is that they have a complete sheath
of epithelial cells that contribute to the formation of
the so-called blood-thymic barrier [9, 10]. Medullary
vessels are very variable in size; they drain into larg-
er veins that emerge medially from each thymus lobe.
The medullary capillaries are not ensheathed by ep-
ithelial cells, thus the blood-thymic barrier does not
exist in the medulla. At the cortico-medullary junc-
tion, some postcapillary venules are short and display
a particular high endothelium similar to those ob-
served in other lymphoid organs and tissues.

Lymphatics

Lymph vessels emerge from the cortico-medullary
junction and, passing through the extravascular
spaces along with blood vessels, leave the gland from
the capsule. Afferent lymphatics are absent in the
thymus.

Innervation

Thymus nerves are arranged in bundles and plexus-
es; their fibers derive from both the sympathetic
chain (via the stellate ganglion) and the vagus. A fur-
ther contribution to the thymus capsule innervation
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comes from the phrenic and descendens cervicalis
nerves. The two lobes have separate innervations
coming from their posterior, lateral, and medial
sides. Sympathetic and vagal innervations reach the
organ at different times: vagal branches come to the
thymus before its descent into the thorax, whereas the
sympathetic ones are distributed inside the gland on-
ly once it has reached its final location.

On the whole, the role of the nervous system in
thymus biology is still not yet well known. Most ner-
vous fibers are noradrenergic and associated with
blood vessels, where they form intricate ramifica-
tions in their adventia; thus they clearly have a va-
somotor function. The presence of cholinergic fibers
among the cells, particularly in the medulla, is still
a matter of speculation.

Thymic Hormones and Factors

The thymus produces a series of polypeptides which
display hormone-like properties, particularly, but not
exclusively, devoted to inducing immune function
maturation. The main substances released by the
gland are thymosins, thymulin, thymopentin and
thymic humoral factor (THF). The thymosins are a
family of biologically active peptides whose molec-
ular weight ranges between 1,000 and 15,000 Dal-
tons. Several of these small peptides, such as thy-
mosin-alpha-1 and thymosin-beta-4, have been syn-
thesized and shown to have important clinical
applications. The physiological processes that these
peptides affect include stimulation or suppression of
immune responses, regulation of actin dynamics and
cell motility, neuroplasticity, repair and remodeling of
vessels of the injured tissues, angiogenesis, and stem-
cell differentiation. Thymulin is a neuroendocrine
hormone having an immunoregulatory action, origi-
nally known as “serum thymic factor” (FTS) that
binds to a carrier protein and zinc to exert its biolog-
ical properties; it is also essential for T-lymphocyte
differentiation. Recently, thymulin has also been
shown to be involved in inflammation of various eti-
ologies. Thymopentin, also known as TP-5 (thymic
fraction V), is a synthesized derivative of thymopoi-
etin, a thymic hormone with immunoregulatory prop-
erties responsible for inducing T-cell precursors to dif-
ferentiate and mature. Thymic humoral factor (THF)
is a peptide hormone first isolated from calf thymus;
it has been shown to increase the number of T-lym-
phocytes and enhance cell-mediated immunity.
Thymic factors are often said to affect also other
endocrine organs and, in turn, hormones released
from endocrine glands can influence thymic function

and/or structure. However, the exact functional rela-
tionships between the thymus and the other endocrine
glands are far from being clearly established.

Thymus in Postnatal Life

After birth, the size and weight of the thymus increase
during the first year of life, achieving the mean weight
of 25 g; this weight remains fairly constant up to the
6th decade of life. Thereafter, the thymus decreases in
size and weight in parallel with changes in its micro-
scopic structure (a phenomenon known as “involu-
tion”), although thymocyte production and differenti-
ation persist throughout the whole life. The process of
thymus atrophy seems to be directed by high levels of
circulating sex hormones, and chemical or physical
castration of an adult results in the thymus increasing
in size and activity [11]. Upon atrophy, size and ac-
tivity are dramatically reduced, and the organ is pri-
marily replaced with fat, the retrosternal adipose
body (Fig.2.4). Four phases have been identified dur-
ing thymus involvement: until the 10th year of life, the
reduction on lymphatic tissue occurs at a rate of about
5% per year (I phase); from the 10th to the 25th year,
adipocytes start to infiltrate the perivascular spaces of
the medulla (/I phase); from the 25th to the 40th year,
as fatty atrophy proceeds involving the cortex, thymus
involution continues at a rate of 5% per year (/1]
phase); after the 40th year, however, the involution
rate decreases to 0.1% per year (IV phase). Notwith-
standing this remarkable involution, isles of function-
ing thymic tissue are also present in old age.

=

Fig.2.4 Light micrograph of adult human thymus showing
a massive adipose infiltration. Note the presence of active
thymic isles. Haematoxylin-Eosin stain (specimen prepared
by the Department of Anatomy and Histology of Universi-
ty of Modena and Reggio Emilia)
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Thymus Gland

Introduction

The thymus is a gland located in the upper anterior
portion of the chest cavity just behind the sternum.
Under the evolutionary pressure exerted by the emer-
gence of adaptive immunity and its inherent risk to
form receptors that recognize self molecules, this
gland appeared about 500 million years ago as a nov-
el structure that had the role of instructing T-cells in
order to prevent autoimmunity and orchestrate self-
tolerance. The thymus has thus become a crucial
lymphoid organ in which cells arriving from the bone
marrow undergo a finely tuned process of selection,
based on the specificity of T-cell receptors (TCRs),
and differentiate into mature T-cells. The develop-
ment of thymocytes involves a stringent selection in
which only 1-3% of these cells succeed in survival
and can leave the gland to colonize the periphery and
give origin to effective immune cells [1-3]. During
the maturation in the thymus, T-cells are first posi-
tively selected for “usefulness” [positive selection,
driven by the affinity of the clonotypic TCR for Ma-
jor Histocompatibility Complex (MHC) molecules]
and then negatively selected against autoreactivity
(negative selection, driven by the recognition of self
peptides on self MHC by the TCR, which triggers the
process of cell death). These intrathymic events are
governed by sequential interactions of thymocytes
with different stromal cell types during the migration
through the thymus, essentially from the external to
the internal part of the thymic lobuli. The mature
T-cells, called naive T-cells, leave the organ and con-
tribute to the peripheral T-cell pool.

The complex process of intrathymic maturation
of T-lymphocytes involves various thymic-specific
factors and several other molecules. Indeed, T-cell
maturation requires either direct cell-to-cell or
paracrine interactions, that occur via cytokines or
thymic hormones produced by the cells of the thymic
microenvironment.

For a long time the functions of the thymus have
remained obscure [4]. The first demonstration of its
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crucial role in the ontogeny and development of the
immune system was provided in 1961, when it was
shown that mice thymectomized immediately after
birth had poorly developed lymphoid tissues, im-
paired immune responses and susceptibility to infec-
tions [5, 6]. Although cells present in the thymus were
believed to be immunoincompetent, a few years lat-
er it was shown that they could proliferate after an
antigenic challenge and produce cells unable to syn-
thesize antibodies. Such cells were capable of en-
abling other lymphocytes to differentiate to anti-
body-forming cells. This was the first demonstration,
in mammalians, of the existence of two major subsets
of lymphocytes, now known as T- and B-cells. It re-
quired a re-evaluation of many immunological phe-
nomena, such as tolerance, memory, and autoimmu-
nity, and it was followed by a huge number of stud-
ies elucidating many of the mysteries of the immune
system [4, 7, 8].

Immune Functions of the Thymus

The development of T-cells in the thymus consists of
several processes that require the dynamic relocation
of developing lymphocytes into, within, and out of
the environments of the gland [9]. These processes
include:

Entry of lymphoid progenitor cells into the thy-
mus;

The generation of cells expressing both the CD4
and CD8 molecules on the plasma membrane, de-
fined “double-positive” (DP) thymocytes, at the
outer cortex of the thymus;

The positive selection of DP thymocytes in the
cortex;

The interaction of positively selected thymocytes
with medullary thymic epithelial cells (mTECs)
to complete thymocyte development and ensure
central tolerance (negative selection);

The export of mature T-cells from the thymus.
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Migration of Progenitors from Bone Marrow

In humans, lymphoid progenitor cells arrive into the
thymus at the eightth week of gestation [10, 11], and
the arrival is mediated by at least two different path-
ways: The vasculature-independent pathway, which
probably occurs during the very early stage of em-
bryonic development before vascularization of the
thymus, and the vasculature-dependent pathway,
which probably occurs in the late stage of embryo-
genesis and postnatally after vascularization.

It is thought that vasculature-independent colo-
nization of the fetal thymus is regulated by the
chemotactic attraction of lymphoid progenitor cells
to the thymic primordium. Different chemokines are
involved in fetal thymus colonization, but this
process still remains unclear, and some of these
chemokines (or other molecules exerting such func-
tion) are not fully characterized. In the postnatal thy-
mus, lymphoid progenitor cells that have just entered
the thymic parenchyma are found mainly in the area
close to the corticomedullary junction, where the vas-
culature is well developed. This suggests that this
area is the main port of entrance of the precursors in-
to the organ [12].

In the adult, the seeding of the progenitors in the
thymus is regulated by adhesive interaction between
platelet (P)-selectin glycoprotein ligand 1 (PSGL1),
which is expressed by circulating lymphoid progen-
itor cells, and P-selectin, which is expressed by the
thymic endothelium [13]. Interestingly, the entry of
lymphoid progenitor cells into the thymus is not a
continuous phenomenon, but an intermittent and
gated event that occurs in waves during embryoge-
nesis and in adulthood [9, 14-16].

The Development of Conventional T-Cells Bearing
an of-T-Cell Receptor

During thymic development, early T-cell progenitors
arrive from the bloodstream and undergo a complex
series of migration, proliferation, and differentiation
events before returning to the circulation as mature
T-cells. Each T-cell stage is characterized by the dif-
ferent expression of surface molecules, which con-
tribute to the maturation. Each event that drives T-
cell maturation takes place in a discrete region of the
thymus, and depends upon fine interactions with spe-
cialized resident cells that are present in discrete
anatomical regions. The positive selection of cells
bearing as TCR a heterodimer formed by the o and
the 3 chain (named af3-T-cells) occurs mainly in the
cortex. This selection involves a weak recognition of

self-peptides bound to MHC molecules expressed on
cortical thymic epithelial cells (cTECs) by the new-
ly formed a.-TCR expressed by on cortical thymo-
cytes, resulting in thymocyte survival and matura-
tion.

The central medullary region of the thymus is the
main site where negative selection occurs, after a
strong recognition of self peptide-MHC complexes
displayed on cells such as thymic dendritic cells and
mTECs. Thymocytes whose TCR recognize self
antigens trigger the process of cell death/apoptosis
[9, 17]. Following entry into the thymus, lymphoid
progenitor cells begin their development into T-cells
through the developmental pathway. Thymocytes
move from the cortico-medullary junction to the sub-
capsular region of the thymic cortex [12]. In the first
stage thymocyte progenitors are characterized by the
absence of the co-receptors CD4 and CDS, and of the
a chain of IL-2 receptor (CD25), and by the expres-
sion of CD44 (a glycoprotein involved in cell-cell in-
teractions, cell adhesion, and migration). These thy-
mocytes, called CD4-CD8-CD44+CD25-double-
negative 1 (DN1) cells, are found near their site of
entry, namely at the corticomedullary junction.

The slightly more mature CD4-CD8-CD44+
CD25+DN2 subset (which expresses CD25) is found
throughout the cortex, whereas the CD4-CDS§-
CD44-CD25+DN3 subset (that looses CD44) is con-
centrated in the outermost part of the thymus, just be-
low the thymic capsule [12]. Several chemokine re-
ceptors, including CXCR4, CCR7, and CCR9Y, are
likely involved in the movement of immature thy-
mocytes [18-20]. In the thymic cortex, going to the
subcapsular region, DN thymocytes begin to re-
arrange the locus that codifies for the TCR-f chain.
Cells that succeed in generating the in-frame [ re-
arrangement begin assembling TCR-{ and pre-TCR-
a (pTa) chains to form the pre-TCR complex present
on the cell surface [21,22]. The successful expression
of the pre-TCR complex on the cell surface [22, 23],
along with the 6-Notch interaction, initiates the sig-
nals for further development to CD4+CD8+DP thy-
mocytes that express a TCR-aff receptor [24]. This
is the first checkpoint of T-cell development at the
DN3 stage, which censors the cells that have suc-
ceeded in performing a functional TCR-f rearrange-
ment, and allows further development of thymocytes
beyond the DN3 stage. The subcapsular region of the
thymus is rich in transforming growth factor-p (TGF-
(), which retards the cell-cycle progression of pre-DP
thymocytes and controls the generation of DP thy-
mocytes [25], indicating that the migration of pre-DP
thymocytes to the subcapsular region might have a
role in regulating the rate of production of such cells.
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The progression from the DN1 to DN3 stage is also
regulated by an interplay of Notchl and interleukin-
7 (IL-7) receptor signaling. During these phases, re-
arrangements of different loci (y, 8, and 3) of the TCR
occur. Successful (in-frame) TCR-f rearrangement al-
lows DN3 thymocytes to assemble pre-TCR com-
plexes to induce “B-selection”. This process allows
DN3 thymocytes to survive, proliferate, and generate
a large pool of CD4+CD8+DP thymocytes that exit
the cell cycle and begin the rearrangement of the
TCR-a chain. However, DN2/DN3 thymocytes that
make successful rearrangements of the TCR-y and 0
chain typically become DN y6-T-cells. Along this de-
velopmental pathway, immature DN thymocytes al-
so promote the differentiation of thymic stromal cells
and trigger the formation of the cortical-epithelial en-
vironment in the thymus [26-29]. The differentiation
of thymocytes from the DN1 stage to the DN3 stage
regulates the differentiation of TEC precursor cells in-
to cTECs that form the cortical environment in the
thymus.

The Positive Selection of DP Thymocytes

DP thymocytes, generated in the cortex, express low
levels of the af3-TCR complex [30, 31]. These thy-
mocytes interact through their TCR with peptide-
MHC complexes, which are expressed by stromal
cells, such as cTECs and dendritic cells (DC) present
in the cortex [31]. Following a low avidity interac-
tion between TCR and the MHC-peptide complex,
DP thymocytes are induced to receive signals for sur-
vival and further differentiation into single positive
(SP) thymocytes. This process, referred to as positive
selection, enriches “useful” T-cells that are poten-
tially reactive to foreign, but not to self, antigens pre-
sented by self-MHC molecules. By contrast, high-
avidity interactions elicit signals that lead to the death
of thymocytes. In order to escape a default fate of
programmed cell death, DP thymocytes must express
af-TCR complexes that can recognize self-MHC
molecules presenting self-peptides on cTECs [32].
Positively selected DP thymocytes are induced to dif-
ferentiate into SP (CD4+CD8— or CD4-CD8+) thy-
mocytes and relocate to the medulla.

Cortical thymocytes move randomly before pos-
itive selection, stop and form contacts with TECs
at the initiation of positive selection, and migrate
rapidly to the medulla after such process. The rapid
migration of positively selected thymocytes from
the cortex to the medulla may help to terminate pos-
itive selection signals and to ensure that the process
of screening for self-reactivity to medullary anti-

gens begins in a timely way. The involvement of
several chemokines in cell migration, as well as the
expression patterns of chemokines and their recep-
tors in the thymus underline the importance of
these molecules in cell migration [33, 34]. A vari-
ety of chemokines regulate the migration of T-cell
progenitors through the thymus, and in fact muta-
tions in genes encoding chemokines or their recep-
tors can lead to mislocalization of thymocyte pop-
ulations [17].

The Negative Selection of Self-Reactive Cells

The thymic medulla provides a highly specialized
microenvironment where the removal of thymocytes
bearing self-reactive TCRs occurs. This microenvi-
ronment is formed by medullary thymocytes, den-
dritic cells, macrophages, and mTECs. The SP thy-
mocytes spend approximately 12 days in the medul-
la before being exported from the thymus [2]. During
this period, SP thymocytes go through a maturation
process that can be identified by analyzing the ex-
pression profiles of CD62 ligand [CDG62L, also
known as lymphocyte (L)-selectin] and the C-type
lectin receptor CD69 [35-37]. The newly generated
SP thymocytes are CD62L*CD69" semi-mature
cells that are functionally incompetent and have to
undergo further maturation to become mature
CD62LMCD69" SP functional thymocytes.

The maturation of SP thymocyte occurs in the
medulla, and is accompanied by further deletion of
self-reactive thymocytes. This is crucial in estab-
lishing central tolerance to tissue-specific antigens,
as mTECs express tissue-specific antigens promis-
cuously [38]. Such expression is, at least in part, de-
pendent on a molecule called “transcriptional factor
autoimmune regulator” (AIRE) [39, 40]. Indeed, in
humans, the deficiency in AIRE results in the failure
in establishing central tolerance to tissue-specific
antigens, and origins a syndrome defined autoim-
mune polyendocrinopathy-candidiasis-ectodermal-
dystrophy (APECED) in humans [41,42], and a sim-
ilar autoimmune disease in mice [43-45].

The period of maturation in the medulla is es-
sential for SP thymocytes to establish central toler-
ance by ensuring the deletion of autoreactive T-cells
[45-47] and by producing regulatory T-cells (Treg)
[48-50]. In fact, it has been shown that most forkhead
box P3 (FoxP3)-expressing regulatory T-cells with-
in the thymus are found in the medulla [48].

Interactions between medullary thymocytes and
mTECs do not go in one direction only. Although
mTECs can induce negative selection in medullary
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thymocytes, in turn thymocytes can promote the mat-
uration of mTECs. The expression of AIRE in mTECs
contributes to several functions of these cells, in-
cluding the expression of tissue-restricted antigens,
which are crucial to create a microenvironment where
negative selection can occur efficiently.

Finally, positively and negatively selected SP
thymocytes can leave the gland and form the pe-
ripheral pool of T-cells. The export of mature thy-
mocytes from the thymic parenchyma to the circu-
lation occurs through the perivascular space, which
is channeled to postcapillary venules, arterioles,
and lymphatics [51, 52]. However, it is still unclear
whether T-cells in the perivascular space are subse-
quently released into the blood, or into the lym-
phatics, or both. The signals that regulate the move-
ment of mature thymocytes back into circulation are
not still clearly identified. In particular, the G pro-
tein-coupled receptor S1P1 (sphingosine 1-phos-
phate type 1 receptor) is key to both the exit of ma-
ture T-cells from the thymus and the exit of lym-
phocytes from lymph nodes [53]. Although S1P1
can function in a cell-autonomous way on lympho-
cytes, S1P receptors are also expressed by endothe-
lial cells and may also act to regulate the opening of
sites for exit [54, 55]. S1P is present at high con-
centrations in the blood and lymph but is maintained
at a low concentration in the thymus and other tis-
sues because of the action of the enzyme S1P lyase
[56]. This indicates that a S1P gradient, established
between the thymus and blood or lymph, could me-
diate the export of mature thymocytes. Other factors
have been linked to the control of thymic exit. For
example, a role could be played by CD69, which is
normally downregulated on mature thymocytes be-
fore their exit from the thymus; its overexpression
leads to the retention of these cells in the medulla
[57]. A complete understanding of how thymocytes
leave the thymus awaits more information about the
mechanism of action of S1P, adhesion molecules,
and chemokines, as well as a more detailed identi-
fication of the anatomy of thymocyte egress.

Alternative T-Lymphocyte Lineages

Although most T-cells produced in the thymus ex-
press an of}-TCR and carry out MHC-restricted im-
mune responses, the thymus also produces other al-
ternative T-cell lineages, including regulatory T-cells
(Treg cells), natural killer T (NKT) cells and yd-T-
cells, with distinct effector activities and specificities,
and distinct developmental pathways. The production
of these T-cell lineages depends on thymic microen-

vironments that differ from those that are required for
the development of conventional af3-T-cells [17].

Regulatory T-Cells

A specialized microenvironment created by crosstalk
between TECs and medullary dendritic cells is cru-
cial to the development of Treg cells. Treg cells help
to maintain self-tolerance by actively suppressing
immune responses [58, 59]. Many Treg cells resem-
ble conventional CD4+ T-cells bearing an a3-TCR,
but can be distinguished by their expression of FoxP3
[60, 61], and by the constitutive expression of high
levels of CD25 and low levels of CD127 [62]. Re-
cent data also suggest that Treg can express other
molecules such as CD39 [(nucleoside triphosphate
diphosphohydrolase-1 (NTPDase 1)], an ectoenzyme
that degrades ATP to AMP [63], or the chemokine re-
ceptor CCR6 [64].

Their development differs from that of conventional
af-T-cells in that they appear relatively late in on-
togeny and are insensitive to negatively selecting sig-
nals [65]. Hassal’s corpuscles may provide a special-
ized microenvironment for the development of Treg
cells [50]. A group of epithelial cells resident in the
Hassal’s corpuscles of the human thymus can regulate
medullary DC function promoting the MHC-dependent
conversion of CD4+CD8-CD25- thymocytes into
FoxP3+CD4+CD25" Treg cells. In addition, analysis
of fixed thymus sections has shown that thymocytes
with a Treg cell phenotype are found in close associa-
tion with Hassal’s corpuscles. It is not known whether
these events are relevant to the development of Treg
cells in mice, in part because Hassal’s corpuscle-like
structures are relatively rare in mouse thymus [66]. As-
suming that, in mouse, similar structures regulate Treg
cell development, other cytokines may mediate the
crosstalk between mTECs and DC.

Natural Killer T-Cells (NKT Cells)

Cortical DP thymocytes are crucial for the develop-
ment of a subpopulation of T-cells called NKT cells.
This term was used for the first time to define a sub-
set of murine of-T-cells characterized by the ex-
pression of the NK1.1 marker and the preferential us-
age of Va14 TCR [67]. In humans, a large subset of
NKT cells expresses an a3-TCR encoded by variable
a-region 24 (Va24) and joining a-region 18 (Ja18)
gene segments, and recognizes self and foreign gly-
colipid antigens bound to the nonclassical MHC
class I molecule CD1d [68]. Most Va24Ja18 T-lym-
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phocytes also express CD161 (equivalent to murine
NK1.1). CD161 (NKR-P1A) is a type II disulfide-
linked homodimer, expressed on most NK cells, a
subset of peripheral T-cells and on invariant NKT
cells. The ligand for human NKR-P1A is lectin-like
transcript-1 (LLT1), and the interaction of NKR-P1A
with LLT1 inhibits NK cytotoxicity [69].

NKT cells can be identified by using CD1d
tetramers containing the glycolipid a-galactosylce-
ramide, and indeed most NKT cells recognize CD1d-
bound endogenous glycosphingolipids and a com-
ponent of microbial cell wall, i.e., a-glycuronosyl-
ceramide [70]. This suggests that NKT cells play a
key role in the protection from bacteria that are not
detected by pattern recognition receptors. The de-
velopment of NKT cells that bind CD1d-a-galacto-
sylceramide is dependent on CD1d expression on
hematopoietic cells [71, 72]. Notably, expression of
CD1d exclusively on DP thymocytes is sufficient to
promote NKT lineage expansion and NKT cell dif-
ferentiation [73]. In contrast, CD1d expression on
TEC:s is not sufficient to allow NKT cell maturation
[74]. It is unclear why CD1d on cortical thymocytes
but not on TECs can promote NKT cell development.

vd-T-Cells

Conventional af-T-cells reside primarily in sec-
ondary lymphoid organs and play a central role in
adaptive immune responses. On the contrary, most
T-cells expressing a y8-TCR reside in epithelial
layers of tissues underlying internal and external sur-
faces of the body, such as the skin, intestinal epithe-
lium, lung, and tongue, where they act as the first line
of defense [75-78]. In these locations, the diversity
of the TCR repertoire is much more limited than that
observed in a3-T-cells, or even than that of yd-T-cells
that reside in secondary lymphoid organs [77]. Fur-
thermore, the repertoire of variable region genes dif-
fers strikingly in the various anatomical locations.
The highly restricted TCR expressed by different
subsets of yd-T-cells enable them to recognize
ligands that are specifically expressed in infected,
diseased, or stressed cells in those anatomical sites
[77, 78]. Early T-cell development in the thymus is
characterized by progressive waves of differentiation
of distinct yd subsets characterized by expression of
specific Vy and V9§ genes. The underlying processes
presumably evolved to produce functionally distinct
sets of yd-T-cells in an organized manner [79].
Cortical thymocytes provide signals essential to
the development of adult yo-T-cells. Several studies
on the development of these lymphocytes have fo-

cused on the involvement of TCR gene rearrange-
ments and TCR signaling, and the function of the
thymic microenvironment and DP thymocytes has
been emphasized [80-82]. Interactions with DP thy-
mocytes may be one of several features that distin-
guish the development of yd-T-cells in the fetus or
in the adult. Although those distinctions are mostly
due to the different progenitor cell populations that
populate the fetal or adult thymus [83, 84], the fact
that fetal yd-T-cells develop in a thymic environment
with few or no DP thymocytes may also contribute
to some of their distinctive properties [85, 86].

In contrast with what happens for conventional
af-T-lymphocytes, the absence of MHC molecules
had no observable effect on the intrathymic devel-
opment of yd-T-cells [87-89]. This suggests that
most y8-T-cells are not selected by classical or non-
classical MHC class 1 molecules that depend on
[,-microglobulin for expression on the cell surface.
However, it cannot be excluded that MHC could play
a role in selection of a subset of yd-T-cells. In fact,
since the natural ligands for yd-T-cells are in most
cases not known, it remains possible that these cells
are positively selected by interactions with uniden-
tified ligands in the thymus.

Endocrine Functions of the Thymus

The reticulo-epithelial (RE) cells play a vital role in
lymphoid cell homing and development. Not only do
thymic RE cells secrete numerous cytokines, in-
cluding IL-1 and -6, granulocyte colony stimulating
factor (G-CSF), macrophage CSF (M-CSF) and GM-
CSF, which likely are important during the various
stages of thymocyte activation and differentiation,
but they also produce and release different hor-
mones. As a proof of concept, several extracts that
promote T-cell differentiation have been prepared
from thymus tissue [90-93]. Chemical characteriza-
tion of these extracts has allowed the identification
of active peptides, named thymic hormones, some of
which have been sequenced and synthesized. Pep-
tides that differ in amino acid sequence and biolog-
ical properties such as the thymosins, the thymopoi-
etin, the thymulin [94], and the thymic humoral fac-
tor (THF) have been extensively investigated [95].

Thymosins
The isolation from the thymus gland of the thy-

mosins, a family of biologically active molecules
with hormone-like properties, that are biochemical-
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ly and functionally distinct, was first described more
than 40 years ago [96]. In the early 1970s, preclini-
cal studies showed the immunorestorative effects of
a partially purified thymosin preparation named “thy-
mosin fraction 5 (TF5) [97]. TF5 consists of a mix-
ture of small polypeptides. The biological activity of
several isolated peptides was studied: None of the
isolated peptides was really a “pure” thymic hor-
mone, solely produced in this gland; nevertheless,
they are biologically important peptides with diverse
intracellular and extracellular functions. Thymosins
were originally obtained from the thymus, but they
are widely distributed in many tissues and cells, and
studies on these functions are still in progress [98,
99]. In any case, thymosins can be divided into three
main groups, namely a-, 3-, and y-thymosins.

a-thymosins (ProTa, Tal) have nuclear local-
ization and are involved in transcription and/or
DNA replications; B-thymosins (T4, T10, TRIS)
have cytoplasmic localization and show high affin-
ity to G-actin for cell mobility. Furthermore, both
a- and pB-thymosins play important roles in modu-
lating immune response, vascular biology, and can-
cer pathogenesis. It has been suggested that thy-
mosins might have clinical applications in cancer
treatment [99]. Human serum levels of Tal show
significant differences with age, gender, and race
[100-102]. Tal is able to stimulate the production
of lymphokines, such as migration-inhibiting factor,
interferon-a., interferon-y, interleukin-2 (IL-2), and
IL-2 receptor [103-110]. In addition, Tal plays
roles in several phenomena, including; i) the in-
duction of T-helper cells; ii) expression of pheno-
typic T-cell markers; iii) modulation of lympho-
proliferative responses triggered by specific anti-
gens, alloantigens, and mitogens; iv) antibody
production; v) T-cell cytotoxicity; and vi) natural
killer cell activity [110-115].

Although B-thymosins have been identified as G-
actin-binding proteins, their physiologic activities are
largely unknown, including their role in the immune
system. In general, intracellular B-thymosins may af-
fect cell growth and migration. T4 can induce ex-
pression of terminal deoxynucleotidyl transferase in
T-cells [116], stimulates secretion of a luteinizing hor-
mone (LH)-releasing factor and an LH [117, 118], in-
hibits the migration of macrophages in vitro [109],
and induces phenotypic changes in a T-cell line [119].

Thymopoietin and Thymopentin

Thymopoietin is a polypeptide consisting of 49 amino
acids. The pentapeptide thymopentin (TP-5), corre-

sponding to amino acids 32-36 of thymopoietin (i.e.,
Arg-Lys-Asp-Val-Tyr), represents the active site of
thymopoietin, and indeed it has all the biological ac-
tivities of the native hormone. Thymopoietin has a
pleiotropic action, affecting neuromuscular transmis-
sion, or early T-cell differentiation. Not only can
TP-5 act as an immunomodulatory factor in cancer
chemotherapy, but it also acts as a potential chemo-
therapeutic agent since it can inhibit the growth of hu-
man promyelocyte leukemia cells [120]. Moreover,
the capability of TP-5 to associate with MHC class II
molecules expressed by antigen-presenting cells has
been recently shown, providing a new perspective to
understand the immunomodulation mechanism in-
duced by TP-5 [121].

The immunoregulatory actions of TP-5 on pe-
ripheral T-cells are mediated by increases in the in-
tracellular levels of cyclic GMP, in contrast to the in-
tracellular cyclic AMP elevations induced in precur-
sor T-cells, which trigger their further differentiation
to T-cells. Thymopoietin and thymopentin are able to
normalize several immunological defects present in
a number of animal models of immune dysbalance.
These include the effects of thymectomy as well as
the thymic involution associated with aging, or in-
duced by other procedures in thymus-intact animals.
The normalizing action of thymopentin, whether the
immune dysbalance be in the direction of hyper- or
hyporesponsiveness, points to its potential utility in
human diseases [122].

Thymulin

Thymulin, originally named “facteur thymique
sérique” or FTS, is a molecule exclusively produced
by thymic epithelial cells. It consists of a nonapep-
tide component coupled to the ion zinc, which con-
fers a strong biological activity to this molecule [94,
123]. After its discovery in the early 1970s, thymulin
was characterized as a thymic hormone involved in
several aspects of intra- and extrathymic T-cell dif-
ferentiation. Subsequently, it was demonstrated that
thymulin production and secretion is strongly influ-
enced by the neuroendocrine system. Conversely, an
emerging core of information points to thymulin as
a hypophysotropic peptide.

Thymulin is involved in several aspects of intra-
and extrathymic T-cell differentiation [124]. The
control of thymulin secretion seems to be dependent
on a complex network of events. Initial studies
showed that the hormone itself exerts a controlling
feedback effect on its own secretion both in vivo and
in vitro [124, 125]. Additionally, thymulin production
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and secretion is influenced directly or indirectly by
the neuroendocrine system. For instance, growth
hormone (GH) can influence thymulin synthesis and
secretion. In vitro, GH stimulates thymulin release
from TEC lines [126], which are known to possess
specific receptors for GH [127].

The existence of a neuroendocrine-thymic axis is
well established, and strong evidence suggest that
thymulin plays a physiological role as part of an as-
cending feedback loop in this axis [128].

Thymic Humoral Factor (THF)

Thymic humoral factor-y2 (THF-y2) is an immuno-
regulatory peptide present in thymic extracts [95,
129-131]; isolated and purified from calf thymus,
it has been identified as an octapeptide [132]. It
was characterized as stimulating T-cell functions
such as the response to T-cell lectins [133] and
mixed lymphocyte reactions [134], graft versus
host reactivity [135], and cytotoxic responses both
in thymus-deprived and in intact mice [136]. THF-
y2 also stimulates the production of IL-2 [137] and
has been used as an immunomodulator in clinical
conditions associated with immune impairment
and dysregulation [138]. Addition of THF-y2 im-
munotherapy to chemotherapy is more effective
than chemotherapy alone in the arrest of tumor and
metastatic growth [139] and THF-y2 treatment re-
stores the levels of T-cell subsets decreased by
chemotherapy [140].

Neuroendocrine Control
of Thymus Physiology

The interplay between the neuroendocrine and im-
mune systems has been under extensive studies for
several years. Hormones and neuropeptides influence
the activities of this organ and its cells via endocrine
and local autocrine/paracrine pathways. Receptors
for a huge number of molecules are heterogeneous-
ly expressed in all subsets of thymic cells, and the
communications are tuned by feedback circuitries.
The immune and neuroendocrine systems use simi-
lar ligands and receptors to establish physiological in-
tra- and intersystem communications that play an im-
portant role in homeostasis. Increasing evidence has
placed hormones and neuropeptides among potent
immunomodulators, participating in various aspects
of immune system function, in both health and dis-
ease [141-144]. More particularly, the molecules
that modulate the physiology of the thymus include

steroids and polypeptidic hormones, as well as neu-
ropeptides.

As an example, it is known that GH pleiotropi-
cally modulates thymic functions: GH upregulates
proliferation of thymocytes and thymic epithelial
cells [145]. GH-transgenic mice, as well as animals
and humans treated with exogenous GH, exhibit an
enhanced cellularity in the organ; accordingly, sev-
eral studies suggest the clinical utility of GH in pa-
tients infected with HIV, who could benefit from an
exogenous supplementation of this molecule to im-
prove thymic activity, and thus better reconstitute the
immune system [146-148].

GH stimulates the secretion of thymic hormones,
cytokines, and chemokines by the thymic microen-
vironment, as well as the production of extracellular
matrix proteins, leading to an increase in thymocyte
migratory responses and intrathymic traffic of de-
veloping T-cells. In addition, GH stimulates the in vi-
vo export of thymocytes from the organ, as ascer-
tained by studies with intrathymic injection of GH in
normal mice and with GH-transgenic mice. More-
over, since GH is produced by thymocytes and
thymic epithelial cells, which also express GH re-
ceptors, it is likely that in addition to the classic en-
docrine pathway, the GH control of the thymus may
include an autocrine/paracrine pathway.

This example indicates how the thymus is phys-
iologically under neuroendocrine control. Such con-
trol is extremely complex, and, as in the aforemen-
tioned case, involves biological pathways that in-
clude the intrathymic production of a variety of
hormones and neuropeptides, along with the pres-
ence, in thymic cells, of their respective receptors
[149].
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Introduction

Given its central role in the production and matura-
tion of thymocytes, congenital anomalies of the thy-
mus invariably result in some degree of impairment
in immune function. The thymus is the largest lym-
phoid organ relative to body size during fetal life, and
is chiefly concerned with the production of im-
munocompetent T-cells, with their repertoire of
helper, cytotoxic, suppressor, and inducer functions
in the immune system. In this context, congenital
anomalies of the thymus may have a profound im-
pact on neonatal health.

This paper focuses on two of the more common
congenital anomalies associated with primary im-
mune deficiencies (PID): DiGeorge anomaly (DGA,
formerly, DiGeorge Syndrome) and Nezelof syn-
drome. The former is, in general, more thoroughly
characterized and attributed to concrete developmen-
tal defects, while the embryonic origins of the latter
are more difficult to ascribe. In contrast to these syn-
dromes, which frequently manifest as thymic aplasia
or hypoplasia, rare cases of thymic hypertrophy have
been described, and will also be discussed herein. Fi-
nally, one of the more common thymic anomalies, ec-
topic thymus, will be described. For each of these
congenital abnormalities, a summary of what is cur-
rently known about the incidence, etiology, patho-
physiology, and treatment will be presented.

Overview of Thymus Development

Before discussing congenital malformations and
disorders of the thymus, it is useful to review the ba-
sic origins of this lymphoid organ. The thymus has
its beginnings in the pharyngeal pouches, structures
which are associated with the early pharynx. By 5
weeks postconception, all five pharyngeal pouches
are recognizable, and it is the third and fourth pha-
ryngeal pouches which ultimately will give rise to

orazd Congenital Pathology
of the Thymus

either a portion of the parathyroid gland or the thy-
mus. During the 6th and 7th weeks of embryonic de-
velopment, epithelial cells which will comprise the
thymus segregate into bilateral cords, which elon-
gate and resolve into multiple side branches, thus
forming the future lobes of the thymus. Small groups
of cells cluster around a central locus, forming
“thymic corpuscles” or “Hassall Corpuscles”. Mes-
enchymal tissue forms divisions between these cords
and it is in these septa that lymphocytes take up res-
idence. Each of these lobes will be separately in-
nervated, and will receive its own blood supply and
lymphatic drainage. The future thymus extends in-
feriorly into the mediastinum, where it will remain
throughout life.

Congenital Malformations of the Thymus

When the complex developmental programming that
underpins these events goes awry, congenital anom-
alies in thymus structure and/or function are the re-
sult. DGA is an example of a failure of neural crest
cell migration. These cells, which give rise to the
mesenchyme and epithelial components of the thy-
mus, constitute a critical element in the histogenesis
of the thymus. In a subsequent section, we discuss
specific elements of the genome which are strongly
implicated in this particular disorder.

DiGeorge Anomaly

DiGeorge Anomaly (DGA) is a disorder encompass-
ing both thymic and parathyroid dysfunction, as well
as abnormalities in cardiac outflow. This is not sur-
prising, in view of the commonality in embryonic ori-
gin of these structures: all of these defects can be at-
tributed to perturbed migration of neural crest cells in-
to the pharyngeal arches and associated structures [1].
Chief among the clinical signs of DGA in the neona-
tal period are hypocalcemic seizures and compromised
immunity. In 1965, Angelo DiGeorge first recognized
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the connection between the absence of the parathyroid
gland and the immunological deficiencies which are
also commonly seen in this condition [2]. Since that
time, advances in molecular biology have provided in-
sights into the genetic basis for this anomaly.

Genetics

In 35-90% of patients with DGA, there is a mi-
crodeletion in the proximal long arm of chromosome
22, called a 22q11.2 deletion after the specific region
of the affected chromosome [3]. This region is par-
ticularly susceptible to microdeletions due to the
presence of low-copy repeat DNA sequences, which
results in unequal crossing over with sister chro-
matids during meiosis [4]. There are approximately
30-40 genes which map to this region of chromo-
some 22, and patients with this type of deletion are
left with only one copy (rather than two) of these
genes, a condition referred to as a hemizygous dele-
tion. This results in a decrease in the concentration
of specific gene products which are required for nor-
mal neural crest cell migration.

It is important to note that, while most cases of
DGA are associated with the 22q11.2 deletion, there
is some confusion in the literature over the nomen-
clature of this anomaly. DGA is only one of several
syndromes associated with a 22q11.2 deletion, oth-
ers include, velocardiofacial syndrome (VCFS) and
CHARGE syndrome. VCFS includes pharyngeal
dysfunction, cardiac anomaly and dysmorphic facies,
while CHARGE syndrome includes coloboma (a
pupillary malformation), heart defects, atresia of
coronary vessels, growth retardation, genitourinary
defects and ear abnormalities [5]. In short, 22q11.2
defect and DGA are not interchangeable terms, al-
though there is a great degree of commonality in the
manifestations of the two. Some authors have coined
the term 22q11.2 deletion syndromes, which can en-
compass DGA, CHARGE, and VCFS [6]. In fact,
DGA likely presents as several overlapping pheno-
types, including VCFS and CHARGE, which com-
plicates the diagnosis of DGA.

With respect to DGA, it is not currently known
whether a decrease in one or in multiple genes are
associated with the DGA phenotype, although recent
studies point to the TBX1 gene, which codes for a
T-box transcription factor, as having a key role in the
disorder [7, 8]. The T-box 1 protein appears to be
necessary for the normal development of muscles
and bones of the face and neck, large arteries, struc-
tures in the ear, and both the thymus and parathyroid.
As with other congenital anomalies associated with

DGA and 22q11.2 microdeletions, however, further
work is needed to fully characterize gene products in-
volved in these disorders [1].

Frequency of DGA

Consistent estimates of the frequency of DGA are dif-
ficult to obtain. The frequency of patients diagnosed
with DGA ranges from 1:20,000 people to 1:66,000
people [9]. However, with the development of new-
er diagnostic techniques such as fluorescent in situ hy-
bridization (FISH), it is possible to accurately detect
22q11.2 microdeletions in as many as 1:3,000 patients
[9]. However, this figure does not represent DGA
alone, and in fact a variety of symptoms not neces-
sarily ascribed to the syndromes previously men-
tioned are associated with 22q11.2 anomalies.

Clinical Features of DGA

Characteristic features of DGA include hypocal-
cemia, abnormal facies, conotruncal heart defects,
and immune deficiencies secondary to thymic hy-
poplasia. Additionally, cognitive, behavioral, and
psychiatric abnormalities and recurrent infections
have been noted in cases of DGA. In subsequent sec-
tions below, we elaborate on each of these traits.

Oro-facial Defects Associated with DGA

Facial dysmorphias may include the following: au-
ricular abnormalities such as abnormal helices and
preauricular tags, small mouth, micrognathia, promi-
nent nose root, short forehead and midfacial flatten-
ing [2]. These features in and of themselves may be
difficult to detect in the neonate, becoming apparent
only in toddlers or school-age children (Fig. 4.1).
Furthermore, other congenital abnormalities involv-
ing the pharyngeal arches or pouches may present
with similar features, and alone are not diagnostic
of DGA.

The hard and soft palates are also derived from the
pharyngeal arches. Defects in these structures are al-
so common in DGA, and afflict approximately 80%
of patients diagnosed with a 22q11.2 deletion [2].
Clefts in the hard and/or soft palates are common, and
frequently associated with a cleft uvula. Further-
more, defects in the velopharyngeal valve are very
common, and are manifested by hypernasal speech
and articulation disorders, Not surprisingly, feeding
disorders are also frequently concomitant with DGA
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Fig. 4.1 Facial features in DiGeorge Anomaly [10]

and with other 22q11.2, deletion syndromes, and in-
clude nasopharyngeal reflux, gastroesophageal reflux,
and disorders of motility which may or may not re-
quire feeding by nasogastric or orogastric tubes [2].

Immunological Implications of DGA

As has already been described in other chapters, the
thymus gland plays an essential function in the de-
velopment of immunologic function early in life.
Antigen-reactive T-cells released by the thymus, as
well as thymic secretions, are vital for immune func-
tion. In DGA, the gland itself typically has Hassall’s
corpuscles and a normal density of thymocytes, and
lymphoid follicles usually appear normal, but para-
cortical regions of lymph nodes and thymus-depen-
dent regions of the spleen are depleted to varying de-
grees [11]. Most patients born with 22q11.2 deletions
have significant decreases in T-cell function, al-
though B-cell function is usually preserved, albeit
with some alterations in immunoglobulin titers.
While serum concentrations of immunoglobulins are

usually near-normal, IgA fractions may be dimin-
ished and IgE lower than normal [11].

As a consequence of thymic insufficiency, pa-
tients often present with chronic or repeated viral and
bacterial respiratory tract infections. Depending on
the degree of expression of DGA, systemic infections
resembling (but not as pronounced as) the severe
combined immunodeficiency (SCID) phenotype
have been noted. Although there is no specific pat-
tern of autoimmune diseases associated with 22q11.2
deletions, the incidence of juvenile rheumatoid
arthritis, idiopathic thrombocytopenic purpura, and
autoimmune hemolytic anemia tends to be higher in
this population [9].

Cardiac Anomalies Associated with DGA

The most common cardiac defects associated with
DGA include conotruncal defects such as Tetralogy of
Fallot, truncus arteriosus and interrupted aortic arch,
and ventricular septal defects [12]. Other authors have
noted that anomalies of the subclavian arteries were al-
so common [10], as are hypoplastic left heart, valvu-
lar pulmonary stenosis, and bicuspid aortic valve [2].

Neurological Deficits Associated with DGA

Most patients with DGA have average to below-av-
erage 1Q scores, ranging from 31% borderline 1Q
scores, 23% low-average and 13% average 1Q
scores [2]. Increased frequency of behavioral and
psychiatric disorders are also commonly observed
in DGA and other 22q11.2 syndrome patients, in-
cluding autism spectrum disorders, attention deficit
and hyperactivity, anxiety disorders, depression,
and schizophrenia. These appear to be associated
with the 22q11.2 deletion rather than being sec-
ondary to other anomalies, highlighting the func-
tional and developmental significance of this chro-
mosomal region.

Endocrine Disorders Associated with DGA

The primary endocrine-related symptom found with
this disorder is hypoparathyroidism, which usually
manifests as hypocalcemia. Other endocrine abnor-
malities reported in this population include growth
hormone deficiency and thyroid disorders. Whether
the latter are a direct consequence of the 22q11.2
deletion or are secondary to hypoparathyroidism are
unknown [11].
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Diagnosis

Owing to the variation in severity of DGA, and its
overlap with other phenotypes, the age at diagnosis
is also variable. Serious cardiac defects, hypocal-
cemia, and immune defects may be diagnosed during
the neonatal period. Infants with facial anomalies and
cardiac outflow defects or a history of recurrent in-
fections should be investigated for DGA. Frequent-
ly, the first indications of morbidity arise when a
neonate presents with hypocalcemic tetany [13] al-
though the hypocalcemia accompanying DGA may
be intermittent and resolve in infancy [14]. Labora-
tory investigations will usually reveal a low T-cell
count, normal B-cell levels, and normal IgM titers,
with serum levels of other immunoglobulins gener-
ally low. Typical T-cell mitogens such as con-
canavalin A and phytohemagglutinin usually fail to
stimulate peripheral lymphocytes, and T-cell areas in
lymph nodes are frequently lacking. In more profound
cases, the thymic shadow can be absent in X-ray.

Recurrent infections generally present in patients
older than 3-6 months. Persistent, refractory muco-
cutaneous candidiasis and recurrent viral infections
are often associated with DGA. However, in cases of
only mild cardiac defects, minimal anomalies, and
normal immune function, a diagnosis may only be
made in late childhood or even adulthood [9]. In ad-
dition to lab and imaging studies, the FISH technique
is a powerful tool which has a high accuracy in de-
tecting 22q11.2 deletions.

Treatment

The initial management of the infant with DGA is di-
rected toward stabilization of the cardiac status. In cas-
es of critical cardiac defects immediate surgery may
be required. Calcium supplements may be required to
manage hypocalcemia. 1,25-cholecalciferol or
parathyroid hormone supplements may be needed to
achieve normal serum calcium levels [15]. Infants with
DGA should be protected from exposure to commu-
nicable diseases and should not receive live vaccines.
Steroid therapy should also be avoided. When blood
transfusions are required irradiated blood should be
used to avoid the risk of graft-versus-host disease [14].

Continuous prophylactic antibiotic therapy in ad-
dition to regular immunoglobulin therapy may be
helpful in avoiding infections. Lymphocyte infu-
sions using donor lymphocytes that are matched to
the neonate’s lymphocyte antigens (HLA) are also
helpful in T-cell disorders [16]. Periodic (about every
3-6 months) injections of thymic hormones have

been effective in ameliorating viral and/or fungal in-
fections. Fetal thymic tissue transplantation has also
been used with some success [17], and will be dis-
cussed in another chapter.

Nezelof Syndrome

On the continuum of thymic anomalies, yet distinct
from DGA, is Nezelof syndrome. Also known vari-
ously as thymic dysplasia, Nezelof syndrome is es-
sentially a disorder of thymic function. While the
thymus is essentially intact, Hassal’s corpuscles are
often absent, which is a manifestation of a lack of dif-
ferentiation of the thymic epithelium [18].

Similar to DGA, peripheral T-cell populations (in
particular CD1+ cells) are low while B-cells tend to
be normal. T-cell mitogens also usually fail to elicit
a lymphocyte response. Immunoglobulin titers have
been reported as being normal or elevated [11, 13].
In contrast to DGA, T-cells tend to be somewhat more
mature. What further distinguishes Nezelof syndrome
from DGA is a lack of parathyroid gland involvement.
Less is known about the specific developmental de-
fects responsible for Nezelof syndrome, although it
is generally assumed that specific secreted thymic
factors are missing or absent. One of the early pio-
neers in thymic dysfunction is Dr. Ch. Nezelof, who
first noted that children who succumbed to certain
fungal infections often had some degree of thymic
dysplasia and altered T-cell counts [18].

While Nezelof syndrome can be distinguished
from DGA through the absence of cardiac abnor-
malities, parathyroid involvement, and 22Q11.2 dele-
tions, it is not a clearly delineated disease with dis-
crete markers. In fact, the degree of expression of
Nezelof syndrome can vary from relatively minor
immune dysfunction to states which are similar to
that seen with severe combined immunodeficiency
(SCID) [19]. What does distinguish Nezelof syn-
drome from SCID is that it rarely presents with the
same degree of immune dysfunction, and does not
per se involve B-cell anomalies. This latter finding
remains an enigma, with no clear explanation as to
why B-cell function can remain intact with such pro-
found T-cell dysfunction [13]. In fact, lymphopenia
in the presence of normal gamma globulins is another
diagnostic factor.

Etiology

Although the etiology is unclear, some forms of
Nezelof syndrome are associated with nucleoside
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phosphorylase (NP) deficiency. NP is involved in
protein catabolism, specifically in purine-salvage
pathways, and one of the diagnostic indicators of
Nezelof syndrome can be low serum and urine uric
acid levels [13]. Unlike DGA, there is a heritable el-
ement to Nezelof syndrome. Both autosomal reces-
sive and X-linked patterns of inheritance have been
described in cases of Nezelof syndrome [11, 20, 21].

Diagnosis

The presentation of Nezelof syndrome is one of
chronic or recurrent infections in infancy including
oral or cutaneous candidiasis, chronic diarrhea, pul-
monary and skin infections, urinary tract infections
and failure to thrive [11]. Because of the presenta-
tion of recurrent infections, Nezelof syndrome may
be confused with acquired immunodeficiency syn-
drome. However, the distinguishing features of
Nezelof syndrome include atrophy of the thymus
gland and depressed cell-mediated immunity, with
normal concentrations of gamma globulins [18].

Treatment

Early attempts at restoring thymic function have been
unsuccessful [13]. Enzyme replacement therapies are
generally not successful. Thymus transplants and
bone marrow transplants are more promising thera-
peutic approaches.

Frequency

The true frequency of Nezelof syndrome is difficult
to determine. The National Institute of Health esti-
mates that it affects less than 200,000 individuals in
the USA [22].

Congenital Hyperplasia of the Thymus

At birth, the thymus weighs 10-15 g, which is its
largest size relative to total body mass. By puber-
ty, it is approximately 35 g, but regresses through
the remainder of life to become gradually replaced
by fat [23]. Thymic enlargement is a fairly common
radiologic finding in healthy newborns, and is usu-
ally not associated with any clinical symptoms
[24]. However, thymic hyperplasia is the most
common finding for enlargement of the anterior
mediastinum.

Three variants of newborn thymic enlargement
have been described: hyperplastic lymph follicles in-
dependent of gland size; true thymic hyperplasia (be-
yond normal limits for age) with normal histology; and
hyperplasia representing more than 2% of body mass,
also with normal histology. In the latter, the thymus is
several times the normal weight, and appears on chest
X-ray to be larger than the heart shadow [24].

Etiology

The etiology of thymic hyperplasia is varied, but
“true” thymic hyperplasia should be distinguished
from “reactive” hyperplasia in that the latter gener-
ally results from a pre-existing disease, such as he-
morrhagic disease of the newborn, myasthenia gravis
or hyperthyroidism; or it may arise after chemother-
apy. True thymic hyperplasia essentially implies an
enlarged gland that has histologically normal corti-
cal and medullary components [25].

Clinical Presentation

Thymic hyperplasia is most commonly diagnosed in
children or young adults; however, the presentation is
variable. In a review, Linegar and colleagues report-
ed that in 38% of cases, infants were asymptomatic;
in 35% they had pulmonary infections; and in 29%
there was evidence of respiratory distress. To this end,
coughing, lymphocytosis, dysphagia, splenomegaly,
and chest discomfort are associated symptoms [26].
Interestingly, B-cell counts are usually normal.

Treatment

Treatment of thymic hyperplasia is controversial. In-
travenous or oral steroids have been used in an at-
tempt to shrink the thymus, although with little effect
[27]. Currently, the strategy is to closely follow symp-
tomatic children for up to 18 months during a trial of
corticosteroids. If there is poor response, and the thy-
mus continues to enlarge and/or elicit severe symp-
toms, a thyrectomy may be attempted, although this
should be avoided in the neonate since it can have the
effect of reducing peripheral T-cell numbers [24].

Ectopic Thymus

A few cases of ectopic thymus tissue have been re-
ported in the literature. Normally the thymus forms
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from the third and fourth pharyngeal pouches and de-
scends to the mediastinum along a pathway from the
mandible [28, 29]. An ectopic thymus occurs when the
thymus fails to descend appropriately. In general,
such lesions are either cystic or solid. The vast ma-
jority are cystic and can occur at variable locations
along the embryologic path of descent, which spans
the angle of the mandible to the mediastinum. Ap-
proximately half of these will connect with normal
thymic tissue in the mediastinum. There are, howev-
er, reports of ectopic tissue that occur elsewhere in the
body, away from the path of embryologic descent [29].

Incidence and Associated Anomalies

Cervical thymic anomalies are relatively uncommon;
there are only about 100 cases reported in children who
presented with a primary neck mass; however, it is felt
that, because they are usually asymptomatic, this is
likely much more common lesion than is reported [30].

In a study of 3,236 children at autopsy, ectopic thy-
mic tissue was noted in 34 children (1%) and was most
commonly found near the thyroid gland. Of the 34 cas-
es found in this study, 71% of the children had features
of DGA and only 5 of the 10 remaining children had a
normal thymus present in the mediastinum [31].

Zarbo [32] proposed seven categories of thymic
ectopy, based on anatomic location, structure (cystic
or solid) and whether or not a thymopharyngeal duct
is present. The least common form is the purely ec-
topic thymus, which is solid thymic tissue in abnor-
mal locations off the normal embryologic path of de-
scent. Locations where this type of anomaly has been
described include the base of the skull, and within the
pharynx or the trachea [33].

Diagnosis and Management

Aberrant thymic tissue seldom causes clinical symp-
toms but cases of airway obstruction and respiratory
distress have been reported [28, 34, 35]. MRI evalu-
ation may help to delineate the location of the exoge-
nous tissue. Unless the extra glandular mass is symp-
tomatic, surgical removal of ectopic thymus is not rec-
ommended, due to the possible impact on peripheral
T-cells, and the risk of removing excessive glandular
tissue [29]. Generally, most cases of ectopic thymus
are also benign [36, 37], although there are case re-
ports of malignant transformation in thymic cysts [38].

When an ectopic thymus does become sympto-
matic, in the neonate it can present as an airway ob-
struction causing respiratory distress [39] or as severe

bleeding [26]. In the former, the actual site of the air-
way obstruction is variable; there have been reports
of subglottal, tracheal [40], and retropharyngeal cysts
[28]. With respect to thymic cysts which induce
bleeding, the cause is not always clear, although it
may include vitamin K deficiency, or invasion of a
vascular tissue. Still other clinical symptoms associ-
ated with thymic cysts can include tachydyspnea,
anemia, and even shock [26]. In most cases of thymic
cysts, total surgical excision is often the most effi-
cacious approach, although it is important to rein-
force the need for caution, given the possibility of in-
ducing a hypothymic state.

Summary

This article presents an overview of the most com-
mon thymic disorders in the neonate. In some of
these, such as DGA, there are reasonably well-char-
acterized genetic alterations which interrupt the mi-
gration of neural crest cells in the embryonic period,
concomitant with changes in parathyroid struc-
ture/function. The particular genetic locus of this al-
teration is mapped to 22q11.2, an area associated
with a number of syndromes. Nezelof syndrome, on
the other hand, is not nearly as well characterized as
DGA, although its heritable link has been demon-
strated. Finally, although thymic hyperplasia and ec-
topic thymus have a relatively low incidence, an
awareness of their possible patterns is essential for
the practitioner.
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Introduction

Thymic hyperplasia describes a nonneoplastic con-
dition of the thymus, characterized by an increased
number of the constituent cells of the organ. This
concept was initially introduced by Castleman in the
late 1940s to define the thymic changes seen in as-
sociation with myasthenia gravis [1]. Years later, Ro-
sai and Levine [2] in the A .F.I.P. fascicle on “Tumors
of the thymus” identified two distinct types of thymic
hyperplasia on the basis of histopathologic criteria:
true thymic hyperplasia, defined by an increase in the
size and weight of the organ that retains a normal mi-
croscopic morphology, and lymphoid (or follicular)
hyperplasia, characterized by the presence of lym-
phoid follicles with active germinal centers in the
thymic medulla. In the last case, the size and weight
of the thymus can be increased, but in most instances
they are within normal limits. The term thymitis (or
autoimmune thymitis), originally coined by Gold-
stein in 1966 [3], has been used interchangeably by
some authors to denote the lymphoid hyperplasia of
the thymus, since its morphological features, both at
the light and electron microscopic levels, are marked-
ly similar to those observed in any chronic inflam-
matory process of other organs [4, 5], being charac-
terized by the presence of peripheral B lymphocytes,
lymphoid follicles, and diffuse plasmacytosis.

True Thymic Hyperplasia

True thymic hyperplasia (TTH) is defined as an in-
crease in the weight and volume of the thymus be-
yond the upper limits of normality. In order to es-
tablish the correct diagnosis, reference must be
made for comparison to standard tables of thymic
weight in relation to age [6, 7]. The most recent eval-
uation of the thymus weights and volumes was
done by Steinman, who examined, at necropsy, the
thymuses of 136 apparently healthy persons who
had died suddenly [7]. Since thymic weights can
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vary widely at any age in comparison to those ex-
pected from the standard tables [8], Judd and Welch
[9] suggested to use a cut-off value of 2 standard de-
viations above the average weight for age as the up-
per limit of normality.

Weights in TTH are extremely variable, ranging
from 40 to more than 1,000 g [10]. When thymus
weight exceeds 100 g, TTH has been termed “mas-
sive” [11]. Maximum dimensions vary from 10 mm
[12] to 18 cm and more [13, 14].

The gross aspect is that of a well-circumscribed,
encapsulated mass that can reflect the normal thymic
shape with two distinct enlarged lobes. More fre-
quently, the thymus appears oval or discoid and the
typical bilobate shape of the organ is no longer rec-
ognizable [13] (Fig. 5.1). Isolated cases with only
one lobe enlargement [12] or a multiple nodular as-
pect [15] have also been described. An unusual case
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Fig.5.1 Postchemotherapy true thymic hyperplasia in a 42-
year-old man who died from rupture of cerebral artery
aneurysm. Eleven months before death, the patient had been
treated with chemotherapy for Hodgkin's lymphoma. At au-
topsy, the thymus measured 11x7x3 cm and weighed 94 g
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of focal TTH featured an oval mass pendulous from
the right thymic lobe [16].

The cut surface color varies from gray-yellow to
reddish-brown and shows different degrees of lobu-
lation, at times prominent at the periphery but absent
in the center of the organ [13, 17, 18]. The consis-
tency is parenchymatous or slightly increased.

The microscopic aspect of TTH is similar to that
of the normal thymic tissue [19] (Fig. 5.2). The lob-
ular architecture is well maintained, as is the distinc-
tion between cortical and medullary areas. At times,
prevalence of the medullary areas is noted and Has-
sall’s bodies can be present even within the cortex
[13]. Cellular components of the thymus are con-
served, but show hyperplastic changes. Lymphoid fol-
licles with activated germinal centers are not present.

The lymphoid cell population is represented by
small and medium-sized CD3+ T-lymphocytes in-
termingled with scattered CD20+ B-elements. Cor-
tical lymphocytes show the expression of CD4 and
CDS8 antigens in the same cell. By contrast, in
medullary areas, lymphocytes express either CD4 or
CD8 antigens. Cortical areas exhibit an intense nu-
clear staining for Ki67 and contain numerous tingi-
ble-body macrophages with a starry-sky appearance
[20]. Staining for cytokeratins shows a normal net-
work of epithelial thymic cells throughout the mass.

Approximately 55% of patients present with an
asymptomatic anterior mediastinal mass [21], where-
as in remaining cases dyspnoea, chest pain [22, 23],
respiratory distress and/or other signs of compression
of the nearby tracheo-bronchial tree can be observed
[13]. Bronchial compression with subsequent atelec-
tasis [24, 13] or irreversible changes in the lung tissue
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Fig. 5.2 The thymic lobular architecture, with distinction
between cortical and medullary areas, is maintained in true
thymic hyperplasia. Hematoxylin and eosin, x4 (original
magnification)

[24] have also been described. Concomitant leukocy-
tosis with absolute lymphocytosis [13], sometimes as-
sociated with bone marrow lymphocytosis [17] that
disappears after thymectomy [25], have also been re-
ported. No severe defects of cellular immunity are usu-
ally found. In the peripheral blood, there is no specif-
ic constellation of lymphocytic markers which could
point to the diagnosis of TTH [26].

At radiologic examination, TTH can mimic oth-
er pathologic conditions arising in the anterior me-
diastinal area, such as Castleman’s disease, lym-
phomas, germ cell tumors, thymomas, and thymic
carcinomas. The differential diagnosis has usually re-
quired surgical exploration with either thymectomy
or surgical biopsy for histopathologic examination
[12,27,28]. In the majority of patients, careful clin-
ical and radiological follow-up is sufficient and no
specific treatment is needed, since TTH undergoes
spontaneous regression within a few months. Long-
standing cases have been reported [29, 30]. When the
risk of malignancy in the mediastinum is low, some
authors [31, 32] have suggested a conservative ap-
proach with an initial oral steroid treatment fol-
lowed by serial radiological examinations. Shrinkage
or disappearance of the anterior mediastinal mass in-
dicates that it was a benign thymus enlargement.
Steroid challenge, however, is not helpful in cases in
which the initial diagnosis was steroid-sensitive
leukemia or lymphoma [31].

Fine needle aspiration biopsy (FNAB) was
claimed to represent an easy-to-perform and inex-
pensive procedure for the diagnosis of TTH. More-
over, it has the advantage of being able to obtain di-
agnostic material without requiring general anesthe-
sia. Riazmontazer and Bedayat [33] used FNAB to
evaluate an anterior mediastinal mass in a 12-year-
old girl. The smears showed two different cell pop-
ulations, consisting of lymphocytes and epithelial
cells. Although the cytologic criteria to differentiate
TTH from thymoma can overlap, the authors point-
ed out that the finding of different shapes and sizes
in the epithelial cell nuclei and the presence of lym-
phocytes encircling individual epithelial cells are un-
common features in smears of thymomas and might
help differentiate between the two entities. Another
case of TTH in a 5-month-old child was diagnosed
using combined radiologic imaging and FNAB [34].
Bangerter et al. [35] reported a series of eight cases
of TTH diagnosed through FNAB. In all patients, the
cytologic smears showed mixed populations of lym-
phoid cells and the cytologic diagnoses of TTH were
confirmed by follow-up studies. According to the au-
thors, FNAB is a useful front-line procedure in di-
agnosing TTH.
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Although rare, the occurrence of spontaneous he-
morrhage in TTH has been reported in the literature.
A case of TTH with massive intrathymic bleeding
and hemothorax was described in a 41-year-old man
who was on peritoneal dialysis after kidney trans-
plant removal [36]. The patient had experienced
acute left chest pain and dyspnoea that simulated
pericardial or myocardial disease. The authors ex-
plained TTH as a rebound phenomenon after termi-
nation of immunosuppression following transplant
removal. TTH with hemorrhage simulating recurrent
Hodgkin disease was reported by Langer [37] after
chemotherapy-induced complete remission, whereas
Eifinger et al. [38] described severe thymic cyst
bleeding in a 5-week-old male infant who had re-
current respiratory distress since birth and congeni-
tal TTH. The enlarged thymus, removed via median
sternotomy, weighed 29 4 g (normal controls, <20 g)
and, at histopathological examination, showed nor-
mal architecture with extensive interstitial hemor-
rhages and small cysts. The etiology of the thymic
bleeding in the infant remained enigmatic, since the
coagulation status was normal.

Of interest, a case of solitary fibrous tumor aris-
ing from the hyperplastic thymus was described in a
37-year-old female [39]. The tumor was located on
a pedicle that arose from the postero-inferior thymus
surface.

TTH was reported in association with several clin-
ical conditions, such as recovery from thermal burns
[40], cardiovascular surgery [41], and infections. Iso-
lated reports described the occurrence of TTH in an
infant with Beckwith-Wiedemann syndrome [42], a
neonate with Perlman syndrome [43], and in two in-
fants with Pena-Shokeir syndrome type I [44,45]. Id-
iopathic cases were reported in children [13]. The
most common associations are with malignancies, en-
docrine diseases and autoimmune disorders.

TTH and Malignancies

The development of TTH in patients with malignant
tumors has been described in two different clinical sit-
uations, either after chemotherapy treatment (so-called
postchemotherapy TTH) or in newly-diagnosed can-
cers before the initiation of systemic therapy.

Postchemotherapy TTH
TTH has been described in children and young adults

who received cytotoxic chemotherapy for treatment
of different malignancies, particularly leukemias

[46], Hodgkin’s and non-Hodgkin’s lymphomas [47-
50], testicular germ cell tumors [51-54], Wilm’s tu-
mor [55], and different bone or soft tissue sarcomas
[56, 57]. Less frequently, it can also occur in adult
patients treated with chemotherapy for malignant tu-
mors, including breast cancer, both in early and ad-
vanced stages [58, 59], prostatic carcinoma [15], tes-
ticular germ cell tumors [60-62], leukemias [63, 64],
Hodgkin’s and non-Hodgkin’s lymphomas [64-70],
ovarian tumors [70], and pulmonary metastases of
sarcoma [71].

The development of TTH after chemotherapy ap-
pears to be more common in younger people because
the residual thymic tissue is greater in such patients.
TTH is usually responsible for the appearance of a sig-
nificant mediastinal mass on CT scans that sometimes
can mimic metastatic disease. All authors point out that
awareness of this side effect in patients treated with
chemotherapy may prevent surgical procedures and
other unnecessary investigation. A “rebound phenom-
enon” appears to be a plausible explanation for
postchemotherapy TTH. The hyperplasia would be
caused by excessive regrowth of the thymus after the
initial atrophy determined by cytotoxic therapy and im-
munosuppression. The factor(s) responsible for thymic
overgrowth are uncertain. Another explanation postu-
lates that in patients treated with chemotherapy TTH
is caused by a chemotherapy-induced gonadal atrophy,
which results in increase of luteinizing hormone se-
cretion [12, 58, 72]. The increase in thymic volume is
variable as are the rate of growth and the period over
which enlargement occurs.

Different studies showed the changes in thymic
volume to be related to the timing of chemotherapy.
The greatest increase in thymic volume occurs in the
last postchemotherapy period, whereas reduction of
thymic volume is observed in the immediate
postchemotherapy phase. Rebound thymic hyper-
plasia usually occurs within the first, or rarely sec-
ond, year following chemotherapy.

Thymic volumes were determined by CT scan in
22 consecutive oncologic patients (2-35 years old)
treated with cycles of chemotherapy [64]. Primary tu-
mors included different types of lymphomas, sarco-
mas, or testicular neoplasias, excluding cases in
which the mediastinum was directly involved by the
tumor. In 20 of 22 patients, the thymic volume was
found to decrease by an average of 43% during the
first course of chemotherapy, but regrowth was ob-
served between the first and second course. In pa-
tients who received a second course of chemothera-
py, a further 36% decrease was detected. Rebound
thymic enlargement, defined as a greater than 50%
increase in volume over baseline, was observed in
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five patients, occurring an average of 4.2 months
(range 3 to 8 months) after the end of the treatment.
Similar data were reported by Kissin et al. [73], who
reviewed serial CT scans of 200 patients with ma-
lignant testicular teratoma. Thymic enlargement was
found 3-14 months after the commencement of the
treatment in 14 of 120 cases (11.6%) treated with
chemotherapy for metastatic disease, but only in one
of 80 untreated patients with no evidence of metas-
tases. The greatest increase in thymic volume oc-
curred in the late postchemotherapy period. The en-
larged thymus was excised in a patient and the his-
tologic study showed TTH of the cortex and medulla.
In the series of Ruether et al. [26], thymic enlarge-
ment was observed 3-20 months after initiation of
treatment in 15 of 124 patients with malignant tes-
ticular tumors. An isolated case of rebound TTH was
detected 5 years after cessation of chemotherapy for
Wilm’s tumor [55].

The development of TTH after treatment of ma-
lignancy has been claimed [73] to represent a good
prognostic sign. In a group of 120 patients with
metastatic testicular tumors who were treated with
chemotherapy, 93% of those showing thymic en-
largement were well and disease free after a mean fol-
low-up of 45 months, whereas the frequency of dis-
ease-free survival dropped to 78% in patients with no
thymic enlargement. The difference was statistically
significant (p<0.02). According to Kissin [73], TTH
in these patients may indicate the presence of an ac-
tive T-cell-mediated immune response against neo-
plastic cells and serve as a favorable prognostic
marker. Different results, however, were reported by
Hara et al. [59] in a group of 102 breast cancer pa-
tients treated with high-dose chemotherapy followed
by autologous stem cell transplantation. TTH was ob-
served in 11 patients (11%), being minimal in eight
of them, and it was not associated with improved sur-
vival, since no significant difference in survival prob-
ability was found in women with and women with-
out TTH revealed by CT scans (p=0.769).

TTH in Patients with Untreated Tumors

TTH has been reported in patients with newly diag-
nosed cancer before the initiation of systemic thera-
py [53]. TTH was discovered in four of 221 patients
(1.8%) with low-stage testicular germ cell tumors,
among whom three of 100 (3.0%) were affected by
seminoma and one of 121 (0.8%) by non-semino-
matous neoplasias. TTH was detected at staging
evaluation approximately 18-37 days after orchiec-
tomy, but before the administration of other onco-

logic treatments. In these cases, the development of
TTH was explained as an early rebound response to
the stress either of the neoplasm or of the recent or-
chiectomy, although other possibilities, such as cy-
tokine responses to the tumor, were also postulated.
An unusual case of TTH, developed in a 25-year-
old man approximately 22 months after orchiectomy
for malignant mesothelioma of the tunica vaginalis,
was described by Wenger et al. [12]. Since the ante-
rior mediastinal mass was confused with metastatic
disease, the patient underwent right mediastinotomy,
but a wedge biopsy of the thymus evidenced only hy-
perplasia. TTH was explained as a rebound phe-
nomenon but no obvious cause for it was found since
the patient had had no chemotherapy or infection.

TTH and Endocrine Diseases

The great majority of TTH cases in patients with en-
docrine diseases has been reported in association
with thyroid diseases, especially Graves’ disease. On-
ly rare reports point to the association with hyper-
cortisolism and acromegaly.

TTH and Thyroid Diseases

TTH has been recognized as a complication of hy-
perthyroidism, especially in young women. In most
cases, the increase in thymic size is minimal, but
massive enlargements have also been reported [74-
76]. Murakami et al. [77] studied thymic size and
density by means of computed tomography in 23 un-
treated patients with Graves’ disease and 38 control
subjects. Thymic size in mm? ranged from 630.4 to
977.9 in different age-matched groups of Graves’ dis-
ease patients, whereas in control subjects it ranged
from 142.8 to 219.9 mm (p<0.01). Thymic size and
density significantly dropped after treatment with an-
tithyroid drugs administered for a period of 5-
24 months.

Several mechanisms can be involved in the patho-
genesis of TTH in Graves’ disease. Thyroid-stimu-
lating hormone (TSH) receptors were demonstrated
to be expressed in human thymic tissues by PCR am-
plification and Northern and Western blot analysis
[77]. Their nucleotide sequence was found to be
identical to that of the human TSH receptor found in
thyroid cells. Immunohistochemistry of thymic tis-
sue using anti-TSH receptor monoclonal antibodies
evidenced immunostaining of epithelial cells. Thymic
TSH receptors were postulated to play a role in
the development of TTH in patients with Graves’
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disease [77]. Moreover, Wortsman et al. [78] showed
that immunoglobulins from a patient with Graves’
disease were able to stimulate thymocyte mitogene-
sis in vitro, suggesting an autoimmune mechanism in
the development of TTH.

TTH may also be caused by the direct action of
thyroid hormones on the thymus. Hyperplasia of the
thymus was induced in mice treated with triiodothy-
ronine (T3) during the first month of life [79]. After
T3 administration, the number of thymic epithelial
cells almost doubled in both cortex and medulla,
whereas lymphocytes mainly increased in the cortex.
Moreover, nuclear receptors for T3 can be detected
in primary cultures of both mouse and human thymic
epithelial cells [80, 81]. The direct action of T3 on
thymic cells might explain the occasional develop-
ment of TTH in children during therapy for primary
hypothyroidism [82]. In such cases, the thymic en-
largement arises during the transition from hypo- to
euthyroidism.

An enlarged thymus can be frequently observed
on CT scans of thyroid cancer patients and may raise
the suspicion of metastatic disease. In the study of
Niendorf et al. [83], the thymus was identified in 24
of 57 patients who had had a previous diagnosis of
differentiated thyroid cancer and imaging criteria for
TTH were met in 19 (33%) of them. Evidence of thy-
roid metastatic disease was observed in 17 patients,
two of whom also showed TTH, whereas of the 40
patients without metastatic disease 22 had TTH. In
the majority of cases, the enlarged thymus showed a
pyramidal configuration on CT, which permitted an
easy distinction of this entity from metastatic cancer.
Of interest, anterior mediastinal uptake of iodine-131
has also been observed in some patients with thyroid
cancer [84, 85]. The mediastinal uptake disappeared
after surgical removal of the thymus and, at
histopathological examination, the thymuses showed
hyperplasia with no evidence of metastatic foci of
thyroid carcinoma or thyroid tissue.

The mechanism for TTH associated with thyroid
cancer appears to be different from the classic re-
bound TTH observed in other malignancies in which
hyperplasia usually develops after chemotherapeutic
treatment. TTH in patients with thyroid cancer does
not appear to be related to the presence of stimula-
tion of intrathymic TSH receptors, because the rou-
tine treatment of such patients with supraphysiolog-
ic doses of thyroid hormones results in low TSH lev-
els via a negative feedback mechanism. Niendorf et
al. [83] postulated that TTH in patients with thyroid
cancer can rather be directly induced by the excess
thyroid hormone usually administered for suppres-
sive therapy.

TTH and Growth Hormone

Longstanding overproduction of growth hormone
(GH) can induce TTH. Bazzoni et al. [86] report-
ed the case of a 23-year-old female acromegalic pa-
tient with a mediastinal mass, that after surgical re-
moval was diagnosed as TTH. Polgreen et al. [87]
described a 7-year-old patient with TTH diagnosed
after initiation of recombinant human GH therapy
for the treatment of GH deficiency. The girl had a
history of embryonal rhabdomyosarcoma of the
rhinopharynx diagnosed at the age of 3 years and
treated with radiotherapy and chemotherapy. After
3 months of GH therapy, a chest CT scan evidenced
89% increase in the thymic volume that turned out
to be hyperplasia at thoracoscopic biopsy. Accord-
ing to the authors, the close temporal relationship
between initiation of GH treatment and develop-
ment of TTH suggests an etiologic effect of GH,
making the probability of postchemotherapy re-
bound TTH unlikely. Accordingly, experimental in
vitro studies have shown that the thymus is a tar-
get organ for GH [88]. Both T-lymphocytes and
thymic epithelial cells express GH receptors [88,
89], whereas other studies have shown that GH
modulates thymocyte development in vivo [90]
and induces proliferation of thymic epithelial cells
[91]. Of interest, administration of exogenous GH
in a GH-sufficient adult man was shown to cause
partial thymic regeneration with reversal of the nor-
mal age-related involution [92].

TTH and Cushing’s Syndrome

TTH has been described in patients with Cushing’s
syndrome when cortisol levels drop after surgical
resection of an ACTH-secreting pituitary adenoma
or cortisol-producing tumor. The mechanism in-
volved is that of a classic “rebound” hyperplasia
that follows thymic depletion resulting from ele-
vated plasma glucorticoid concentrations. Oral ad-
ministration of corticosteroids in infants induces
rapid atrophy of the thymus, which is followed by
fast regrowth after cessation of steroid treatment
[93]. Three cases of TTH after remission of Cush-
ing’s syndrome were reported by Doppman et al.
[94]. The authors pointed out that, when hypercor-
tisolism results from ectopic ACTH production by
a tumor of the lung or mediastinum, the appearance
of a mediastinal mass after surgery may be confused
with tumor recurrence and lead to diagnostic tho-
racotomy. Tabarin et al. [95] described five cases of
pseudo-tumors of the thymus after correction of hy-
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percortisolism in patients with ectopic ACTH syn-
drome. In patients that underwent exploratory tho-
racotomy, histological examination showed TTH
with negative immunostaining for ACTH. The time
course of TTH after treatment of Cushing’s syn-
drome cannot be predicted. TTH has been observed
as early as 3-4 weeks after decline of cortisol lev-
els and has persisted for several months [94]. In
Tabarin’s cases, it developed 6-14 months after re-
mission of hypercortisolism. In a patient who did
not undergo thoracotomy [95], it spontaneously
disappeared 11 months after its demonstration in
CT scans and magnetic resonance imaging of the
thorax. The case reported by Ohta et al. [96] is un-
usual, since TTH was shown to be the source of ec-
topic ACTH production. A thymic mass was evi-
denced in a 26-year-old man, who had undergone
both trans-sphenoidal exploration of the pituitary
with no evidence of microadenoma and bilateral
adrenalectomy because of progressive hypercorti-
solism. Skin pigmentation had gradually developed
with marked elevation of plasma ACTH levels. Af-
ter thoracotomy, the mediastinal mass was found to
be an ACTH-producing TTH. Northern blot analy-
sis and in situ hybridization evidenced the expres-
sion of proopiomelanocortin transcripts in the
thymic lymphocytes. No increase of the thymic
weight was observed in a study of 37 necropsies of
patients with Addison’s disease [97].

TTH and Autoimmune Diseases

The presence of TTH in autoimmune diseases has
been observed in some anecdotal reports, but rarely
investigated in large series of patients. Ferri et al. [98]
studied thymus alterations in 34 consecutive pa-
tients with systemic sclerosis by means of unen-
hanced multidetector computed tomography. Major
thymus alterations (abnormally enlarged or nodular
thymus) were detected in a statistically significant
percentage of cases compared with controls (7/34,
ie.,21%,vs.0/34; p=0.011). They were observed in
patients with shorter disease duration and were usu-
ally associated with serum anti-Scl70 antibodies.
Thymectomy was carried out in two patients and
histopathological examination revealed TTH, where-
as an additional patient developed myasthenia gravis.
Overlap with follicular hyperplasia of the thymus
cannot be excluded in this last case.

Histologically confirmed TTH was also associat-
ed with sarcoidosis in a 34-year-old woman [99] who
was found to have a mediastinal mass at chest radi-
ographs.

Massive Thymic Hyperplasia

Massive thymic hyperplasia (MTH), also known as
“thymic hyperplasia with massive enlargement” or
“massive thymic enlargement”, is an extremely rare
variant of TTH characterized by a “massive” increase
in the size and weight of the thymus. There are no
generally accepted criteria for the definition of this
entity. According to Arliss et al. [11], TTH is called
massive when the thymus weight exceeds 100 g.
Linegar et al. [10] applied the following criteria for
its diagnosis: (1) the thymus should be larger than the
heart shadow on chest radiographs; (2) the thymus
weight should exceed several times the expected
weight for the patient’s age; (3) the thymus mass
should represent more than 2% of the body mass.
MTH has been described in infants and adoles-
cents. The great majority of cases are idiopathic, oc-
curring in the absence of any known provocative sys-
temic stress [10], although isolated reports describe
its development in connection with systemic diseases,
such as non-Hodgkin’s lymphoma [100] and lym-
phocytosis with hypogammaglobulinemia. Virus in-
fections or reduced level of circulating corticotropins
were postulated as possible explaining mechanisms
[101]. Thymus weights range from 125 g to 1260 g
[10, 13] (Fig. 5.3). The majority of patients are

Fig. 5.3 Massive thymic hyperplasia in a 4-year-old child,
who underwent thymectomy because of mild dyspnoea.
CT scans evidenced an ovoid mass in the antero-superior
mediastinum.The thymus weighed 210 g
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asymptomatic, but chest pain and mild dyspnoea
with reduction of pulmonary vital capacity and lobar
atelectasis have been reported [13]. Dysphagia due to
esophageal compression can also occur [102]. An
interesting case of recurrent MTH was reported by
Pompeo et al. [18] in a 20-year-old man who had been
treated with steroid therapy at age 4 because of mas-
sive enlargement of the thymus. No apparent cause
that could explain the recurrence was found.
Histological analysis typically reveals normal
thymic tissue with preservation of the cortical and
medullary architecture. Inmunohistological features
are similar to those of TTH. Nezelof and Normand
[103], using cytoenzymatic methods to identify ma-
ture T-lymphocytes, evidenced a quantitative reduc-
tion in mature T-cells and postulated that MTH is
caused by an abnormal intrathymic accumulation of
immature T-lymphocytes. The presence of myoid
cells in MTH has been documented with ultrastruc-
tural and immunohistochemical methods [102].

Follicular Thymic Hyperplasia (So-called
Thymitis)

Follicular hyperplasia (also known as lymphoid or lym-
pho-follicular hyperplasia) (FH) is characterized by the
occurrence of an increased number of B-lymphocytes
and lymphoid follicles with active germinal centers in
the thymus. In contrast to TTH, the weight and size of
the organ can be within the normal range (Fig.54). Be-
sides lymphoid follicles, plasma cell infiltration and an
increased amount of reticulin fibers are also present.
Although B-lymphocytes were initially thought not
to occur in the normal thymus, subsequent studies
were able to disclose the presence of B-cell antigen-
expressing cells in the thymic medulla of control thy-
muses of different ages (Fig. 5.5). According to Hof-

Fig. 5.4 Follicular hyperplasia of the thymus in a 32-year-
old woman with myasthenia gravis. The thymus featured a
triangular shape and weighed 32 g

mann et al. [104], such cells can be subdivided into
small lymphocytes and larger asteroidally shaped
cells. In 1943, Sloan [4] showed that lymphoid folli-
cles can be detected in approximately 10% of normal
thymuses. Similar data were observed by Henry [105],
whereas a higher incidence was reported by Middle-
ton [106] in an autopsy study. Follicular structures
were found in the thymus of 50% of people with no
evidence of autoimmune diseases who had died from
road traffic accidents, but the percentage rose to 70%
in the 6-39 years age group [106]. In normal thymus-
es, however, lymphoid follicles are small, inactive and
widely scattered, averaging less than 1 per low-power
field. In FH, the density and size of lymphoid follicles
are obviously increased (Fig. 5.6), although their

Fig.5.5 Collectio

mal thymus. Immunohistochemistry (streptavidin-biotin-
peroxidase method) with anti-CD20 antibody. Original mag-
nification: x6

Fig. 5.6 Macrosection of the thymus with follicular hyper-
plasia. Numerous lymphoid follicles are present in the medul-
la. Hematoxylin and eosin, x1.4 (original magnification)
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number can vary from patient to patient and even in
different areas of the same person. Objective criteria
for the diagnosis of FH are lacking. Judd and Bueso-
Ramos [107] reported an average of 3-4 lymphoid fol-
licles per low-power field in two cases of FH of the
thymus in Graves’ disease. In a morphometric analy-
sis of 26 cases of thymic FH in patients with myas-
thenia gravis, Moran et al. [108] found that the num-
ber of germinal centers can range from 2 to 19 per
case. In this study, germinal centers showed an aver-
age diameter of 0.02-0.43 mm, a perimeter of 0.38-
1.35 mm, and a cross-sectional area of 0.01-0.14 mm?.
Lymphoid follicles are structurally identical to
those found in peripheral lymphoid tissues, being
composed of germinal centers surrounded by mantle
zones (Fig. 5.7). The typical cellular composition of
centroblasts, centrocytes, follicular dendritic cells,
and tingible-body macrophages is observed in germi-
nal centers. Their immunophenotype is similar to that
detected in peripheral lymphoid tissues (Fig. 5.8). Of
interest, CD23 was found to be strongly expressed in
germinal center cells of hyperplastic thymuses from
patients with myasthenia gravis [109], being absent in
tonsillar germinal centers from nonmyasthenia gravis
patients. An increased number of B-lymphocytes,
polyclonal plasma cells, and mature peripheral type T-
lymphocytes have also been reported [110].
Although initially thought to infiltrate the thymic
medulla, lymphoid follicles and B-lymphocytes were
demonstrated to be located in the perivascular space,
adjacent to but outside of the epithelial network
[111]. The basal lamina that separates the perivas-
cular space from the thymic epithelial space appears
to be frequently disrupted in FH of the thymus [112],
allowing mixing of cells from the two compart-

Fig.5.7 Follicular hyperplasia of the thymus:lymphoid fol-
licles show germinal centers surrounded by mantle zones.
Hematoxylin and eosin, x10 (original magnification)

ments. The cortex of the thymus in these cases
shows a normal age-dependent morphology.

FH of the thymus is usually associated with
myasthenia gravis and other autoimmune diseases.
Less frequent associations have been described with
endocrine diseases.

Myasthenia gravis (MG) is an autoimmune disor-
der affecting the neuromuscular junction, character-
ized by the presence of either autoantibodies against
the nicotinic acetylcholine receptor in the postsynap-
tic muscle endplate (seropositive disease) or autoan-
tibodies against unknown targets (seronegative dis-
ease). The disease typically develops in the second to
fourth decades being more frequent in women, al-
though recent epidemiologic studies have shown an
increased number of elderly-onset cases [113, 114].

The thymus plays a crucial role in the pathogen-
esis of MG (see Chap. 8). Approximately 10-20% of
patients with MG harbor a thymoma, whereas thymic
FH with expansion of thymic perivascular space by
B-lymphocytes and lymphoid follicles is observed in
more than 60% of them [115, 116]. Myoid cells in
thymic FH from MG patients express acetylcholine
receptors (AChR) but do not appear to be increased,
as compared to normal thymuses [117], whereas ma-
ture dendritic cells are more numerous in non-
medullary areas, such as the outer cortex and around
germinal centers [118]. Interleukin production by
thymic epithelial cells and perifollicular macrophages
has been postulated to play a role in the development
of FH in MG patients [119]. Recurrence of thymic FH
after thymectomy, probably due to incomplete
surgery, has been reported [120]. Diffuse B-cell pro-
liferation lacking germinal centers can also be ob-
served in some MG patients, particularly after aza-

Fig.5.8 Expression of CD20 in lymphoid follicles in thymic
follicular hyperplasia. Immunohistochemistry (streptavidin-
biotin-peroxidase method), with anti-CD20 antibody. Orig-
inal magnification: x10
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thioprine treatment [121]. Since clusters of follicular
dendritic cells can be evidenced with immunohisto-
chemistry, these cases have been interpreted as early
stages of thymic FH [122]. Quite different is the his-
tologic aspect of the thymus in seronegative MG pa-
tients, since it shows an increase in mature T lym-
phocytes with normal number of B-cells in the ex-
panded perivascular space. Thymic atrophy is
detected in 10-20% of patients of MG [121], espe-
cially in elderly-onset cases [123].

FH of the thymus has also been associated with
other autoimmune diseases, such as systemic lupus
erythematosus [124, 125], progressive systemic scle-
rosis [126], theumatoid arthritis [127], and Behget’s
syndrome [128]. FH was described in two patients
with Sjogren’s syndrome showing elevated serum an-
tinuclear antibody levels [129]. In these cases, the
thymus contained also several cystic spaces separat-
ed by thick walls and lined by flattened cuboidal ep-
ithelium. The actual percentage of FH of the thymus
in patients with autoimmune diseases (other than
MG) is not available in the literature. Radiological
and/or histopathological studies have not been per-
formed in large series of patients. Aarli et al. [130]
studied three groups of thymectomized patients with
MG, observing FH of the thymus in 32 cases and thy-
moma in 16 of them. Among the 32 patients with FH,
systemic lupus erythematosus was associated in two
cases, whereas rheumatoid arthritis and juvenile di-
abetes mellitus were detected in two patients and one
patient, respectively. Polymyositis was observed in
two patients with thymoma. A retrospective analysis
of 79 patients with juvenile-onset MG was carried-out
by Lindner et al. [131], the mean age of onset being
13.7 years. Histopathological analysis was available
in 65 thymectomized patients. FH was detected in
89% of the thymectomized patients and the most fre-
quently associated immune-mediated diseases were
hyperthyroidism (six cases), diabetes mellitus (two
cases) and rheumatoid arthritis (two cases) [131].

Unusual associations, such as thymic FH with
histiocytosis X (eosinophilic granuloma) and MG
[132] or FH with pure red cell aplasia and secondary
erythropoietin resistance [133], have also been re-
ported.

The occurrence of thymic hyperplasia in Graves’
disease has been known for long time. Histopatho-
logic anomalies of the thymus characterized by the
presence of lymphoid follicles in the medulla were
stated to occur in approximately one third of patients
with thyrotoxicosis [134]. However, the exact nature
of the thymic changes in Graves’ disease has been
obscured by the frequent lack of histopathologic de-
scriptions. The occurrence of lymphoid follicles is

specifically mentioned in a few reports of thymec-
tomy specimens [74, 135-138], but the majority of
reported cases were based on radiologic studies on-
ly, with no thymic tissue available for histopathologic
analysis [107]. The approximate quantification of the
involvement of true hyperplasia versus lymphoid hy-
perplasia in the thymus of patients with thyrotoxi-
cosis is, therefore, difficult. The confusion in the lit-
erature on this topic is properly underlined by Judd
and Bueso-Ramos [107]. The authors described two
patients with Graves’ disease who underwent thymec-
tomy because of an anterior mediastinal mass. Com-
bined TTH and FH was diagnosed, since histopatho-
logic studies evidenced an increase in thymic weight
with expansion of cortical and medullary regions,
consistent with TTH, together with prominent lym-
phoid follicles in the medulla with active germinal
centers, typical of FH.

Isolated reports described the occurrence of
thymic FH in patients with liver cirrhosis [139] or ul-
cerative colitis [140]. Thymectomy has been sug-
gested by some Japanese authors in patients with ul-
cerative colitis who are resistant to conventional ther-
apy. In 78 patients with ulcerative colitis treated by
thymectomy, histological examination disclosed hy-
perplasia of the thymic epithelial cells and presence
of lymphoid follicles [141].

Thymic Changes in Infectious Diseases

Little is known about the morphological changes that
occur in the thymus in infectious diseases. The most
documented alterations were described in patients
with HIV infection and only sporadic reports deal
with those occurring in other diseases.

HIV Infection

Thymus tissues removed from adult patients who
died from acquired immunodeficiency syndrome
(AIDS) show pronounced involution and loss of
normal thymic architecture. The cortex and medulla
are effaced and the normal cortico-medullary de-
marcation is lost [142, 143]. Both thymocytes and
epithelial elements are markedly depleted. Epithelial
cells are spindle-shaped and consist mainly of thin
cords and small nests, exhibiting at times pyknotic
nuclei [143, 144]. Striking paucity of Hassall’s bod-
ies was noted in all reported cases. In 14 thymuses
removed from people who died from AIDS, Grody
et al. [144] evidenced absence of Hassall’s bodies in
four cases and marked calcification in the remaining
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ten cases. Changes in Hassall’s bodies were not ob-
served in control cases (patients with chronic or de-
bilitating illnesses other than AIDS) [144]. Addi-
tional reported alterations were the presence of vari-
able degrees of plasma cell infiltration and patchy
fibrosis [142], accompanied by vascular changes,
such as hyalinization and onion-skin patterns [144].
At immunohistochemistry, cells positive for HIV-1
gag and env proteins were detected in low numbers,
both inside the thymic epithelial space and in the
perivascular space [145]. Increased numbers of
CD8+ T-lymphocytes, especially in perivascular ar-
eas, were described [146, 147].

The histopathologic findings of the thymus in pe-
diatric HIV infection are similar to those detected in
adults. Precocious involution, often mimicking dys-
plasia, and lymphomononuclear or plasmacytic infil-
trates with medullary lymphoid follicles were ob-
served in thymic biopsies of 11 children with AIDS
[148]. In 29 pediatric autopsies of AIDS patients
(mean age: 1.77 years), Quijano et al. [149] evi-
denced severe lymphoid depletion of the thymus with
plasmacytic infiltrates and Warthin-Finkeldey multi-
nucleated giant cells. Hassall’s bodies were absent in
three cases and calcified in three patients, whereas they
showed microcystic transformation in four cases.

The early phases of thymic changes were studied
in juvenile rhesus monkeys (Macaca mulatta) experi-
mentally infected with simian immunodeficiency virus
[150]. The first changes were observed 12-24 weeks
after infection and consisted of narrowing of the
thymic cortex, characterized by widespread loss of
cortical epithelial cells and reduction of the immature
CD4+/CD8+ double-positive T-cells. No increase of
pyknotic T-cells, but rather a decrease in their prolif-
eration rate was detected [151]. A few reports describe
the histological features of the thymus in the initial
stages of HIV infection in human adults. In a 28-year-
old man with thymus enlargement and early AIDS,
thymic biopsy revealed persistence of many Hassall’s
bodies and lymphoid follicular hyperplasia, almost
identical to that seen in myasthenia gravis. HIV RNA
and p24 HIV protein were evidenced in the germinal
centers, both in lymphoid cells and in follicular den-
dritic cells [152]. Similar findings were observed by
Burke et al. [153] in the thymic tissue collected from
11 HIV-1 seropositive drug users who had died sud-
denly from drug intoxication or trauma, but had nev-
er shown AIDS symptoms. Lymphoid follicles were
present in all thymuses, sometimes accompanied by
Warthin-Finkeldey multinucleated giant cells. In situ
hybridization demonstrated viral RNA in hyperplas-
tic follicles and in scattered medullary lymphocytes
[153]. The authors concluded that lymphoid follicular

hyperplasia, similar to that observed in lymph nodes
and spleen, characterizes the early stages of HIV in-
fection in the thymus, thus preceding the marked in-
volution usually detected in all AIDS fatal cases.

Histopathologic changes similar to those de-
scribed in late AIDS patients have been observed in
primary immunodeficient states, and in patients with
graft-versus-host disease or after cyclosporine ther-
apy. In malnourished people, the thymus appears at-
rophic, but shows a normal number of cystically di-
lated Hassall’s bodies [146].

An unusual form of thymic lesion associated
with HIV infection in children is the multilocular
thymic cyst. The architecture of the thymus is dis-
torted by the presence of multiple cystic cavities,
usually lined by squamous epithelium, associated
with follicular hyperplasia with prominent germinal
centers and diffuse plasmacytosis. Islands of resid-
ual thymic tissue can be seen within the cyst walls,
together with cholesterol granulomas and fibrovas-
cular proliferation [154-156]. Eight cases of multi-
locular thymic cysts in HIV-infected pediatric pa-
tients (age range: 2.1 to 12.1 years) were reported by
Kontny et al. [154]. The anterior mediastinal mass
had been incidentally discovered in all cases and its
multiloculated appearance was well depicted at com-
puted tomography. At follow-up, the mass resolved
completely or decreased in size in five patients. In
another series of four cases of multilocular thymic
cysts in HIV-infected children, described by Avila
[156], the mass decreased in volume in two patients,
did not change in one, and increased in size in the re-
maining one. It was postulated that aberrant im-
munoregulation in HIV-infected children can lead to
follicular hyperplasia and cystic transformation of
Hassall’s bodies and thymic epithelial cells [154].

Multilocular thymic cysts were also described in
HIV-negative patients in association with Sjogren’s
syndrome [157], mediastinal yolk sac tumors [158],
mediastinal seminomas [159], thymoma [160], or
follicular hyperplasia of the thymus [129].

Other Infectious Diseases

Thymic alterations were studied in 35 patients who
died from infectious mononucleosis [161]. The
largest group of patients was affected by the X-linked
lymphoproliferative syndrome, but 14 of them were
not. The most important changes were described in
Hassall’s bodies, which were either moderately re-
duced in number or markedly depleted. In seven cas-
es, no Hassall’s bodies were identified. The destruc-
tion of Hassall’s bodies was similar in appearance to
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that evidenced in other immune deficiency disorders.
Effacement of the thymic architecture by massive
lymphoproliferation was detected in six cases. Ep-
stein-Barr virus was visualized in B-cells surround-
ed by cytotoxic T-cells in one patient only [161].

Miliary tuberculosis and brucellosis have been
sporadically reported to affect the thymus, causing
the same histopathologic changes usually observed
in other lymphoid organs [162]. Of interest, after
aerogenic or intravenous infection in mice, the thy-
mus has been found to be consistently colonized by
mycobacteria, such as M. tuberculosis, M. avium and
M. bovis [163]. Granulomatous lesions, although
present in lungs, were not identified in thymic tis-
sues. The authors postulated that direct infection of
the thymus might alter the host’s immune response
to mycobacteria.
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Introduction

The gamut of benign and malignant lesions that can
occur in the mediastinum or thymus is wide in spec-
trum and beyond the scope of a chapter dealing with
this rich pathology. This chapter will focus on pri-
mary mediastinal lesions with special interest in
those that are more commonly seen. Although
metastatic tumors to the mediastinum, in some cir-
cumstances, may mimic primary mediastinal tumors,
they will be addressed in the context of the primary
mediastinal lesions.

Benign Tumors

The presence of benign tumors in the mediastinal
compartment can be viewed in two different aspects,
namely benign cystic lesions and benign solid tu-
mors.

Benign Cystic Lesions

Mediastinal cysts are some of the most commonly
encountered benign tumors in this region. Important
to note is that some of these benign cysts, although
not necessarily of thymic origin, are coded under
the designation of mediastinal cysts just by the fact
that some gastrointestinal or upper respiratory struc-
tures are located in the mediastinal compartment.
Some of these cysts will include esophageal, en-
teric, and bronchogenic cysts. In any of those cysts,
the lining covering such structures will lead to the
correct interpretation, i.e., columnar, respiratory,
and squamous epithelium. However, in cases in
which the lining of these cystic structures is diffi-
cult to determine, a good number of these cysts are
gathered under the designation of foregut cysts. Re-
garding more specifically thymic cysts, the two
most important are the unilocular and the multiloc-

oz Benign and Malignant Tumors

ular thymic cyst [1, 2]. Unilocular thymic cysts are
simple cysts with virtual absence of reactive or in-
flammatory changes. Unilocular cysts are more
commonly seen in the pediatric age group, and his-
tologically the diagnosis does not pose a problem.
Multilocular thymic cysts (MTC) occur namely in
adult individuals and may pose some difficulties in
diagnosis.

Multilocular Thymic Cyst (MTC)

MTC is a distinctive thymic lesion probably unre-
lated to congenital (unilocular) thymic cyst, which
has been postulated to derive from an acquired in-
flammatory reactive process [2]. Because of the
large size and extension into adjacent structures,
these lesions clinically may be confused with a ma-
lignant neoplasm.

Due to this particular fact — extension to adja-
cent structures — complete surgical resection is of
great importance. In some cases in which complete
surgical resection is not accomplished, recurrences
of these lesions have been recorded [2]. To be un-
derscored is the fact that many other tumors, either
primary or metastatic to the mediastinum, may al-
so present with MTC-like features. Thus, extensive
sampling and adequate clinical information are
imperative.

Histologically, MTC shows distinctive features,
namely the presence of multiple cystic structures
separated by areas of fibrosis, inflammatory infil-
trate, and/or residual thymic tissue. The cystic struc-
tures are usually lined by squamous epithelium,
which at times may show atypical squamous fea-
tures and pseudoepitheliomatous hyperplasia [3, 4]
mimicking a possible squamous cell carcinoma.
Other areas may show dilated Hassall’s corpuscles,
lymphoid hyperplasia, cholesterol cleft granulo-
mas, or even extensive areas of hemorrhage (Figs.
6.1,6.2). Although necrosis may be present in these
cysts, it is usually not extensive or the main com-
ponent of these lesions.
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Fig.6.1 Multilocular thymic cyst showing a cystic structure
with lymphoid hyperplasia

Solid Benign Tumors
Sclerosing Mediastinitis

Several processes showing inflammatory and fi-
brosing changes in which the etiology is not deter-
mined have been grouped under the designation of
idiopathic fibroinflammatory (Fibrosing/Sclerosing)
lesions of the mediastinum [5]. In general, these le-
sions are characterized by extensive fibrosis that may
involve mediastinal structures such as great vessels,
pleura, pericardium, and thymus. Although, as stat-
ed before, a specific cause has not been determined,
there is speculation that these lesions may obey im-
munological disturbances [6, 7]. The process appears
to more commonly affect black people, and an anal-
ogy between sclerosing mediastinitis and keloid has
been drawn [8]. Important to note is that similar le-
sions may also occur in the background of infectious
conditions, namely fungal diseases such as histo-
plasma, blastomyces, etc.

Fig.6.2 Multilocular thymic cyst with dilated Hassall’s cor-
puscles and lymphoid hyperplasia

Histologically, three main stages have been de-
scribed in these lesions: Stage I: predominantly ede-
matous with admixed spindle cells, inflammatory
cells, and thin-walled vessels (cytologic atypia and
necrosis are absent); Stage II: ill-defined lesions
composed of hyalinized connective tissue with scat-
tered inflammatory cells; and Stage III: lesions com-
posed predominantly of dense or sclerotic fibrocon-
nective tissue (calcifications may be present, cellu-
larity and inflammatory cells are inconspicuous).

Thymolipoma

Thymolipoma is an unusual benign tumor of the thy-
mus that often is reported as a peculiarity. Only a few
large series of these unusual tumors have been re-
ported [9, 10]. These tumors may occur in any indi-
vidual at any age, and cases in patients younger than
10 years have been documented [9]. Patients may be
completely asymptomatic or present with symptoms
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due to compression of the tumor in adjacent struc-
tures. No association between thymolipomas and
myasthenia gravis has been documented.

Histologically, the tumors are composed of vari-
able amounts of mature adipose tissue intermixed
with remnants of thymic tissue. Hassall’s corpuscles
may appear dilated and calcified (Fig. 6.3).

Hemangioma

Hemangioma is a benign vascular tumor of unusu-
al occurrence in the mediastinal region [11, 12].
These tumors can occur at any age without sex dis-
crimination, although they are more common in
younger individuals under 35 years of age. Clini-
cally, the patients may be asymptomatic or present
with symptoms related to the size of the tumors
such as cough, chest pain, etc. Mediastinal heman-
giomas may reach a large size of more than 10 cm
in greatest diameter, and some authors consider that
they do not represent true tumors but vascular mal-
formations.

Histologically, these tumors show similar features
as those occurring in soft tissues, namely capillary
hemangiomas characterized by a solid proliferation
of endothelial cells with dilated small vessels, while
other tumors show dilated vascular spaces with in-
flammatory infiltrate, fibrous tissue, and smooth
muscle proliferation.

3.3 8 B AR S A A S Cas
Fig. 6.3 Thymolipoma showing remnants of thymic and
adipose tissue

Benign Neuroendocrine Tumors

The two most important tumors to be considered in
this family include paraganglioma and ectopic
parathyroid adenomas.

Paraganglioma

These tumors are also named aortic body tumors be-
cause of their anatomic predisposition in the aortic
arch. However, these neoplasms may also occur in the
posterior mediastinum [13, 14]. Although more com-
mon in the adult population, these neoplasms have
been also documented in younger patients. Some pa-
tients may present with symptoms related to the func-
tionality of the neoplasms including headache, hy-
pertension, and sweating, while others may be asymp-
tomatic. The tumors are usually small, but they can
reach about 10 cm in diameter.

Histologically, these tumors show the classic so-
called zellballen pattern of growth, composed of islands
of larger cells with macronuclei. In some cells the nu-
clei are bizarre, giving the impression of a malignant
neoplasm (Figs. 6.4, 6.5). However, despite the cellu-
lar atypia, mitotic activity is absent or rare. Extensive
hyalinization may be seen in these cases, while in oth-
ers the pattern of growth may be that of a spindle cell
proliferation. In some cases, immunohistochemical
studies may be necessary to corroborate the diagnosis

...-'\ SRR ),

Fig. 6.4 Paraganglioma with a classic nesting pattern and
dilated vascular structures
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and to separate these tumors from other more aggres-
sive neuroendocrine neoplasms. Positive staining for
neuroendocrine markers, such as chromogranin and
synaptophysin, and negative staining for epithelial
markers, such as keratin, are features of paragan-
gliomas. S-100 protein is positive in sustentacular cells.

Mediastinal Parathyroid Adenomas

These are very unusual neoplasms. Recently, a large
series showed that these tumors occurred essential-
ly in adult individuals with abnormalities in the me-
tabolism of calcium and phosphorus and in whom
neck exploration failed to reveal an enlarge parathy-
roid gland [15]. The size of these tumors is rarely
large, and the diagnosis is confirmed by surgical re-
section of the tumor.

Histologically, the tumors show the same features
of parathyroid adenomas of the neck, which essen-
tially may show oncocytic, clear cell features or a
combination of both with discrete vascular spaces.
Although mitotic figures may be present, they are
rare. No necrosis or fibrous bands separating the cel-
lularity are components of mediastinal parathyroid
adenomas. However, in large tumors, the possibility
of parathyroid carcinoma needs to be ruled out. Ec-
topic parathyroid carcinomas in the mediastinum
have also been reported. The presence of necrosis, fi-
brous bands, and mitotic activity are features com-
monly associated with carcinomas. Immunohisto-
chemically, parathyroid adenomas just like other
neuroendocrine neoplasms, may also show positive

staining with neuroendocrine markers such as chro-
mogranin and synaptophysin. Parathyroid adenomas
may also show positive staining for epithelial mark-
ers such as keratin. The use of immunohistochemi-
cal staining for parathyroid hormone is crucial in es-
tablishing a correct interpretation.

Benign Lymphoid Lesions

The most important lesion in this family is Castle-
man’s disease. Although this condition represents
mainly an enlargement of lymph nodes, the lesion in
the mediastinum may resemble other more common
tumors such as thymomas [16, 17]. Patients may pre-
sent with symptoms of fever and hyperglobulinemia.
Histologically, two variants have been described: the
plasma cell variant which is characterized by the
presence of sheets of mature plasma cells with areas
in which remnants of lymphoid follicles may still be
present, and the hyaline-vascular variant character-
ized by the presence of small germinal centers with
a concentric arrangement, so-called onionskin. Some
germinal centers may show penetration by a capil-
lary, which has been called a lollipop appearance.

Other Unusual Benign Tumors

Although there are many benign tumoral conditions
that may present as anterior mediastinal lesions,
some that need to be kept in mind include adeno-
matoid tumors [18], Langerhans cell histiocytosis
(histiocytosis X) [19], and Rosai-Dorfman’s disease
[20] of the mediastinum. Although these conditions
are rare, they need to be considered in the differen-
tial diagnosis of tumors of unusual histology or le-
sions composed of histiocytes.

Malignant Tumors

The mediastinum can be the seed of a wide variety
of malignant tumors of epithelial, neuroendocrine,
germ cell, mesenchymal, or lymphoid origin. To fa-
cilitate their study in this chapter, they will be sepa-
rated accordingly.

Thymic Epithelial Neoplasms
The two most important representatives of these tu-

mors are thymoma and thymic carcinoma. These en-
tities will be discussed separately.



Chapter 6 - Benign and Malignant Tumors 59

Thymoma

Over the last decade, the study of thymomas has gen-
erated a great deal of interest, and several classifica-
tion systems have been presented including an adapt-
ed World Health Organization (WHO) schema based
on previously published classification systems. In-
terestingly, not one of the currently available systems
or even the schema of the WHO has gained unani-
mous acceptance. Needless to say, the practical ap-
plication of the WHO schema may not only be com-
pletely arbitrary but also quite difficult and prob-
lematic [21-36]. Therefore, the study of thymomas is
still an evolving one. Table 6.1 depicts the most com-
monly used systems in the diagnosis of thymoma.
Most authors believe that the single most important
factor in predicting outcome in these patients is the
capsular integrity of the tumor, leaving histology of
the tumor as a secondary issue. Regarding the patho-
logical staging of these tumors, the most accepted
system is the one proposed by Masaoka and modi-
fied by Koga [25]. For practical purposes, the diag-
nosis of thymomas should include not only whether
the tumor is or is not encapsulated but also the ex-
tent of invasion, if invasive, and the histological type
of the tumor.

Histologically, even though there are several clas-
sifications and the schema of the WHO for thymo-
mas, these classifications still emphasize the propor-
tion of lymphocytes present in the tumor. There are
only a few differences in some of the classification
systems for the diagnosis of “mixed” thymomas. The
fact is that thymomas are well known to show a wide
variety of growth patterns and morphological
changes. Thus, the significance of these histological
classification systems will help only to properly clas-
sify some of the cases. In addition, the more histo-
logical sections one has available for review, the more
likely that a great majority of thymomas will show
mixed histologies, thus casting serious doubt as to the
usefulness of these classifications with respect to de-
termining outcome by histology (Figs. 6.6-6.8).

Fig. 6.6 Encapsulated Thymoma (Type B1, cortical, lym-
phocyte-rich)

Fig.6.7 Invasive Thymoma (Type A, medullary, spindle cell)

Table 6.1 Commonly used nomenclatures for thymomas with the respective synonym in the WHO Schema

WHO schema Suster & Moran Muller-Hermelink Conventional
Type A Thymoma Medullary Spindle

Type AB Thymoma Mixed -

Type B1 Thymoma Predominantly cortical Lymphocyte-rich
Type B2 Thymoma Cortical Mixed

Type B3 Atypical thymoma Well-differentiated Ca Epithelial-rich
Type C Thymic carcinoma Carcinoma -
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Fig.6.8 Mixed Thymoma (Type A, B, cortical and medullary,
spindle cell and lymphocyte-rich)

Thymic Carcinoma

By definition, thymic carcinoma is a tumor originat-
ing from the thymic epithelium with overtly cyto-
logic features of malignancy and loss of organotyp-
ical features of thymic differentiation (Fig. 6.9) [37-
45]. Similar to thymomas, controversy still exists
regarding criteria for this tumor’s diagnosis, and just

Fig. 6.9 Thymic carcinoma, low grade. Note the loss of
organotypical features of thymoma

the same as thymomas, thymic carcinomas may al-
so show a wide spectrum of histopathological pat-
terns. Thus, of significant importance in the diagno-
sis of thymic carcinoma is a strict clinico-radiologi-
cal-pathological correlation. In other words, his-
tologically speaking, since thymic carcinomas will
display similar features as carcinomas of other ori-
gins, such a diagnosis must be based on exclusion of
carcinoma elsewhere. From the morphological point
of view, there is some agreement that there are two
different histological variants: low-grade and high-
grade thymic carcinomas (see Table 6.2).

Neuroendocrine Carcinomas

Primary neuroendocrine carcinomas (carcinoids) of
the thymus are unusual and represent less than 5%
of all mediastinal tumors [46-56]. Although the ma-
jority of these neoplasms follow an aggressive be-
havior, the prognosis may also be closely related to
the degree of differentiation, and to the extent of the
tumors at the time of diagnosis. The prognosis may
also depend on any underlying medical disease as-
sociated with these tumors. Thymic neuroendocrine
tumors can be associated with the multiple endocrine
neoplasia syndrome type I (MEN-type 1) as well as
to other conditions including Sipple syndrome, hy-
perparathyroidism, ADH secretion, and Eaton-Lam-
pert syndrome among others. The nature of these tu-
mors leads one to the preferable designation of car-
cinoma rather than the ambiguous term of
“carcinoid”. In addition, contrary to the schema pre-
sented by the WHO in their latest version into two
different categories, a three-way classification sys-
tem into well (low-grade), moderately (intermediate-
grade), and poorly differentiated (high-grade) neu-
roendocrine carcinoma is more useful, as has been
proposed by others. The histological criteria for
these particular diagnoses is as follows:

Table 6.2 Sub categorization of thymic carcinoma

Low grade carcinoma
Well-differentiated squamous cell carcinoma
Low-grade mucoepidermoid carcinoma
Basaloid carcinoma

High-grade carcinoma
Lymphoepithelioma-like carcinoma
High-grade mucoepidermoid carcinoma
Small cell carcinoma
Anaplastic carcinoma
Sarcomatoid carcinoma
Clear cell carcinoma
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— Well-differentiated (Carcinoid): organized nesting
pattern, mild cellular atypia, mitotic figures, few-
er than 3x10 hpf, necrosis only focal (Fig. 6.10).

— Moderately-differentiated (Atypical Carcinoid):
nesting pattern alternating with sheets of neo-
plastic cells, moderate cellular atypia, mitotic
figures more than 3 but fewer than 10x10 hpf.
Necrosis, often comedo-like necrosis easily iden-
tified (Fig. 6.11).

Fig. 6.10 Well differentiated neuroendocrine carcinoma
(Carcinoid Tumor). Tumor shows absence of increased mi-
totic activity and/or necrosis

Fig.6.11 Moderately differentiated neuroendocrine carci-
noma (Atypical carcinoid). Note the presence of necrosis
and nuclear atypia

— Poorly differentiated (small cell or large cell neu-
roendocrine carcinoma): loss of organized pat-
tern, prominent cellular atypia, mitotic figures
easily encountered, more than 10X 10 hpf, necro-
sis, and hemorrhage.

It is important to note that in a limited medi-
astinoscopic biopsy, a definitive diagnosis regarding
the classification system may be difficult, namely for
the low-grade tumors. In addition, the use of im-
munohistochemical studies to corroborate the diag-
nosis is in many cases useful, as these tumors will
stain positively with neuroendocrine markers, in-
cluding chromogranin and synaptophysin as well as
epithelial markers like keratin. The separation of
these tumors into a three-way category system allows
for better follow-up and perhaps for better decisions
regarding additional treatment.

Neuroblastoma and Ganglioneuroblastoma

Both of these tumors are more common in the pedi-
atric age group. However, they rarely occur in adults,
and although these tumors have a predilection for the
posterior mediastinum, similar cases have also been
described in the anterior mediastinum in association
with the thymic gland [57-59]. In a large series of
these tumors in the posterior mediastinum, all the pa-
tients were under 25 years of age, and the prognosis
was related to the histologic growth pattern, age, and
extent of the disease at the time of diagnosis.
Histologically, the tumors may show predomi-
nance of either component, ganglioneuromatous or
blastomatous. The neoplastic cellular proliferation
may be arranged in a vague lobular pattern separat-
ed by thin fibroconnective tissue and composed of
small cells with inconspicuous nuclei and low mitotic
rate. The cells are embedded in a fibrillary back-
ground, the so-called neurophil. The presence of larg-
er cells with ample eosinophilic cytoplasm and round
prominent nuclei will determine the ganglioneuro-
matous component. These cells may be sparse and
difficult to find, while in other cases they may be the
major component of the tumor. Areas of hemorrhage,
necrosis, and calcifications may be present.

Germ Cell Tumors (GCT)

These tumors are well known to occur along the mid-
line including the anterior mediastinum. Due to their
rarity, only a few comprehensive studies of these tu-
mors are documented [57-72]. In general, mediasti-
nal GCT may account for no more than 15% of all
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mediastinal tumors. However, there are some differ-
ences in the histopathologic type and age of occur-
rence. For instance, seminomas are rarely seen in the
pediatric age group in contrast to the occurrence of
teratomatous lesions. In addition, mediastinal GCT
are tumors of almost exclusive occurrence in men.
Even though there are reports of non-teratomatous
tumors in females, they may be exceedingly rare. The
tumors that sporadically happen in female patients
are teratomatous tumors. Although teratomatous tu-
mors are more common, seminomas are not too far
behind, and both of these tumors represent the most
common GCT in the mediastinal compartment. Non-
seminomatous and non-teratomatous tumors are rare
and are below 25% in relation to other GCT.

A classification for mediastinal GCT has been
proposed with only a slight change with regard to ter-
atomatous tumors. Unfortunately, terms such as ter-
atocarcinoma, which represent a teratoma plus em-
bryonal carcinoma, have been used in the past as a
synonym for teratomas with a malignant component.
For practical purposes, the diagnosis of teratomatous
lesions should include not only the malignant com-
ponent present but also the percentage of it. There-
fore, GCT are classified as follows:

— Mature teratoma: tumor composed of mature el-
ements of the three distinct germinal layers,
which may include intestinal epithelium, pan-
creas, glial tissue, etc.

— Immature teratoma: similar to mature teratoma
but with an additional component of immature
neuroectodermal tissue in the form of neuro-
tubules, rosettes, and/or immature mesenchymal
tissue.

— Teratomas with malignant component:

Type I: associated with another GCT, i.e., semi-
noma.
Type II: associated with another malignant ep-

ithelial neoplasm, i.e., squamous cell
carcinoma.
Type III: associated with a malignant mesenchy-
mal component, i.e., chondrosarcoma.
Type IV: any combination of the above.
— Seminoma.
— Yolk sac tumor (Endodermal sinus tumor).
— Choriocarcinoma.
— Combined non-teratomatous tumors (a combina-
tion of any of the above).

Seminoma

The acceptance of this neoplasm in the mediastinum
dates back to the mid-1950s as a case report. In the

past, similar tumors have been placed under the des-
ignation of seminomatous thymoma due to the lack
of acceptance for the occurrence of GCT outside of
the gonads. The tumor appears to be an exclusive tu-
mor of men with a peak incidence in young adults.
However, the tumor may also occur in older indi-
viduals. Similar syndromes, as those occurring in pa-
tients with testicular seminomas, have been de-
scribed in mediastinal seminomas, including Kline-
felter syndrome. Clinically, some of these patients
may be asymptomatic or with symptoms related to
the size of their tumor compressing adjacent medi-
astinal organs.

Histologically, the neoplastic cellular prolifera-
tion is composed of medium-sized cells with round
nuclei and inconspicuous nucleoli, moderate
eosinophilic cytoplasm, low mitotic activity, and the
presence of a discrete inflammatory reaction com-
posed of lymphocytes (Fig. 6.12). Thymic remnants,
non-caseous granulomatous reaction, and cystic
changes may be present in some cases. Immunohis-
tochemical studies are commonly used to corroborate
the diagnosis and include positive staining in tumor
cells for placental-like alkaline phosphatase (PLAP).
The tumors are also positive with epithelial markers
such as epithelial membrane antigen (EMA) and low
molecular weight keratin CAMS5.2. More recently,
CD117 (c-Kit) has been found positive in tumor cells
of seminomas.

sic lymphocytic component
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Non-Seminomatous Germ Cell Tumors

Yolk Sac Tumor

This tumor is the most common in this family of tu-
mors and by far the most versatile of all. The classi-
cal presentation is that of a neoplastic cellular prolif-
eration composed of rather small cells with scant cy-
toplasm, small nuclei, and inconspicuous nucleoli,
with the presence of intra- and extracytoplasmic hya-
line globules (Fig. 6.13). The most characteristic fea-
ture of this tumor is the presence of the so-called
Schiller-Duval bodies, which are pathognomonic of
this tumor. Areas of necrosis, hemorrhage, and/or
high mitotic activity may be encountered in some tu-
mors. Morphological variants including the hepatoid,
intestinal, and spindle cell variant have been de-
scribed. Immunohistochemically, the tumor cells may
react with alpha-feto protein (AFP) as well as with ker-
atin antibodies.

Embryonal Carcinoma

In its pure form, this tumor is rare and often is ac-
companied by yolk sac tumor. Histologically, the tu-
mor is composed of well-formed gland or abortive
glandular structures composed of an embryonic type
of epithelium in which the cells show a vacuolated nu-
clei and prominent nucleoli (Fig. 6.14). Mitotic figures

Fig. 6.13 Mediastinal yolk sac tumor showing a classic
reticular pattern

Fig. 6.14 Mediastinal embryonal carcinoma showing ill-
formed glandular structures

are common as well as hemorrhage and necrosis. By
immunohistochemistry, the tumor cells are positive for
epithelial markers such as keratin and EMA as well as
for AFP. Important to note is the fact that the tumor
cells in embryonal carcinoma may also show positive
staining for CD-30, which is a common immunohis-
tochemical marker for anaplastic large cell lymphoma.
Thus, since the setting of a mediastinal mass in a
young man may be seen in both conditions, plus
anaplastic large cell lymphoma may also show posi-
tive staining for EMA, it is prudent to widen the use
of immunohistochemical studies to incorporate other
antibodies such as keratin, AFP, or ALK-1.

Choriocarcinoma

This is the rarest of all GCT, and the histology is
rather striking by the presence of two different types
of cells, the multinucleated cells (syncytiotrophoblast)
and the mononuclear cells (cytotrophoblast). Exten-
sive areas of hemorrhage and necrosis are common-
ly seen. Immunohistochemically, the tumor cells re-
act against antibodies for HCG as well as keratin.

Combined Non-Teratomatous GCT

Essentially, any combination can take place. Perhaps
one of the most common includes the association of
embryonal carcinoma and yolk sac tumor. However,
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yolk sac and seminoma or choriocarcinoma with yolk
sac can be seen.

Mesenchymal Neoplasms

The mediastinal compartment, just like any other
area in the human body, can be the site of a wide
variety of mesenchymal neoplasms, which will in-
clude vascular neoplasms such as hemangioen-
dothelioma [73], chordomas [74], rhabdomyosar-
comas [75], alveolar soft part sarcomas [76], ma-
lignant cartilaginous tumors [77], liposarcomas
[78], leiomyosarcomas [79], and synovial sarcoma
[80]. In addition, one other tumor of mesenchymal
origin that is more common in the serosal surfaces
may be just as common in the mediastinal com-
partment, that tumor is solitary fibrous tumor.
This latter neoplasm has the difficulty of mimick-
ing histologically other neoplasms and may even
share some immunohistochemical features with
some of them, namely monophasic synovial sar-
coma [81, 82].

The criteria used to diagnose these malignancies
in the mediastinum are essentially the same as the
one used for similar tumors in soft tissues. In addi-
tion, a judicious use of immunohistochemical stud-
ies is recommended in cases in which the histology
is not that obvious.

Mediastinal Lymphomas

Lymphomas can be seen either as primary tumors of
the mediastinum or as a secondary involvement in
systemic diseases. The gamut of lymphoproliferative
lesions occurring primarily in the mediastinum is
wide and is represented by Hodgkin and Non-
Hodgkin’s lymphomas. In essence, mediastinal lym-
phomas could be divided into three different cate-
gories: lymphoblastic lymphoma, Hodgkin’s lym-
phoma, and diffuse large cell lymphoma. Histologic
subtypes including diffuse large cell lymphoma with
sclerosis, clear cell lymphoma, “germinotropic” large
cell lymphoma, anaplastic large cell lymphoma,
pleomorphic large cell lymphoma, and MALT lym-
phoma of the thymus have been described [83-90].
The criteria used for the different diagnosis is simi-
lar to the one used for nodal lymphomas. The use of
a panel of immunohistochemical studies, which
would include B- and T-cell markers among others,
is recommended in order to properly subcategorize
these neoplasms.
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Introduction

Thymus pathology embraces a broad spectrum of fea-
tures, varying from major immunologic abnormalities
affecting all organ systems to minor abnormalities with
limited clinical consequences. Some individuals with
thymus pathology may have all the features of the dis-
ease while others may have only a few features. In this
chapter we will review clinical features of common thy-
mus pathologies. Tables 7.1 and 7.2 list the localized
and systemic symptoms due to mediastinal tumors [1].

onaizd Clinical Features
of Thymus Pathology

Ghulam Khaleeq, Hakim A. Ali, Ali I. Musani

Clinical Features Due to Congenital
Pathology of Thymus

The thymus and parathyroid are derived from 3rd
pharyngeal pouches [2, 3]. Development of thymus
is a series of epithelial/mesenchymal inductive in-
teractions between neural crest-derived arch mes-
enchyme and pouch endoderm. Abnormalities dur-
ing development can result in different clinical
syndromes.

Table 7.1 Localizing symptoms secondary to tumor invasion of surrounding structures (taken with permission from Baum'’s

and Crapo [1])

Involved anatomic structure

Localizing SYMPTOMS

Bronchi/trachea

Esophagus

Spinal cord/vertebral column
Recurrent laryngeal nerve
Phrenic nerve

Stellate ganglion

Superior vena cava

Dsypnea, postobstructive pneumonia, atelectasis, hemoptysis
Dysphagia

Paralysis

Hoarseness, vocal cord paralysis

Diaphragmatic paralysis

Horner syndrome

Superior vena cava syndrome

Table 7.2 Systemic syndromes secondary to primary mediastinal tumors and cysts (taken with permission from Baum's

and Crapo [1])

Syndrome

Tumor

Myasthenia gravis, RBC aplasia, hypogammaglo-
bulinemia, Good syndrome, Whipple disease,
megaesophagus, myocarditis

Multiple endocrine adenomatosis, Cushing syndrome
Hypertension

Diarrhea

Hypercalcemia

Thyrotoxicosis

Hypoglycemia

Osteoarthropathy

Vertebral abnormalities

Fever of unknown origin

Alcohol-induced pain

Opsomyoclonus

Thymoma

Carcinoid, thymoma

Pheochromocytoma, ganglioneuroma, chemodectoma
Ganglioneuroma

Parathyroid adenoma, lymphoma

Intrathoracic goiter

Mesothelioma, teratoma, fibrosarcoma, neurosarcoma
Neurofibroma, neurilemoma, mesotheioma

Enteric cysts

Lymphoma

Hodgkin’s Disease

Neuroblastoma
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22q11.2 Deletion Syndrome

22q11.2 deletion syndrome is the commonest chro-

mosome deletion syndrome with an incidence of

1:4.000 live births [4]. This syndrome results in vari-

able clinical phenotypes which may differ between

patients even with identical deletions. Syndromes as-

sociated with 22q11.2 deletion include:

— DiGeorge syndrome

— Velocardiofacial syndrome

— Conotruncal anomaly face syndrome

— CHARGE syndrome (coboloma, heart disease,
atresia choanae, retarded growth and central ner-
vous system development, genital hypoplasia, and
ear abnormalities and/or deafness [5]) (Table 7.3).
Abnormal pharyngeal arch development results in

defects in the development of the parathyroid glands,

thymus, and conotruncal region of the heart. Defec-

Table 7.3 Clinical findings in patients with chromosome
22q11.2 deletion syndrome (table taken from Kobrynski LJ
et al [6] with permission from Elsevier. Data in this table is
taken from references [8-18])

Cardiac anomalies 49-83%
Tetralogy of Fallot 17-22%
Interrupted aortic arch 14-15%
Ventriculoseptal defect 13-14%
Truncus arteriosus 7-9%
Hypocalcemia 17-60%
Growth hormone deficiency 4%
Palatal anomalies 69-100%
Cleft palate 9-11%
Submucous cleft palate 5-16%
Velopharyngeal insufficiency 27-92%
Bifid uvula 5%
Renal anomalies 36-37%
Absent or dysplastic 17%
Obstruction 10%
Reflux 4%
Opthalmological abnormalities 7-70%
Tortuous retinal vessels 58%
Posterior embryotoxon

(anterior segment dysgenesis) 69%
Neurological 8%
Cerebral atrophy 8%
Cerebellar hypoplasia 0-4%
Dental
Delayed eruption, enamel hypoplasia 2-5%
Skeletal abnormalities 17-19%
Cervical spine anomalies 40-50%
Vertebral anomalies 19%
Lower limb anomalies 15%
Speech Delay 79-84%
Developmental delay in infancy 75%
Developmental delay in childhood 45%
Behavior or psychiatric problems 9-50%
Attention deficit hyperactivity disorder 25%
Schizophrenia 6-30%

tive thymic development can be associated with im-
paired immune function. Immunodeficiency is asso-
ciated with T-cell deficiency and abnormalities of T-
cell clonality or impairment of T-cell proliferative re-
sponses. Humoral deficiencies have also been
identified in these patients. 22q11.2 deletion syn-
drome patients are also at increased risk of autoim-
mune diseases. A number of immune defects may
predispose to the development of autoimmunity in
these patients including increased infection, impaired
development of natural T-regulatory cells and im-
paired thymic central tolerance [7] (Table 7.3).

Thymic Aplasia (DiGeorge Syndrome) (DGS)

DiGeorge syndrome, described in 1965, comprises
abnormalities of the parathyroid glands, absence or
hypoplasia of the thymus, and conotruncal abnor-
malities of the heart such as pulmonary atresia and
severe forms of tetralogy of Fallot [8]. This rare
condition affects approximately 1 in 4,000 live
births [9-21]. It is caused by fetal malformation of
the third and fourth branchial arches at about 7
weeks of gestation, due to abnormal cephalic mi-
gration of neural crest cells into these regions.
These cells take part in the development of the
skull, palate, thymus, and parathyroid glands. Ab-
normalities in development can result in dysmor-
phic facies, palatal abnormalities, and hypopara-
thyroidism (Table 7.4).

Clinical Features of Thymic Aplasia (DiGeorge
Syndrome) (DGS)

The clinical presentation of the 22q11 deletion syn-
drome is highly variable. Most patients have a sub-
set of the most common features. The presentation
can be subtle and difficult to identify or more severe
and easily recognized at birth. Approximately 6-10%
of cases are familial; frequently, one of the parents
is only recognized to carry the 22q11 deletion after
a more severely affected child is diagnosed [22].

Craniofacial Anomalies

Facial Features

Typical facial dysmorphia includes hooded eyelids,
auricular anomalies (could have squared off or over-

folded helices, protuberant ears, preauricular tags or
pits, attached lobes or small ears), a prominent nasal
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Table 7.4 Clinical features of DiGeorge syndrome (taken with permission from Wurdak H et al [23])

Craniofacial anomalies

Cleft palate
Micrognathia
Ear anomalies
Telecanthus
Small mouth

Incomplete closure of the palate

Small size of the lower jaw

Typically low set, deficient vertical diameter, abnormal auricle/pinna folding
Increased distance between eyes

Associated with hyper nasal speech

Glandular malformations

Hypo- or aplasia of the
parathyroid glands
Hypo- or aplasia of the thymus

Neonatal hypocalcaemia with tetany or seizures due to impaired calcium
homeostasis
T-cell deficiency with susceptibility to infections due to impaired T-cell maturation

Cardiovascular defects

Tetralogy of Fallot

Type B interrupted aortic arch

Complex of heart malformations:
(1) ventricular septal defect
(2) pulmonic stenosis
(3) overriding aorta
(4) hypertrophy of the right ventricle
Discontinued aortic arch between the left carotid artery and the left subclavian

artery
Truncus arteriosus
Right aortic arch
Transposition of the great arteries

Aberrant right subclavian artery
Ventricular septal defects

Ventricles with a common arterial outflow trunk

Persistence of the bilateral system of embryonic pharyngeal arch vessels
Reversed aorta and pulmonary artery, with the aorta arising from the right ven-
tricle and the pulmonary artery receiving blood from the left ventricle
Anomalous origin from the proximal descending aorta

Hole connecting the ventricles

Behavioral disorders

Variable mild to moderate

Learning difficulties
Paranoid schizophrenia
Major depressive illness

root, a bulbous nasal tip with hypoplastic nasal alae,
a small mouth, micrognathia, a short forehead, and
some midfacial flattening (Fig. 7.1).

Palate Anomalies

Anomalies of the palate are a common problem oc-
curring in 69-100% of patients [6]. It results in sig-
nificant morbidity for these patients. Approximately
9-11% of patients have a cleft palate, while 5-16%
have a submucosal cleft palate, and 5% of have a bi-
fid uvula. The palate should be carefully examined
for a bifid uvula, which can indicate the presence of
a submucous cleft in the palate.

In addition to cleft palate, 27-92% [7] of patients
have velopharyngeal insufficiency, which is defined
as incomplete closure of the velopharyngeal valve
during speech. This disorder manifests as hypernasal
speech, nasal air emission, and compensatory artic-
ulation disorders. Velopharyngeal insufficiency can
only be diagnosed with the emergence of speech, so
the diagnosis is usually delayed.

The pathogenesis of velopharyngeal insuffi-
ciency seems to be multifactorial. Velopharyngeal

el e . 3
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Fig. 7.1 Facial dysmorphia in chromosome 22q11.2 dele-
tion syndrome (in this patient, a slightly bulbous nose tip
and hooded eyes are the primary features) [6]



72 G. Khaleeq et al.

disproportion whereby the palate is too short rela-
tive to the depth of the pharynx has been observed.
Neurologic or muscular velopharyngeal hypotonia
can also be present. Adenoid hypoplasia is com-
monly observed in patients with a 22q11 deletion
and can contribute to velopharyngeal insufficiency.
The presence of an overt or submucous cleft palate
also contributes to velopharyngeal insufficiency
(Fig. 7.2).

Feeding Disorders

Feeding disorders are a common problem. Nearly
70% of patients are estimated to have nasopharyngeal
reflux, characterized by reflux of liquids out of the
nose because of insufficient closure of the velophar-
ynx during swallowing. A hallmark sign of the infant
with a 22q11 deletion, this symptom resolves with-
out intervention during the toddler years and does not
predict hypernasality of speech [8, 21, 24].

In addition, patients with a 22ql1 deletion are
commonly diagnosed with gastroesophageal reflux,
esophageal dysmotility, and constipation, all of
which compound their feeding disorders.

Otorhinolaryngologic Problems

Patients with a 22q11 deletion frequently have oto-
laryngologic disorders ranging from acquired to con-
genital anomalies [25]. Chronic otitis media and si-
nusitis are common problems, given their propensi-
ty to frequent infections. Reported congenital
anomalies include laryngeal web, tracheomalacia,
laryngomalacia, and tracheal compression or distor-
tion from vascular rings.

Glandular Malformations

Hypoplasia or aplasia of the parathyroid glands re-
sults in hypoparathyroidism in a significant subset of
patients. Hypocalcemia is reported in 17-60% of pa-
tients with a 22q11 deletion [7]. Studies suggest that
hypoparathyroidism occurs in 13-69% of patients
outside the neonatal period [26, 27]. Reports have
clearly documented cases in which hypoparathy-
roidism recurred or occurred for the first time in lat-
er decades of life and may even be the first present-
ing symptom indicative of the 22q11 deletion syn-
drome [28, 29]. Other endocrinologic abnormalities
have been reported, including growth hormone defi-
ciency and thyroid disease.

Immunodeficiency

Patients with DGS or chromosome 22q11.2 deletions
display a range of T-cell numbers and function, rang-
ing from normal to severely deficient. In different
studies nearly 80% of patients with a 22q11 deletion
have demonstrated abnormalities of their immune
system [5, 21, 30, 31]. “Complete” DiGeorge syn-
drome with total absence of the thymus and a severe
T-cell immunodeficiency accounts for <0.5% of pa-
tients. The majority of patients with 22q11.2 deletion
syndromes have “partial” defects with impaired
thymic development rather than complete absence
with variable defects in T-cell numbers. All patients
with DiGeorge syndrome without the deletion have
T-cell compromise. This compromise in T-cell pro-
duction is due to thymic hypoplasia [32]. T-cells that
successfully transit the thymus are functionally nor-
mal, and there is no intrinsic T-cell defect. The com-

Fig.7.2 a-c Velopharyngeal function in normal individuals and patients with velopharyngeal dysfunction [22] (taken with
permission from Elsevier Limited).The velopharynx is pictured at rest (a), during normal phonation (b),and during phona-
tion in a patient with velopharyngeal dysfunction (c). Note that in the patient with velopharyngeal dysfunction, the soft
palate fails to move juxtaposed to the posterior pharynx and therefore allows the escape of air during phonation.HP, hard
palate; PP, posterior pharynx; SP, soft palate (courtesy of Richard Kirschner, MD, Philadelphia, PA)
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promise is purely in T-cell production. Patients with
DiGeorge syndrome without the deletion have vari-
able levels of circulating T-cells as do the patients
with the deletion [33, 34]. Patients of both types with
dramatically low circulating T-cells should be con-
sidered for a fully sibling-matched bone marrow
transplant or a thymus transplant.

Chinen et al. [35] assessed the long-term T-cell
populations in DiGeorge syndrome. In their cohort
of 45 patients they monitored peripheral blood T-cell
subsets and percentages from birth to 120 months of
age. They also evaluated humoral immunity by quan-
tification of immunoglobulin levels and testing anti-
body titer to recall antigens. T-cell subsets counts
from patients with DiGeorge syndrome were gener-
ally lower than those of age-matched normal popu-
lations. In this study, a significant deterioration of T-
cell number or function did not occur over time.
Moreover, immunoglobulin deficiencies or inade-
quate production of specific antibodies were also not
detected. Sullivan et al. [36] prospectively studied 19
patients between 1994 and 1997. They found de-
creased number of peripheral blood T-cells with a
preserved T-cell function. The improvement in pe-
ripheral T-cell count was variable in the study. The
patients with the lowest T-cell count improved the
most in their first year of life.

Humoral immune deficiencies have been associ-
ated with DiGeorge syndrome. Gennery et al. [37] in-
vestigated humoral immunodeficiency in 32 patients.
They measured lymphocyte subsets, immunoglobu-
lins, IgG subclasses, specific vaccine antibodies, and
autoantibodies. In their series 81% of patients (26 pa-
tients) had severe or recurrent infections, of which 13
(50%) had abnormal serum immunoglobulin mea-
surements and 55% had an abnormal response to
pneumococcal polysaccharide antigen. In a study by
Smith et al. [38] they reported a 13% prevalence of
immunoglobulin A (IgA) deficiency in their cohort of
32 patients. Jawad et al. [30] studied the laboratory
and clinical features of immunodeficiency in their co-
hort of 195 patients. In their study the pattern of
changes seen with aging in normal control patients
were also seen in patients with chromosome 22q11.2
deletion syndrome. Recurrent infection and autoim-
mune disease were common in this series but had no
significant relationship to specific immunologic lab-
oratory features.

Multiple studies have demonstrated an increased
incidence of autoimmune phenomenon in patients
with DiGeorge syndrome. Autoimmune diseases re-
ported in different studies include juvenile rheuma-
toid arthritis [39], hematologic autoimmune diseases
including autoimmune cytopenias [40], idiopathic

thrombocytopenia [41], and Evans syndrome [42].
Celiac disease has also been reported in patients with
22q11.2 deletion syndrome [43].

Immunodeficient conditions are frequently asso-
ciated with increased rates of malignancies. T-cells
and natural killer cells participate in the surveillance
and killing of transformed cells. T-cell compromise
in other disorders is specifically associated with lym-
phomas although the incidence of other malignancies
may be increased. There may be an increased inci-
dence of malignancy in DiGeorge syndrome, al-
though larger cohort studies are needed [44, 45].

Cardiac Anomalies

Studies estimate that approximately 49-83% of pa-
tients with a 22q11 deletion have congenital heart
disease [9, 21]. The most common cardiac defects in-
clude a subset of conotruncal defects (tetralogy of
Fallot, interrupted aortic arch, and truncus arteriosus)
and perimembranous ventricular septal defects. The
term conotruncal refers to the structure of the fetal
heart at an early stage in development, in which the
distal portion is called the trunco-aortic sac. The aor-
tic and pulmonary roots subsequently develop from
this area, and defects in these structures are referred
to as conotruncal defects. Other rare defects that are
reported include hypoplastic left heart syndrome, het-
erotaxy syndrome, valvar pulmonary stenosis, and a
bicuspid aortic valve.

Developmental and Behavioral Features

Neurocognitive, developmental, behavioral, and psy-
chiatric disorders have been described to represent an
integral component of the 22q11 deletion syndrome.
A wide range of behavioral and psychiatric disorders
is commonly observed in this patient population.
Mean full-scale IQ scores are in the range of bor-
derline intellectual function, but academic achieve-
ment scores are generally in the low-normal range
[46]. Language skills are also typically delayed and
remain impaired later in life. There is a 14% inci-
dence of autistic spectrum disorders [47]. The inci-
dence of schizophrenia or psychosis in chromosome
22q11.2 deletion is not well known but is reported
to vary between 6% and 30% [7]. The neurocogni-
tive, developmental, behavioral, and psychiatric dis-
orders in 22q11 deletion syndrome are complex and
need a multidisciplinary treatment approach.
Velocardiofacial syndrome, or Shprintzen’s syn-
drome [48], comprises similar cardiac abnormalities
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along with cleft palate, a characteristic facies, and
learning difficulty. A third syndrome, known as
“conotruncal anomalies face”, also linked to 22ql11
syndrome has been described. These syndromes are
described in detail elsewhere in the book.

Clinical Features Due to Epithelial Tumors of
Thymus

Introduction

Thymoma is the most common cause of an anterior
mediastinal mass in adults accounting for about 0.2-
1.5% of all cancers and 20 % of mediastinal tumors.
Approximately 90% of tumors of the thymus are thy-
momas. The remaining 10% are thymic carcinoma,
carcinoid tumors, or lymphomas (Table 7.5).
Thymomas are derived from thymic epithelial cells
demonstrating a spectrum of histologic patterns that en-
compass both epithelial and lymphocytic components
in varying proportions [49]. The epithelial cells are em-
bryologically derived from the lower portion of the
third pharyngeal pouch and are believed to be respon-
sible for the neoplastic element in thymomas. The lym-
phocytes associated with both the normal thymus and
thymomas are predominantly immature T-lympho-
cytes and demonstrate TdT positivity [50]. Im-
munoglobulin and T-cell receptor gene studies have
failed to show genotypic evidence supporting the neo-
plastic nature of the lymphocytic component [51].

Classification

Thymomas initially were classified according to
their proportion of epithelial and lymphocytic com-
ponents and the shape of epithelial cells; this classi-
fication repeatedly showed a lack of clinical rele-
vance to patient response and survival [52-54].This
was based on a similar classification proposed by
Lattes and Jonas a few years earlier [55].

Table 7.5 Tumors of the thymus

Thymoma

Thymic carcinoma

Thymic lymphoma

Thymic carcinoid

Thymic germ cell neoplasm
Thymic lipoma

Thymic cyst

Thymic myoid tumor
Thymic histiocytic tumor

Marino and Muller-Hermelink Classification (1985)

In the mid-1980s, Marino and Muller-Hermelink re-
vised this traditional classification based on micro-
scopic resemblance of tumor subtypes to the normal
thymic epithelial cells and thymic cortex [56].

In 1989, Kirchner and Muller-Hermelink pro-
posed a functional classification of thymomas based
on the morphologic resemblance of the tumor with
various compartments of the normal thymus, and five
types of organotypic thymic epithelial tumors were
proposed: medullary, mixed, predominantly cortical,
cortical, and well-differentiated thymic carcinoma
[57]. The clinical significance of the Miiller-Her-
melink classification system as a prognostic factor
has been reported in several previous studies [58].

WHO Classification

The 1999 WHO classification of thymomas further
modified the Marino classification, adding thymic
carcinoma to the classification schema, simplifying
the terminology, and providing prognostic relevance
(Table 7.6).

This was based on the morphology of epithelial
cells as well as the lymphocyte-to-epithelial cell ra-
tio. In this system, thymomas were divided into two

Table 7.6 The definitions of World Health Organization
Classification of Thymic Epithelial Tumors (taken with per-
mission from Rosai J et al.[59])

Type Definition

A A tumor comprised of a homogenous population
of neoplastic epithelial cells with spindle/oval
shape, lacking nuclear atypia, and accompanied
by few or no nonneoplastic lymphocytes

AB A tumor in which foci with the features of type A
thymoma are admixed with foci rich in lympho-
cytes: the segregation of two patterns can be
sharp or indistinct

B1 A tumor that resembles the normal functional
thymus in that it combines large expanses with
an appearance practically indistinguishable from
that of normal thymic cortex with areas resem-
bling thymic medulla

B2 A tumor in which the neoplastic epithelial com-
ponent appears as scattered plump cells with
vesicular nuclei and distinct nucleoli among a
heavy population of lymphocytes; perivascular
spaces are common

B3 A tumor comprised predominantly of epithelial
cells with a round or polygonal shape and ex-
hibiting mild atypia admixed with a minor com-
ponent of lymphocytes; foci of squamous meta-
plasia and perivascular spaces are common
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groups depending on whether the neoplastic epithe-
lial cells and their nuclei have a spindle and/or oval
shape (type A) or whether these cells have a dendritic
or plump (epithelioid) appearance (type B). Tumors
that combine these two morphologies are designat-
ed type AB. Type B tumors were subdivided further
into three subtypes designated B1, B2, and B3, re-
spectively, on the basis of the proportional increase
of the epithelial component and the emergence of
atypia of the neoplastic cells. All kinds of thymic car-
cinomas are categorized as type C [59, 60].

In 2004 WHO revised the classification and in-
cluded implementation of recurrent genetic alter-
ations that have been identified in thymomas and
thymic carcinomas. These alterations correlate with
the histological WHO subtype and the clinical be-
havior. Another important category now included in
the histological classification of thymic tumors is the
group of combined thymic epithelial tumors. Com-
bined thymic epithelial tumors are neoplasms with at
least two distinct areas, each corresponding to one of
the histological thymoma and/or thymic carcinoma
types, including neuroendocrine carcinomas. The
most frequent combination is that of a type B2 and
a type B3 component. In 2004 WHO identified some
new rare entities including micronodular thymoma,
biphasic thymoma and hepatoid carcinomas and Car-
cinoma with t (15;19) translocation.

In the current classification, the term “type C thy-
moma” is no longer used, since now all nonorgan-
otypic malignant epithelial neoplasms other than germ
cell tumors are designated thymic carcinomas. The
subtype of thymic carcinoma (e.g., squamous cell, mu-
coepidermoid, lymphoepithelioma-like) must be fur-
ther specified. In addition, thymic neuroendocrine tu-
mors (NEC), except for paragangliomas, are now in-
cluded in the category of thymic carcinomas [61].

Other Classifications

Suster and Moran proposed the histologic grading of
the tumors based on the premise that primary thymic
epithelial neoplasms form part of a continuous spec-
trum of lesions that range from well-differentiated to
moderately differentiated to poorly differentiated
neoplasms.

In this proposal, the well-differentiated tumors cor-
responded to tumors designated by convention as thy-
moma, the poorly differentiated neoplasms were those
conventionally designated as thymic carcinomas, and
tumors showing intermediate features of differentiation
were designated as atypical thymoma [62].

Kuo et al. proposed to classify thymomas simply
based on their cytomorphologic features into spindle

cell, small polygonal cell, mixed (spindle cell and
small polygonal cell), organoid, large polygonal cell,
and squamoid thymomas. Their classification was
supported by the cytokeratin immunohistochemical
expression [63].

Masaoka Staging [64]: Tumor staging is considered
to be the most significant prognostic factor in deter-
mining patient survival. Thymoma spreads via direct
extension through its capsule into adjacent structures
such as lung, mediastinal soft tissue, or pleura and can
metastasize distantly. The extent of capsule invasion
and the involvement of thoracic and extrathoracic
structures determine the stage, which is correlated to
the risk of recurrence and survival. Thus, extensive tis-
sue sampling of the resected tumor is essential to de-
fine microscopic and macroscopic invasion through the
fibrous capsule. The staging system used for thymoma
as proposed by Masaoka is outlined in Table 7.7.

Prognostic and Clinical Relevance of Classifica-
tions and Staging: The prognostic relevance of the
staging and classification has been discussed in sev-
eral studies, but it still remains to be conclusively de-
termined. Some reports place emphasis on the clin-
ical relevance of the WHO schema, whereas other re-
ports display skepticism about its clinical validity.

Okumura et al. [65] studied clinical features as
well as postoperative survival of patients with thy-
moma, but not thymic carcinoma, with reference to
WHO histologic classification based on an experi-
ence with 273 patients over a 44-year period. In pa-
tients with type A, AB, B1, B2, and B3 tumors, the
respective proportions of invasive tumor were 11.1%,
41.6%,47.3%,69.1%, and 84.6% and the respective
20-year survival rates were 100%, 87%,91%, 59%,
and 36% (Fig. 7.3).

According to the Masaoka staging system, the 20-
year survival rates were 89%, 91%, 49%, 0%, and
0% in patients with Stage I, II, III, I'Va, and I'Vb dis-
ease, respectively (Fig. 7.4).

Table 7.7 Masoaka staging system for thymomas (this
material is reproduced with permission of Wiley-Liss inc.,
a subsidiary of John Wiley & Sons, inc. © American Cancer
Statement [64])

Stage Definition

I Macroscopically, completely encapsulated; mi-
croscopically, no capsular invasion

lla Macroscopic invasion into surrounding fatty tis-
sues or mediastinal pleura
Ilb Microscopic invasion into the capsule

11 Macroscopic invasion into the neighboring organ
(i.e., pericardium, great vessels, or lung)

IVa Pleural or pericardial dissemination

IVb Lymphogenous or hematogenous metastases
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Fig. 7.3 Survival based on WHO classification (this material
is reproduced with permission of Wiley-Liss inc.,a subsidiary
of John Wiley & Sons,inc.© American Cancer Statement [65])
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Fig. 7.4 Survival based on Masoaka staging system (this
material is reproduced with permission of Wiley-Liss inc.,
a subsidiary of John Wiley & Sons, inc. © American Cancer
Statement [64])

By multivariate analysis, the Masaoka staging sys-
tem and the WHO histologic classification system were
significant independent prognostic factors, whereas
age, gender, association with myasthenia gravis, com-
pleteness of resection, or involvement of the great ves-
sels were not significant independent prognostic fac-
tors. The WHO histologic classification system reflects
the oncologic behavior of thymoma [65].

Many studies have found type B3 thymoma [well-
differentiated thymic carcinoma (WDTC) as defined
by the Miiller-Hermelink classification system] to
have a different behavior than other thymomas. Type
B3 tumors have significant numbers (although fewer
than type B1 and B2 tumors) of CD4 positive/CD8
positive, double-positive cells inside the tumor,
whereas type C tumors do not. Furthermore, type B3
tumors often were associated with myasthenia gravis.
For these reasons, type B3 tumors are supposed to be
related functionally more to type B1 and B2 tumors.
The poorer survival and the higher tumor recurrence
rate in the patients with type B3 tumors compared
with other types of thymomas, however, seem to in-
dicate more careful follow-up and treatment for these
patients compared with the treatment for patients with

other types of thymomas. When using the WHO clas-
sification, it is critical to distinguish type B3 thymo-
ma from other tumor types. The 15-year recurrence-
free rate of the 64 patients with type A, AB, B1, and
B2 thymomas was significantly higher from that of
the 33 patients with type B3 thymoma [66].

Kondo et al. [67] reclassified a series of 100 thy-
momas resected at Tokushima University Hospital
and four affiliated hospitals in Japan between 1973
and 2001 according to the WHO histologic classifi-
cation and reported its clinicopathologic relationship
and prognostic relevance and found the WHO histo-
logic classification a good prognostic factor.

Another retrospective, clinicopathologic analysis
of 108 patients showed on multivariate analysis that
the WHO subtype (A-B2 vs. B3 vs. C) could predict
the tumor-related survival, but the Masaoka stage
was the most important prognostic factor affecting
the postoperative survival [68]. The Masaoka stag-
ing system, WHO histologic classification, and com-
plete resection were significant independent prog-
nostic factors [69].

Two hundred thymomas from the Shanghai Chest
Hospital with a mean follow-up time of 15 years
(range, 1 to 246 months) were studied for the relevance
of WHO histologic subtype and other factors [stage,
therapy, and myasthenia gravis (MG)] for survival.
Tumor stage was the most important determinant of
survival in thymoma patients, but the WHO histolog-
ic subtype is an independent prognostic factor in Stage
I and II thymomas, among which WHO type A, AB,
and B1 thymomas form a low-risk group [70].

Epidemiology

The peak incidence of thymomas is between the ages
of 40 and 60 years, with equal gender predilection.
These neoplasms are rare in children. There is no
predilection for a particular race or geographic distri-
bution [71, 72]. A recent study indicated that in thy-
moma found to have capsular invasion, there is a pre-
dilection for males and Asians or Pacific islanders [73].

Thymomas are extremely rare in children, but
when they occur, they present as highly aggressive
tumors with a high mortality rate [74]. Among 23 pa-
tients with thymoma, Cohen and colleagues noted
that 2 had received radiation for an enlarged thymus
in childhood, 17 and 28 years before the diagnosis
of thymoma, respectively [75].

Clinical Features

Thymomas have been recognized more often re-
cently because of increased aggressiveness in eval-
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Table 7.8 Presenting symptoms and signs of patients with
thymoma

Asymptomatic

Manifestations related to local growth
Chest pain
Cough
Dyspnea
Dysphagia
Pleural effusion
Pericardial effusion
Superior vena cava syndrome
Intrathoracic hemorrhage
Endobronchial obstruction
Hemoptysis

Parathymic syndromes and related symptoms

uating patients with myasthenia gravis but there are
multiple other modes of presentation (Table 7.8) [76].

Asymptomatic. Two thirds of patients are asymp-
tomatic at the time of diagnosis; an anterior medi-
astinal mass is discovered incidentally on the chest
roentgenogram in 30-50% of cases [72].

Manifestations Related to Local Effects: The rest
of the patients typically have nonspecific chest
pain, cough, or dyspnea [77]. Superior vena cava
syndrome, pleural effusion, and pericardial effusion
have been reported and indicate invasiveness.
Pleural disease can mimic mesotheliomas [78].
Pericardial involvement usually occurs at a later
stage and massive pericardial effusions have been
reported [79]. About 9-12 cases of primary in-
trapericardial thymomas have been reported [80].
Tumor involvement of the great vessels is a poor
prognostic factor [81]. Thymomas with polypoid
endobronchial growth have been reported in inva-
sive cases leading to variable respiratory com-
plaints [82, 83]. Local invasion can lead to necro-
sis and hemorrhage that has given rise to sponta-
neous hemothorax [84].

Ectopic thymus tissue can develop due to aber-
rant migration and later in life can cause nodules or
masses and even neoplastic changes in atypical
places, usually the neck [85].

Parathymic syndromes: Approximately 40-70%
of thymomas have at least laboratory evidence of one
or more of the two dozen systemic “parathymic” syn-
dromes that have been recognized. Myasthenia
gravis is most frequent among these, reported in 10-
50% of patients with thymoma [86]. How thymoma
produces myasthenia gravis is unknown, but au-
toantibodies to the postsynaptic acetylcholine recep-
tor appear to explain the dysfunction of the neuro-
muscular junction [87] and are found in the majori-
ty of patients with myasthenia.

Table 7.9 Parathymic syndromes (well recognized)

Myasthenia gravis

Red cell aplasia
Hypogammaglobulinemia
Polymyositis

Autoimmune thyroid disease
Sjogrens Syndrome

The other associated conditions seen in patients
with thymoma include red cell aplasia, hypogam-
maglobulinemia, polymyositis, and (rarely) systemic
lupus erythematosus, rheumatoid arthritis, thyroidi-
tis, hyperthyroidism, and other cytopenias [88].
When an anterior mediastinal mass is present with
myasthenia gravis, red cell aplasia, or hypogamma-
globulinemia, the diagnosis of thymoma is essen-
tially established. Patients with thymoma also have
an increased incidence of collagen vascular disease,
Whipple’s disease, and malignancy elsewhere in the
body [89] (Table 7.9).

The illnesses associated with thymoma are simi-
lar to those in APS-II, although the frequency of spe-
cific disorders is different. (APS-II is the more com-
mon of the immunoendocrinopathy syndromes.)

In one review of patients with thymoma, myas-
thenia gravis occurred in 44% of the patients, red
blood cell aplasia in approximately 20%, hypoglob-
ulinemia in 6%, autoimmune thyroid disease in 2%,
and adrenal insufficiency in 1 of 423 patients. The fre-
quency of autoimmune thyroid disease reported in pa-
tients with thymoma is probably an underestimate,
given the frequency of unsuspected thyroid disease in
patients with myasthenia gravis. Mucocutaneous can-
didiasis in adults is also associated with thymoma. In
most patients, the thymoma are malignant, although
temporary remissions of the autoimmune disease can
occur with resection of the tumor [90] (Table 7.10).

Myasthenia Gravis: Is a common association of
thymomas occurring in more than a third of patients.
It will be discussed in Chap. 8.

Red Cell Aplasia: Isolated red cell aplasia may be
present in 5-10% of patients with thymoma (1/3 with
spindle cell). In this situation, there is an almost to-
tal absence of red cell precursors in the bone marrow
and reticulocytes of the peripheral blood and a
marked decrease of erythroblasts in the bone marrow.

One third of these patients also have reduced
counts of both leukocytes and platelets. The exact eti-
ology of this disorder is not known, but it has been
reported to occur in patients together with MG and
thymoma, which suggests an autoimmune mecha-
nism [91]. The bone marrow is usually quite cellu-
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Table 7.10 Less commonly reported parathymic syn-
dromes

Systemic lupus erythematosus
Rheumatoid arthritis
Thyroiditis

Cytopenias

Autoimmune adrenal disease
Lichen Planus

Acute pericarditis and myocarditis
Alopecia areata

Cushing’s syndrome
Hemolytic anemia

Limbic encephalopathy
Nephrotic syndrome
Panhypopituitarism

Pernicious anemia

Sarcoidosis

Scleroderma

Sensorimotor radiculopathy
Stiff-persons’ syndrome
Ulcerative colitis

lar, and erythropoietin levels are typically high. An
immunoglobulin G (IgG) inhibitor of erythroblastic
growth has been described in the serum of some pa-
tients [92]. Thymectomy in these patients results in
improvement in approximately 30% of the patients.
Steroids, immunosuppressive agents and octreotide
have been tried with varying degrees of success [93].

Hypogammaglobulinemia: Hypogammaglobu-
linemia was first reported by Good in 1954 [94]; it
is seen in about 5% of the patients with thymoma.
Both cellular and humoral immunity are decreased
in these patients. This acquired syndrome results in
extreme susceptibility to recurrent, and often serious,
infections. Infections like mucocutaneous candidia-
sis, viral infection and P. carinii can be seen. It oc-
curs in about 5-10% of patients with thymoma, and
a thymoma is found in 10% of patients with acquired
hypogammaglobulinemia [95]. There is a decrease in
all major immunoglobulins, particularly IgG and
IgA, and decreased eosinophils in the blood and bone
marrow. A combined deficit in cell-mediated immu-
nity can also be seen. Almost a third of patients have
PRCA, too. Like those with PRCA, the age group is
somewhat older (>40 years), and the thymoma is of
the spindle-cell type in 75% of cases. The patho-
genesis is obscure. There is a lack of pre-B-cells, B-
cells, and plasma cells in the bone marrow, with de-
creased peripheral B-cells. Thymectomy does not re-
sult in any improvement; palliative treatment with
immunoglobulins is indicated. Only occasional re-
missions in hypogammaglobulinemia have been seen
after thymectomy.

Radiological Appearance

Radiographically thymomas are usually detected near
the junction of the heart and great vessels; typically,
they are round or oval with smooth or lobulated mar-
gins. Compared with thymic hyperplasia, which is typ-
ically symmetrical, thymoma usually distorts the
gland’s normal shape and extends to one side [96].
Computed tomography (CT) is invaluable for detect-
ing small thymomas and assessing possible invasion
of surrounding structures, such as the mediastinum,
pleura, and pericardium. It can show calcifications in
or at the periphery of the tumor in about 20% of cas-
es, although they bear no relation to invasiveness. The
presence of a fat plane all around the tumor is a good
sign of noninvasiveness, but, conversely, fibrous ad-
herence to surrounding structures may simulate inva-
sion. CT can also help differentiate thymomas from
vascular structures and tumors, such as aneurysms,
particularly when intravenous contrast is used. As with
virtually all-solid mass lesions of the mediastinum,
thymoma is diagnosed with certainty only by exami-
nation of tissue. However, CT can reveal gross inva-
sion and MRI can demonstrate the continuity of a me-
diastinal mass with the thymus [97] and discern inva-
sion of vascular structures [98]. Preliminary experience
with somatostatin receptor scintigraphy [99, 100] ap-
pears promising for discerning thymoma and other
thymic tumors from benign thymic hyperplasia.

Prognosis

Thymomas are neoplastic, but most have relatively
benign biologic behavior. Patients whose tumors are
fully encapsulated can expect survival equal to that
of the general population. Invasive tumors have a
poorer prognosis, with 50-77% 5-year and 30-55%
10-year survival [101, 102]. Recurrence after resec-
tion occurs in nearly a third of patients [101].

The presence of a thymoma-associated systemic
syndrome has traditionally been regarded as a poor
prognostic sign. However, with improvements in pe-
rioperative management of patients with myasthenia
gravis, the adverse effect of parathymic manifesta-
tions on the prognosis of patients with thymoma ap-
pears to be offset by the earlier diagnosis of thymo-
ma discovered because of myasthenic symptoms
[101, 103]. Karnofsky performance status has also
been found to be a predictor of prognosis [104].

Treatment

Thymoma may respond to hormonal therapy [105],
but are usually managed by resection via a median
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sternotomy approach or via video-assisted thoraco-
scopic surgery. Most authors favor removal of as
much tumor mass as possible, even when it invades
surrounding tissues. Adjunctive treatment with post-
operative radiotherapy is provided [106]; the addition
of preoperative or adjuvant chemotherapy appears
promising. Thymectomy may also improve symp-
toms in some patients with myasthenia gravis.

Thymic Carcinoma

Thymic carcinomas are epithelial neoplasms of the
thymus that are characterized by a high degree of cy-
tologic atypia. These tumors, unlike thymomas, ex-
press highly aggressive behavior and should thus be
classified separately. Thymic carcinoma is a histo-
logically malignant process that invades locally and
frequently metastasizes [107]. The prognosis depends
on the histologic grade and the anatomic stage and is
generally poor. Resection and combined chemother-
apy and radiation therapy are advocated. Thymic car-
cinoma includes a heterogeneous group of neoplasms,
of which more than half are undifferentiated carci-
nomas. Other tumor subtypes seen include squamous
cell carcinoma, spindle cell carcinoma, lymphoep-
ithelioma-like carcinoma, mucoepidermoid carcino-
ma, basaloid carcinoma, clear cell carcinoma, and
adenoid cystic tumor [108, 109] (Table 7.11).

Cellular Subtypes of Thymic Carcinoma

Unlike their thymoma counterpart, thymic carcino-
mas lack immature T-lymphocytes and are TdT neg-
ative [110]. Additionally, thymic carcinomas express
the cytokeratin marker CDS5, which is helpful in dis-
tinguishing these tumors from nonthymic epithelial
malignancies [111].

These tumors usually present in adult men and are
seen only rarely in children. Symptoms include

Table 7.11 Cellular subtypes of thymic carcinoma

Keratinizing squamous cell carcinoma
Nonkeratinizing squamous cell carcinoma
Lymphoepithelioma-like carcinoma
Adenosquamous carcinoma
Mucoepidermoid carcinoma

Clear-cell carcinoma

Papillary adenocarcinoma
Adenocarcinoma not otherwise specified
Basaloid carcinoma

Sarcomatoid carcinoma

weight loss, shoulder discomfort, cough, and dyspnea.
Paraneoplastic syndromes generally are not associat-
ed with thymic carcinoma. Well-differentiated thymic
carcinoma has been reported in association with
myasthenia gravis [110]. The spindle cell variety is
generally an aggressive subtype, with mortality rates
of up to 50% within 5 years reported [112, 113]. There
is increasing evidence that Epstein-Barr virus (EBV)
might play a role in the development of a lymphoep-
ithelioma-like carcinoma of the thymus gland, as is
seen in nasopharyngeal carcinomas. EBV nuclease
antigen has been detected in tumorous cells, and
Southern blot analysis has demonstrated the EBV vi-
ral genome in the cells of thymic lymphoepithe-
lioma-like carcinoma [114]. Although EBV-associat-
ed lymphoepitheliomas of the nasopharynx are often
treated successfully, the thymic counterpart appears
to have a poor prognosis, probably because of delayed
diagnosis. Other forms of thymic carcinoma are rare.
Computed tomography usually shows an anterior
mediastinal mass infiltrating along the pleura or me-
diastinum with necrosis or calcification [115].

Thymic carcinomas are aggressive and highly
lethal tumors. Generally, well-differentiated squa-
mous carcinoma, low-grade mucoepidermoid carci-
noma, and basaloid thymus carcinoma have a more
favorable prognosis. The other types are more ag-
gressive. Usually, these patients present with ad-
vanced-stage disease and are candidates for multi-
modality treatment, including surgery, radiation ther-
apy, and chemotherapy [116]. The combination of
cisplatin, vinblastine, and bleomycin as used in the
treatment of germ cell tumors has been applied to
these neoplasms.

Ectopic Thymic Cancers

In some very rare cases, however, thymus cells may
be ectopic, which means existing in a location in
which they are not normally found. The most likely
place for ectopic thymus cells is in the neck near the
thyroid gland as a result of abnormal migration dur-
ing fetal development. During fetal development, the
cells that make up the thymus migrate down to the
mediastinum. In very rare cases, some of this tissue
fails to migrate, forming in the neck.

Thymic Lymphoma
Lymphomas, along with thymomas, are the most

common tumors of the thymus. Hodgkin’s disease is,
as a rule, of the nodular sclerosis type, and it was for-



80 G. Khaleeq et al.

merly considered to be a granulomatous thymoma
[117]. It is frequently confined to the thymus. Al-
though any lymphoma, including Burkitt’s lym-
phoma, may arise in the thymus, the lymphoblastic
type in children typically involves the mediastinum
in a third of cases and is of T-cell origin.

Interestingly, the thymus is also a common site
for mediastinal Hodgkin’s lymphoma, and normal
thymic tissue may enlarge following chemotherapy
for lymphoma (a process termed thymic rebound),
mimicking recurrence of the primary disease [118].
Primary thymic lymphomas are less common, and
their prognosis is linked with early treatment.

Rios et al. [119] reviewed 10 primary thymic lym-
phomas — four Hodgkin’s and six non-Hodgkin’s [4
primary mediastinal B lymphomas (PMBLs) and 2
lymphoblastic T lymphomas]. Most of the patients
were females, with a mean age of 23 +/-10 years. The
initial diagnostic suspicion in the Hodgkin’s lym-
phomas was thymoma in 2 cases and lymphoma in
the other 2. All of them underwent surgery, including
an intraoperative biopsy, which was completed with
a thymectomy in the two in which thymoma was re-
ported. They were treated with radio- and chemother-
apy. The response was partial in 2 cases, and treat-
ment was completed with a bone marrow transplant
(one died and the other had active disease). The non-
Hodgkin’s lymphomas were large tumors and of
short evolution. All of them received surgery, with an
intraoperative biopsy in four and a thymectomy in
two. They were treated with chemotherapy, with as-
sociated radiotherapy in two. The response was total
in three, with two recurring, who are in complete re-
mission after a BMT. In the other three the response
was partial. PTLs are uncommon but aggressive,
principally the non-Hodgkin’s lymphomas. The main
treatment is radio- and chemotherapy, with associat-
ed bone marrow transplantation in selected cases.

Extranodal marginal-zone B-cell lymphoma
(MZBL) of mucosa-associated lymphoid tissue
(MALT) arising in the thymus is rare with 20-25 cas-
es reported, predominantly Asian. Inagaki et al. in-
vestigated 15 cases of thymic MALT lymphoma to
systematically characterize its clinical, histopatho-
logical, and molecular features. There was a marked
female predilection (male:female = 1:4), with a mean
age of 55 years at diagnosis. There was a strong as-
sociation with autoimmune disease, especially Sjo-
gren’s syndrome. Thirteen of 15 cases expressed im-
munoglobulin (Ig) A phenotype; IgA expression in
thymic MALT lymphoma was in striking contrast
with the IgM phenotype observed in most of the Sjo-
gren’s syndrome-associated MZBLs and MALT lym-
phomas at other sites. Thymic MALT lymphoma

may represent a distinct subgroup of MALT lym-
phoma characterized by an apparent predilection for
Asians, a strong association with autoimmune dis-
ease, frequent presence of cysts, consistent plasma
cell differentiation, tumor cells expressing IgA phe-
notype, and consistent lack of API2-MALT1 gene fu-
sion [120]. Sixty-eight percent of these patients had
autoimmune diseases or hyperglobulinemia [121].

Clinical Features Due to Neuroendocrine
Tumors of Thymus

Neuroendocrine tumors arising in thymus are extremely
rare with approximately 200 cases reported in the lit-
erature [122]. They accounted for 4% of anterior me-
diastinal tumors in one series [123]. The median age
at diagnosis ranged from 40 to 58 years, and men pre-
dominate in all series (67-91%) [122, 124-126].

Classification of Thymic Neuroendocrine Tumors

Thymic carcinoids are identical to well-differentiated
neuroendocrine carcinoma of foregut derivation [125].
These are potentially malignant tumors and often de-
velop distant metastases, sometimes after long inter-
vals [125, 126]. There has been no satisfactory clas-
sification system to predict its progression. Table 7.12
lists the proposed classification for thymic neuro-
endocrine tumors (Table 7.12).

Table 7.12 TNM classification of thymic neuroendocrine
tumors (this material is reproduced with permission of
Wiley-Liss inc., a subsidiary of John Wiley & Sons, inc. ©
American Cancer Statement [127])

Classification Description

T1 Macroscopically completely encapsu-
lated and microscopically no capsular
invasion

T2 Macroscopic adhesion or invasion into

surrounding fatty tissue or mediastinal
pleura, macroscopic invasion into cap-

sule

T3 Invasion into neighboring organs, such
as pericardium, great vessels, and lung

T4 Pleural or pericardial dissemination

NO No lymph node metastasis

N1 Metastasis to anterior mediastinal lymph
nodes

N2 Metastasis to intrathoracic lymph nodes,
except for anterior mediastinal lymph
nodes

N3 Metastasis to extrathoracic lymph nodes

Mo No hematogenous metastasis

M1 Hematogenous metastasis
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Histologic Grading of Thymic Neuroendocrine
Tumors

Thymic neuroendocrine tumors are subclassified in-
to three groups according to histologic grade. Grade
1 thymic neuroendocrine tumors are composed of
round to polygonal cells exhibiting little pleomor-
phism. Mitoses are rare. Grade 2 tumors show mild
to moderate cellular pleomorphism with one or two
mitotic figures per 20 high-power fields (x400).
Grade 3 tumors have a higher degree of cellular pleo-
morphism and a higher nuclear to cytoplasmic ratio
than grade 2 tumors. Mitoses were identified more
easily, with six to eight mitoses per 10 high-power
fields (X400) [124].

Tiffet et al. [122] had twelve patients in their se-
ries. The median age was 58 years (age range, 35 to
78 years). Eight of 12 patients (66.6%) were men.
Four patients were asymptomatic and had their tumor
discovered on a routine chest radiograph. Seven pa-
tients presented with local symptoms related to the
mediastinal mass ranging from cough and chest pain
to superior vena cava syndrome and hoarseness.
One patient presented with lethargy, weight loss, and
polyuria due to ectopic adrenocorticotrophic hor-
mone (ACTH) secretion. Two patients were diag-
nosed with multiple endocrine neoplasia, type 1
(MEN-1). Chest CT scans in this series showed an
anterior mediastinal mass that appeared to be homo-
geneous in five patients and heterogeneous with
central necrosis and cystic degeneration in four pa-
tients. Only three tumors were well circumscribed,
with the other nine tumors showing invasion into the
surrounding tissue. No tumors showed calcification.
Bronchoscopy was performed in 8 patients, and the
findings were normal in 7 patients. In 1 patient bron-
choscopy revealed extrinsic compression of the left
main bronchus.

Fukai et al. [124] had 15 patients in their series.
The median age was 50 years (age range 19 to 73
years). Ten (66.7%) of 15 patients were male. Two
patients presented with Cushing’s syndrome while 1
patient presented with myasthenia gravis. In the pa-
tient with myasthenia gravis the computed tomo-
graphic scans revealed a large cystic mass in the right
lobe of the thymus and a small homogenous solid
mass in the left lobe of the thymus. Microscopical-
ly, the cystic tumor was found to be thymoma, and
the solid tumor was a thymic neuroendocrine carci-
noma. Computed tomographic scan was successful
in revealing the lesions in all patients. Total resection
was possible in 13 (86.7%) of 15 patients in this se-
ries. Distant metastases developed in 10 (76.9%) of
13 patients who received total resection. Of these 10

patients, 6 died of distant metastases 5 to 25 months
after recurrence. Cushing’s syndrome on clinical
presentation was associated with a poorer prognosis
with early metastasis.

De Montpreville et al. [125] had fourteen patients
in their series. There were 3 women and 11 men with
an age range from 35 to 71 years. Twelve patients
presented with local symptoms while two patients
were asymptomatic on presentation. Commonest
symptoms included chest pain, dyspnea, superior ve-
na caval (SVC) syndrome and dysphonia. Other
symptoms included cough, left recurrent laryngeal
nerve paralysis, and weight loss. One patient had a
multiple endocrine neoplasia syndrome; another had
neurofibromatosis. One patient had Cushing’s syn-
drome that appeared secondarily and was related to
metastases.

Other rare presentations of thymic neuroendo-
crine tumors include recurrent pericarditis [128].

Differential Diagnosis of Thymic Neuroendocrine
Tumors

The thymic neuroendocrine tumors should be dif-
ferentiated from other mediastinal neuroendocrine
neoplasms [129]. A metastasis, especially from a
bronchopulmonary carcinoid tumor, must be clini-
cally excluded. Mediastinal parathyroid adenomas
and nonsecreting mediastinal parathyroid carcino-
ma can be considered in the differential diagnosis
of thymic carcinoid tumor with malignant behav-
ior. Mediastinal paraganglioma [130] can be dis-
tinguished from carcinoid tumors by its lack of im-
munoreactivity for cytokeratin. Nonneuroendocrine
mediastinal neoplasms, which can histologically be
confused with carcinoid tumors, are infrequent thy-
momas without any lymphoid component. Im-
munohistochemical negativity for neuroendocrine
markers can permit accurate diagnosis in these
cases.

Thymic Neuroendocrine Tumors and Thymic
Epithelial Tumors

The thymic carcinoid tumors represent a specific en-
tity that is separated from the other malignant ep-
ithelial thymic tumors, namely, thymomas and thymic
carcinomas. There are several elements that suggest
that thymic carcinoid tumors can be compared with
the group of thymic carcinomas. The thymic carci-
nomas are rare and not associated with immunolog-
ic disorders such as myasthenia gravis. These carci-
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nomas have a propensity to produce lymph node and
extrathoracic metastases [107, 112]. Such clinical fea-
tures are shared with thymic carcinoid tumors and
clearly distinguish these tumors from the more com-
mon and less aggressive thymomas. Furthermore, the
prognosis in patients with thymic carcinoid tumors is
close to the survival rate (33.3% at 5 years) reported
for thymic carcinomas [112].

In summary, thymic carcinoid tumors present
with a variety of clinical onsets, and behave as ma-
lignant tumors; they have a distinctive histologic and
immunohistologic appearance. These neoplasms can
either be asymptomatic, associated with symptoms
related to local growth, or part of a MEN syndrome
and can produce endocrinopathy, especially Cush-
ing’s syndrome. Operation is the most effective treat-
ment and complete resection offers the best hope for
long-term survival [125].

Clinical Features Due to Immune Dysfunction
in Thymus Pathology

Clinical features due to immunologic dysfunction of
the thymus are discussed in other sections of the
chapter. Clinical features due to myasthenia gravis
are discussed in detail in Chap. 8.

Clinical Features Due to Infections Affecting
the Thymus

Thymus plays a unique role in T-cell development
and susceptibility to infection in its absence. In
addition to its role in T-cell development, thymus
can be directly or indirectly involved in infections.

Thymus and Human Immunodeficiency Virus

The acquired immune deficiency syndrome (AIDS)
was recognized in 1981, when five unusual cases of
Pneumocystis carinii pneumonia (PCP) occurring in
young homosexual men from Los Angeles were re-
ported to the Centers for Disease Control and Pre-
vention (CDC) [131]. The depletion in numbers and
function of T-helper cells further suggested that a
lymphotropic agent might be responsible. Indeed, a
human T-lymphotropic retrovirus that was im-
munologically related to human T-cell leukemia
virus type I (HTLV-I) was detected in lymph node
tissue from a French patient who was at risk for
AIDS [132]. Thymus pathology has been described

in children affected with human immunodeficiency
virus (HIV). The pathologic changes in thymus are
related with direct viral invasion and subsequent in-
volution of the gland [133]. Joshi et al. described
three types of lesion in thymus occurring in children
affected with HIV.

1. Precocious involution with depletion of lympho-
cytes and microcystic dilatation of Hassall cor-
puscles.

2. Disinvolution, which is an aberrant form of in-
volution with reduction or complete absence of
Hassall corpuscles.

3. Thymitis, which is characterized by lymphocyt-
ic infiltration of thymic cortex and medulla.

HIV Infection Presenting with Multiloculated Thymic
Cysts

Leonidas et al. [134] reported 3 patients with HIV
infection presenting with multiloculated thymic
cysts. Clinical features in these patients included
parotitis, sinusitis, generalized lymphadenopathy
and lymphocytic interstitial pneumonitis (LIP). All
these masses were found on chest radiography. Two
out of the 3 patients had their masses resected, all 3
patients were doing well at the time of the series
publication.

Avila et al. [135] reported four patients with HIV
infection and multiloculated thymic cysts. Surgical
biopsy of the lesions revealed follicular hyperplasia
and diffuse plasmacytosis with no evidence of neo-
plasia or infection.

Thymus in Early and Late HIV-1 Infection

In early HIV infection, the lymphoid infiltrate of the
thymic perivascular space is increased compared to
normal thymus while in late HIV infection, the HIV-
1 infected thymus is prematurely atrophic with
changes that are similar to, but more exaggerated
than, normal atrophic thymus [136, 137].

Role of the Thymus in Inmune
Reconstitution in HIV Infection

Haynes et al. [138] studied the role of adult thymus
in T-cell reconstitution in patients with HIV-1 infec-
tion. They had two groups of patients. In the first
group, they evaluated mediastinal tissue from 7 adult
patients who died of complications of HIV-1 infec-
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tion for the presence of thymus, for inflammation,
and for areas of active thymopoiesis. In the second
group, they studied three thymectomized patients
with HIV-1 infection to determine directly the effect
of loss of the thymus on the clinical course of HIV-
1 infection and on the ability to respond to HAART
(Highly active antiretroviral therapy) with rises in
CD4" T-cells. In their study they found minimal con-
tributions of the thymus to maintenance or reconsti-
tution of the peripheral pool of T-cells in the adult
HIV-1-infected patients. In their first group of pa-
tients it was revealed that 5 of 7 (71%) patients had
either no thymus or no areas of thymopoiesis,
demonstrating that no contribution to the peripheral
T-cell pool was being made by the thymus in those
subjects at the time of death. In the second group they
found that thymectomy did not preclude long-term
survival or prevent the presence or rise of naive-phe-
notype peripheral T-cells after HAART. However
further studies did not confirm this thymic impair-
ment. A study by Sopper et al. [139] in the simian im-
munodeficiency virus, (SIV)-infected rhesus mon-
keys showed that while absolute numbers of CD4+
T-cells are decreased in peripheral blood, there was
a global increase in proliferation and in absolute
CD4+ T-cell numbers in all lymphoid organs during
the asymptomatic phase of the infection. An in-
crease in T-cell numbers in lymphoid organs com-
bined with the high T-cell turnover induced by the
virus during the asymptomatic phase of HIV infec-
tion suggests that the thymus plays an important role
in T-cell homeostasis during the asymptomatic phase
of HIV-1 infection. Similarly, studies have shown
that thymus plays a major role in immune reconsti-
tution in patients on HAART [140, 141].

Tuberculosis of Thymus

Tuberculosis usually involves mediastinal lymph
nodes. Thymic tuberculosis represents remnants of
post primary localized mediastinal lymphadenitis.
Only a few cases of thymic tuberculosis have been
reported in the literature [142-144]. These lesions are
usually mistaken for neoplasia, but after resection on
pathology there is inflammatory reaction, with ac-
cumulation of granulomas formed by giant cells in
thymic tissue.

In a study by Nobrega et al. [145] in the mouse
model, using aerogenic or intravenous routes of in-
fection, they showed that the thymus was consis-
tently colonized by Mycobacterium tuberculosis,
Mycobacterium avium or Mycobacterium bovis.
When compared to organs such as the liver and

spleen, the bacterial load reaches a plateau at later
time-points after infection, while in contrast to the
spleen and the lung no granuloma were found in the
thymus of mice infected with M. tuberculosis or M.
avium. Since T-cell differentiation depends, to a
large extent, on the antigens encountered within the
thymus, infection of this organ might alter the
host’s immune response to infection. Further stud-
ies are awaited to address the significance of these
findings.

Conclusions

Thymus pathology consists of heterogenous groups
of diseases. These diseases, although rare, can pre-
sent with myriad symptoms. The most common
thymus pathology is thymoma. Thymic neoplasms
have been recognized more often recently because
of increased aggressiveness in evaluating patients
with myasthenia gravis. This chapter reviews the
clinical manifestations of common thymus patholo-
gies.
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The History of Myasthenia Gravis

In 1672 Thomas Willis published a book, “De ani-
ma brutorum” in which he wrote about “a woman
who temporarily lost her power of speech and be-
came mute as a fish” [1]. This has been interpreted
as being the first written description of myasthenia
gravis (MG). Others give credit to Wilks for the first
report of disease in 1877, characterized as a bulbar
palsy without anatomic lesion [2]. The first reason-
ably complete accounts were those of Erb in 1878
and Goldflam in 1893 [3, 4] and for many years
thereafter, the disorder was referred to as the Erb-
Goldflam syndrome. Jolly was the first to use the
name myasthenia gravis in 1895 and to demonstrate
the “myasthenic reaction” of muscle repeatedly stim-
ulated by Faradism [5], introducing the basic crite-
ria of instrumental techniques of MG diagnosis, the
repetitive nerve stimulation, elaborated later by
Desmedt [6].

The beneficial effect of physostigmine on myas-
thenic symptoms was discovered in 1934 by Mary
Walker, who supposed also that the neuromuscular
junctions (NMJ) were the focus of the disease [7].
Dale, Nobel Prize winner of 1936, showed acethyl-
coline (ACh) as neurotransmitter at the NMJ and the
anticholinesterase activity of physostigmine [8].
The association of MG with thymic tumors and hy-
perplasia was recognized in 1901 by Carl Weigert,
who described a myasthenic patient with a thymic
mass [9] and in 1911 the first thymectomy was car-
ried out by Sauerbruch in a female MG patient [10].
In 1949 Castleman and Norris reported a series of
patients with thymic hyperplasia and thymoma re-
lated to MG [11].

The autoimmune nature of MG was defined by
Patrick, Lindstrom, Fambrough, and Lennon in the
early 1970s [12-14]. Research later showed the
presence of ACh-receptor (AChR) antibodies in
serum of patients affected by MG and the produc-
tion of CD4+ and CD8+ cells in cases with thymo-
mas [15].

The Epidemiology of Myasthenia Gravis

MG is an uncommon disease; estimated annual in-
cidence is 2.5 to 20 per million. Prevalence is 50 to
400 cases per million, higher above 40 years. Life-
time risk is 500 per million. The female-to-male ra-
tio is said classically to be 6:4, but as the population
has aged, the incidence is now equal in males and fe-
males [16]. MG presents at any age, with a bimodal
pattern of onset: female incidence peaks in the third
decade of life, whereas male incidence peaks in the
sixth or seventh decade. Mean age of onset is 28
years in females and 42 years in males. Transient
neonatal MG occurs in infants of myasthenic moth-
ers who acquire receptor antibodies via placental
transfer of IgG. Some of these infants may suffer
from transient neonatal myasthenia due to effects of
these antibodies. Rare, nonimmune mediated forms,
collectively referred to as congenital MG, may be the
result of mutations that adversely affect neuromus-
cular transmission. Recent advances in treatment and
care of critically ill patients have resulted in marked
decrease in the mortality rate. The rate is now 3-4%,
with principal risk factors being age older than 40
years, short history of severe disease, and thymoma.
Previously, the mortality rate was as high as 30-40%.

The Pathophysiology of Myasthenia Gravis

ACh Receptor Structure

AChRs are located at peak of muscular synaptic folds.
Their concentration is 10,000 per um?. The nicotinic
AChRs consist of five polypeptide subunits clustered
around the central receptor channel. Nine o subunits
have been cloned, along with four {3 subunits. In the
NMIJ, 6 and y subunits also have been identified. The
vy subunit is replaced by an € subunit in the adult mus-
cle. In adult skeletal muscle there are a1, al, pl, 9,
and ¢ subunits, in fetal muscle a1, al, $1, 9, and y. In
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extraocular muscles, some fibers contain both adult and
fetal AChRs. The amino acid sequence for the a sub-
units consists of a glycolipid region (which contains the
ACh binding site and a sulphydryl groups) with four
hydrophobic regions that span the membrane.

The ACh binding site is a dimer formed by 3 or
more peptide loops on the o subunit (principal com-
ponent) and 2 loops on the adjacent subunit (comple-
mentary component). Their activity is binding to both
sites needed for the channel to open and binding to on-
ly one site to prevent channel activation. The main im-
munogenic region of the AChR is the extracellular N-
terminal of the polypeptide component in the o1 sub-
unit. Structural proteins clustered at NMJs (rapsyn)
and the muscle-Specific Kinase (MuSK) receptor (re-
ceptor tyrosine kinase) are involved in MG-AChR an-
tibodies negative and in congenital MG. Other mus-
cle membrane structural proteins are involved in dif-
ferent autoimmunological disorders and muscular
structural pathologies (muscular dystrophies).

ACh Receptor Physiology

Nicotinic receptors are found in a variety of tissues,
including the autonomic nervous system, the neuro-
muscular junction, and the brain of vertebrates. The
high quantities of receptors in these tissues and the
use of neurotoxins from snake venom (e.g., cobra
venom) that bind specifically to the nicotinic recep-
tor aided the purification of the receptor protein. Ag-
onists such as ACh, carbamylcholine, and nicotine
produce the physiological responses associated with
nicotinic cholinergic activation. ACh produces an in-
flux of sodium through a ligand-gated ion channel.
ACh and carbamylcholine also stimulate muscarinic
receptors and therefore should be considered mixed
cholinergic agonists. Alpha-Bungarotoxin binds to
the o and  subunits and probably blocks both the
channel and the acetylcholine binding site. Local
anesthetics and other compounds such as phencycli-
dine bind to the receptor, apparently at the site of the
sodium channel and modulate the binding of acetyl-
choline to the active site. Local anesthetics also pre-
vent ion conductance through a direct action at the
channel. The sodium channel and the channel for the
nicotinic AChR have some similar properties (in both
structure and sensitivity to drug action) and may have
a common genetic origin. When an ACh molecule
binds to the ¢ subunits of AChR, the AChR under-
goes a 3-dimensional conformational change that
opens the channel and results in increased sodium
conductance, causing a local depolarization. The lo-
cal depolarization spreads to an action potential or

leads to muscle contraction when summed with the
action of other receptors. Nicotinic receptors possess
a relatively low affinity for ACh at rest. The affinity
for ACh is increased during activation (through an al-
losteric mechanism which increases the likelihood of
another molecule of acetylcholine binding to the oth-
er a subunit). At high concentrations of ACh, the
affinity for ACh becomes higher and the receptor
subsequently becomes desensitized. The ionophore
(ion channel) is open during the active state and lo-
cal anesthetics may bind to the open channel.

Physiology of Neuromuscular Transmission

Motor nerve impulses (action potentials) traveling
down from the motor neurons through the motor
fibers of peripheral nerve terminals cause the skele-
tal muscle fibers at which they terminate to contract.
The junction between the motor axon terminal and a
muscle fiber (motor endplate) is called the neuro-
muscular or myoneural junction. The terminals of
motor axons contain thousands of vesicles filled with
ACh. When an action potential reaches the axon ter-
minal, hundreds of these vesicles discharge their
ACh onto a specialized area of postsynaptic mem-
brane on the fiber. This area contains a cluster of
transmembrane channels that are opened by ACh and
let sodium ions diffuse in. The interior of a resting
muscle fiber has a resting potential of about —95 mV.
The influx of sodium ions reduces the charge, creat-
ing an end plate potential. If the end plate potential
reaches the threshold voltage (approximately —50
mV), sodium ions flow in with a rush and an action
potential is created in the fiber. The action potential
sweeps down the length of the fiber just as it does in
an axon. No visible change occurs in the muscle fiber
during (and immediately following) the action po-
tential. This period, called the latent period, lasts from
3-10 ms. Before the latent period is over, the enzyme
acetylcholinesterase breaks down the ACh in the
NMJ at a speed of 25,000 molecules per second, the
sodium channels close, and the field is cleared for the
arrival of another nerve impulse. The resting poten-
tial of the fiber is restored by an outflow of potassi-
um ions. The brief (1-2 ms) period needed to restore
the resting potential is called the refractory period.

Presynaptic Steps Leading to Neurotransmitter Release
The arrival of action potentials and invasion of nerve

terminals causes depolarization. In many neurons on-
ly 10-20% of action potentials trigger transmitter re-
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lease. With repetitive trains of action potentials at 3
Hz, the number of transmitter vesicles released per po-
tential declines with time, but at faster impulse rates,
the number of transmitter vesicles released per po-
tential may increase for a time. Depolarization of
nerve terminals activates voltage-gated calcium chan-
nels (VGCCs). Channels are located in active zones,
each containing two parallel arrays of VGCCs acti-
vating fast and slow neurotransmitter release. Calci-
um enters through activated VGCCs at the peak of the
action potential and ends before the terminal is fully
repolarized. Vesicle pathways are initiated by calcium
entry via calcium ions sensor (synaptotagmins). Then
vesicles move toward and interact with the membrane
of the presynaptic terminal (docking) and become
competent (priming) for fusion-pore opening calcium
ions-induced, related to fast transmitter release.
SNARESs (SNAP receptors) are membrane-associat-
ed proteins and are components of the fusion mecha-
nism in synaptic exocytosis. Vesicle-associated
SNARESs (v-SNARE) interact with target membrane
SNARESs (t-SNARE). Synaptic vesicles SNARESs are
synaptobrevin and vesicle-associated membrane
protein (VAMP). Presynaptic plasma membrane
SNARES are syntaxin 1 and SNAP 25. Fast release is
calcium ions triggered, synchronous, phasic, induced
rapidly. Sensor protein is synaptotagmin 1 and con-
centration is high. Slow release is calcium ions trig-
gered, asynchronous, continues for more than 1 sec
and increases the rate of spontaneous ACh release.
Sensor protein is synaptotagmins 3 or 7. Concentra-
tion is low and spontaneous release occurs at rest.
Probability of fusion-pore opening after action po-
tential is variable and depends on the tension and com-
position of participating membranes. Action potentials
arrivals in motor terminals produce the release of ACh
from 10 to 200 vesicles. Each vesicle contains 5,000
to 20,000 ACh molecules. The neurotransmitter is ac-
tively transported into the synaptic vesicles, driven by
the vacuolar protein proton pump, a peripheral com-
plex (V1) including ATPase activity that generates
electrochemical gradient and drives neurotransmitter
uptake. Transporters subtypes are glutamate (3 types)
monoamines, GABA and glycine. Membrane poten-
tial and proton gradient contribute to uptake. Vesicle
pools in the presynaptic terminal are readily releasable
(20%) and reserve (80%). Resting vesicles are not pre-
sent at the NMJ and the vesicle transport process in-
volves cytoskeletal-associated proteins. Vesicles are
transported through cytoplasm and clustered at active
zones. After single stimulus a rapid release occurs,
mildly slowed with increased number of vesicles re-
leased. Repetitive stimulation causes a prominent
slowing of the endocytosis rate. Most vesicles recy-

cle directly without passing through an endosomal in-
termediate. Related molecules are synaptojanin inos-
itol 5-phosphatase, amphiphysin, dynamin, and
clathrin. Other regulatory proteins are synapsins 1, 2,
and 3 which link vesicles to the cytoskeleton. Reduced
expression causes reduced synaptic vesicles distal to
active zones and synaptic fatigue, probably regulating
the reserve pool of vesicles needed for sustained
synaptic transmission.

The Role of AChR Antibodies in MG

Immunogenic mechanisms play important roles in
the pathophysiology of MG. Supporting clinical ob-
servations include the presence of associated au-
toimmune disorders in patients suffering from MG
(e.g., autoimmune thyroiditis, systemic lupus ery-
thematosus, rheumatoid arthritis). Moreover, infants
born of myasthenic mothers can develop a transient
myasthenia-like syndrome [17]. Patients with MG
will have a therapeutic response to various im-
munomodulating therapies including plasmapheresis,
corticosteroids, intravenous immunoglobulin (IVIg),
other immunosuppressants, and thymectomy. Anti-
AChR antibody is found in approximately 80-90%
of patients with MG. Experimental observations sup-
porting an autoimmune etiology of MG include the
induction of a myasthenia-like syndrome in mice by
injecting a large quantity of immunoglobulin G (IgG)
from MG patients (passive transfer experiments),
demonstration of IgG and complement at the post-
synaptic membrane in patients with MG and induc-
tion of a myasthenia-like syndrome in rabbits im-
munized against AChR by injecting them with
AChR. The exact mechanism of loss of immunolog-
ic tolerance to AChR, a self-antigen, is not under-
stood. MG can be considered a B-cell-mediated dis-
ease, as antibodies (a B-cell product) against AChR
are responsible for the disease [18]. However, the im-
portance of T-cells in the pathogenesis of MG is be-
coming increasingly apparent. Antibody response in
MG is polyclonal. In an individual patient, antibod-
ies are composed of different subclasses of IgG.
Binding of AChR antibodies to AChR results in im-
pairment of neuromuscular transmission in several
ways: accelerate internalization and degradation of
AChR molecules, complement-mediated destruction
of junctional folds of the postsynaptic membrane,
block of the binding of ACh to AChR, decrease of
the number of AChRs at the NMJ, damage of the
junctional folds on the postsynaptic membrane and
resultant decrease in available surface area for in-
sertion of newly synthesized AChRs [19].
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MuSK Antibodies

Patients without anti-AChR antibodies are recognized
as seronegative MG (SNMG). Forty to fifty percent of
patients with SNMG have antibodies against receptor
MuSK [20]. MuSK is a receptor tyrosine kinase that
plays a critical role in postsynaptic differentiation of
AChRs and it mediates agrin-dependent AChR clus-
tering and NMJ formation during development. MuSK
antibody-positive MG may have a different cause and
pathologic mechanism than AChR antibodies-positive
disease [20]. MuSK antibodies are generally not pre-
sent in those with well-established ocular MG, but they
have been detected in a few cases [21]. Although near-
ly half of patients with SNMG will have MuSK anti-
bodies, those with seropositive MG (SPMG) do not
have antibodies to MuSK in most studies to date [22].
MuSK antibodies appear to be much less common in
some SNMG populations [21, 23]; one consistent find-
ing is that patients with SNMG and MuSK antibodies
have a much lower frequency of thymic pathology than
patients with SPMG [24]. Since they are seronegative,
the group of patients with MuSK antibodies is not as-
sociated with the presence of underlying thymoma. In
addition, thymic hyperplasia is frequent in SPMG, but
this pathology is much less frequent in the MuSK-pos-
itive group. In the appropriate clinical setting (lack of
AChR antibodies and typical clinical features), MuSK
testing can clarify the diagnosis and perhaps direct
treatment [25, 26]. However, the initial management of
clinically apparent myasthenia should be the same for
patients with or without AChR antibodies; this would
change only if future studies find additional therapeu-
tic differences related to MuSK status. Patients with
SNMG who are MuSK positive share most of the clin-
ical manifestations of generalized SPMG [22], with
more frequent clinical aspects: symptoms occur at any
age, patients are predominantly female presenting an
oculobulbar form with diplopia, ptosis, and dysarthria,
not purely ocular MG. There is a restricted “myopath-
ic” form with prominent respiratory and/or proximal
weakness, especially neck extension. Not related to
thymic pathology (thymoma), thymectomy plays an
uncertain role. Less responsiveness to acetylcholi-
nesterase inhibitors is reported in many but not all pa-
tients [24]. They show a good responsiveness to plas-
ma exchange and immunosuppression, with the possi-
ble exception of azathioprine.

Other Antibodies

Antistriated muscle antibodies are heterogeneous
with specificity against striated muscle proteins.

They are present in 30% of patients with myasthe-
nia, but in 80% of those with thymoma [27]. These
antibodies may be a useful marker for thymoma in
those patients between 20 and 50 years of age. In
this cohort, thymoma can be found in 60% of pa-
tients with antistriated muscle antibodies, but in less
than 2% of those without these antibodies [27]. The
false-positive rate (striational antibodies present
without thymoma) is about 10%, but it rises to 50%
in those over age 50. Under age 20, the likelihood
of thymoma is low. Measurement of other skeletal
muscle protein antibodies may potentially be more
helpful than striational antibodies in predicting the
presence of a thymoma and assessing disease prog-
nosis [28]. One study demonstrated that antibodies
to titin, an intracellular muscle protein, were found
in 95% of patients with MG and thymoma but also
50% of those without thymoma. The positive pre-
dictive value of these antibodies was only 39%, but
the negative predictive value was 99% [29]. Assays
for antibodies to the ryanodine receptor had a low-
er sensitivity (70%) but a greater specificity (95%)
and positive predictive value (70%). CT scanning
for thymoma, in comparison, had a sensitivity, pos-
itive predictive value, and negative predictive value
of 73%, 49%, and 65%, respectively. These anti-
bodies to titin and/or ryanodine are found primarily
in late-onset MG. In this population of patients,
along with SPMG, the presence of these antibodies
may raise the clinical suspicion of thymoma. Alter-
natively, the absence of anti-titin antibodies makes
the presence of thymoma unlikely. Some data sug-
gest that the presence of these antibodies predicts
more severe disease and an unsatisfactory outcome
after thymectomy [29, 30].

The Thymus and the Origin of Autoimmunity in MG

The majority of patients with SPMG have thymic
abnormalities: hyperplasia in 60-70% and thymoma
in 10-12% [18]. The thymus is the central organ in
T-cell-mediated immunity, and thymic abnormalities
such as thymic hyperplasia or thymoma are well rec-
ognized in myasthenic patients [11, 18] and it was
proposed that the AChR expressed on thymic my-
oid cells is the original autosensitizing antigen and
the thymic changes in MG are primary events in the
autoimmune pathogenesis of the disease [31-33].
Others [34-36] suggest that the hyperplastic features
in MG thymus are secondary phenomena; the
AChR-specific T-cells are selectively trapped and
restimulated in the thymus after prior sensitization
elsewhere and thymic myoid cells can be targeted by
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these T-cells or the antibodies that they evoke. Anti-
gen presentation by thymic cells via MHC class II
molecules may be abnormal in patients with myas-
thenia. In particular, overexpression of cathepsin V,
one of the enzymes responsible for cleaving the in-
variant chain that occupies the antigen presenting
cleft of the MHC type II molecule, has been noted
in the thymic tissue of patients with myasthenia and
thymoma [37]. Increased production of this enzyme
is present in the frankly neoplastic thymic tissue as
well as in areas of inflamed gland (thymitis). Ex-
pression of mRNA and cathepsin V protein are not
increased in the thymic tissue of patients with thy-
momas who do not have myasthenia. Other than the
important role of the cathepsins in antigen process-
ing cells, a link between enzyme overexpression and
autoantibody production is unclear. It has been pos-
tulated that the availability of AChR in the thymus
may play a role in pathogenesis of myasthenia. It is
possible, for example, that the myoid cells are al-
tered by viral illness involving the thymus; the
proximity to antigen presenting cells and helper
T-cells then facilitates the production of an im-
munologic response [18]. Another possibility is
molecular mimicry; both herpes viruses and bacte-
ria show cross-reactivity with AChR antibodies [38].
It seems likely that genetic factors also contribute to
the pathogenesis of myasthenia gravis. Certain HLA
types have been associated with myasthenia, in-
cluding HLA-BS, DRw3, and DQw2 [39]. MuSK
antibody-positive myasthenia is associated with hap-
lotypes DR14 and DQS5 [40]. In addition, patients
with myasthenia frequently have other immune-me-
diated diseases, such as systemic lupus erythemato-
sus, rheumatoid arthritis, Graves’ disease, and thy-
roiditis, and a family history of autoimmune disor-
ders. It is not clear why some patients with thymoma
develop myasthenia while others do not. The sub-
type of thymoma may be important; the develop-
ment of myasthenia was significantly associated
with mixed thymomas, but not with thymomas of the
cortical type [41]. Among patients with MG, the
presence of antititin antibodies is predictive of a
thymic epithelial tumor (sensitivity 69-80% and
specificity 90-100%) [29]. Patients who have late
onset MG without thymoma may also have titin or
ryanodine receptor antibodies. There is some sug-
gestion that these antibodies may be associated with
worse prognosis [30]. Because AChR antibodies lev-
els do not clearly correlate with MG severity, in-
vestigators have continued to search for additional
factors (e.g., other muscle antibodies, secondary
cytokines, chemokines) that might positively corre-
late with the disease.

Clinical Course of MG

At onset MG is characterized by weakness in-
creased by exertion. Symptoms may fluctuate
throughout the day, but they are most commonly
worse later in the day or evening, particularly after
exercise. Early in the disease, the symptoms may be
absent upon awakening. Often as the disease pro-
gresses, the symptom-free periods are lost; symp-
toms are continuously present but fluctuate from
mild to severe. When present, this fluctuation in
symptoms is an important feature that can distin-
guish MG from other disorders that also may pre-
sent with weakness, such as myopathy or motor
neuron disease. Presenting symptoms often involve
extraocular muscle (EOM): diplopia or ptosis are
present initially in 50% of patients [26, 42, 43] and
occur during the course of illness in 90% [42, 43].
Bulbar muscle weakness is also common, along
with weakness of head extension and flexion.
Weakness may involve limb musculature with my-
opathic-like proximal weakness greater than distal
muscle weakness. Systemic weakness is present at
onset in 35%; isolated limb muscle weakness occurs
in fewer than 10% of patients; respiratory failure as
the presenting symptom is rare [16] Table 8.1.

Patients progress insidiously from mild to more
severe disease over weeks to months. Weakness
tends to spread from the ocular to facial, to bulbar
muscles and then to truncal and limb muscles. On
the other hand, symptoms may remain limited to
the EOM and eyelid muscles for years. Rarely,
patients with severe, generalized weakness may
not have associated ocular muscle weakness. The
disease remains ocular in only 16% of patients.
About 87% of patients generalize within 13 months
after onset. In patients with generalized disease,
the interval from onset to maximal weakness is less
than 36 months in 83% of patients [36, 42, 44].
Intercurrent illness (infections, thyroid dysfunc-
tion), pregnancy, emotional stress, and medications
can exacerbate weakness, quickly precipitating a
myasthenic crisis and rapid respiratory failure
(Table 8.2).

Spontaneous remissions are rare and long, and
complete remissions are even less common. Most re-
missions with treatment occur during the first 3
years of disease. To assess the clinical severity of
symptoms and to control the results of treatment the
Medical Scientific Advisory Board (MSAB) of the
Myasthenia Gravis Foundation of America (MGFA)
formed a Task Force in May 1997 and created the
MGFA Clinical Classification (Table 8.3).
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Table 8.1 Presenting symptoms of myasthenia gravis and the major considerations in the differential diagnosis

Presenting symptoms (Frequency) Other disorders to consider

Ocular (50%)

Bulbar (15%)

Limb weakness (<5%)

Isolated respiratory (rare)
Distal limb (rare)

Brainstem and cranial nerve lesions (including Horner’s syndrome), thyroid
ophthalmopathy, oculopharyngeal muscular dystrophy, chronic external
ophthalmoplegia (mitochondrial disease)

Brainstem and multiple cranial nerve lesions, motor neuron disease, ob-
structive or malignant lesion of the nasal and oropharynx

Motor neuron disease, chronic inflammatory demyelinating polyneuropathy
(CIDP) and other motor neuropathies, multiple radiculopathies, Lambert-
Eaton myasthenic syndrome, myopathies

Isolated neck (uncommon) Motor neuron disease, inflammatory myopathy, paraspinous myopathy

Motor neuron disease, acid maltase deficiency, polymyositis
Motor neuron disease, CIDP and other motor neuropathies, distal myopathies

Table 8.2 Medications that can affect MG

Antibiotics

Antirheumatic drugs
NMJ blockers
Other

Neomycin, Streptomycin, Gentamycin, Colisitins, Telithromycin (exacerbation within 2 hours
of administration), Kanamycin, anecdotal reports for Tobramycin; Amikacin; Polymyxin B;
Tetracyclines; Lincomycin; Clindamycin; Erythromycin; Ampicillin; Fluoroquinolones (Nor-
floxacin, Ofloxacin, Pefloxacin)

Prednisone (high dose: onset within days after administration), Chloroquine

Curare, Nondepolarizing agents (Vecuronium), Botulinum toxin

Quinidine, Procainamide, Procaine, Magnesium, 3-blockers, Phenytoin. Anecdotal reports for
Verapamil; Trimethaphan; Trimethadione; Lithium; Chlorpromazine; Trihexyphenidyl; D,L-car-
nitine; Bretylium; Emetine; Lactate; Methoxyflurane; Contrast agents; Citrate anticoagulant;
Trasylol; Gabapentin

Table 8.3 MGFA clinical classification

Class |

Class

Class lla

Class llb

Class I

Class llla

Class llib

Class IV

Class IVa

Class IVb

Any ocular muscle weakness
May have weakness of eye closure
All other muscle strength is normal

Mild weakness affecting other than ocular muscles
May also have ocular muscle weakness of any severity

Predominantly affecting limb, axial muscles, or both
May also have lesser involvement of oropharyngeal muscles

Predominantly affecting oropharyngeal, respiratory muscles, or both
May also have lesser or equal involvement of limb, axial muscles, or both
Moderate weakness affecting other than ocular muscles

May also have ocular muscle weakness of any severity

Predominantly affecting limb, axial muscles, or both

May also have lesser involvement of oropharyngeal muscles
Predominantly affecting oropharyngeal, respiratory muscles, or both
May also have lesser or equal involvement of limb, axial muscles, or both
Severe weakness affecting other than ocular muscles

May also have ocular muscle weakness of any severity

Predominantly affecting limb and/or axial muscles
May also have lesser involvement of oropharyngeal muscles

Predominantly affecting oropharyngeal, respiratory muscles, or both
May also have lesser or equal involvement of limb, axial muscles, or both

Defined by intubation, with or without mechanical ventilation, except when used during routine postoperative management.
The use of a feeding tube without intubation places the patient in class IVb.
Physical variability in weakness can be significant and clearly demonstrable findings may be absent




Chapter 8 - Thymus and Myasthenia Gravis. Pathophysiological and Clinical Features 95

Principles of Diagnostic Testing for MG

Diagnosis of MG, as a general rule, is based upon a
characteristic history and physical examination, and
two positive diagnostic tests, preferably serological
(search for serum anti-AChR antibodies) and elec-
trodiagnostic testing (repetitive nerve stimulation
studies). Diagnostic investigations of MG should
usually include both.

Bedside Tests

The Tensilon test and ice pack test should, in large
part, be considered an extension of the neurologic ex-
amination rather than laboratory tests.

Edrophonium (Tensilon) Test

The Tensilon test may be readily performed at the
bedside. It is not as sensitive, or specific, as the sero-
logical and electrophysiological studies. It works in-
hibiting acetylcholinesterase and prolongs the pres-
ence of neurotransmitter ACh in the NMJ, enhancing
muscle strength. The action lasts for a few minutes.
This test is not specific for MG; it may be positive in
other NMJ disorders. Initially 2 mg of edrophonium
is administered intravenously as a test dose, moni-
toring heart rate, because bradycardia or ventricular
fibrillation may develop. After observing for about
2 min, if no clear response develops, up to 8 additional
mg of edrophonium is injected. Cholinergic side ef-
fects of edrophonium may include increased saliva-
tion and lacrimation, mild sweating, flushing, ur-
gency, and perioral fasciculations. Atropine should be
readily available to reverse effects of edrophonium in
case of homodynamic instability. The test is positive
if after 30-45 sec after injection muscle strength im-
proves for up to 5 min. The test requires objective im-
provement in muscle strength; subjective or minor re-
sponses, such as reduction of a sense of fatigue,
should not be over interpreted. Sensitivity for MG is
relatively low (60%) compared to other diagnostic
tests. False positive results can occur in patients with
Lambert-Eaton syndrome (LEMS), amyotrophic lat-
eral sclerosis, or even localized, intracranial mass le-
sions and positive testing does not necessarily predict
response to a longer-acting anti-AChE drug.

Ice Pack Test

In the ice pack test, a bag (or surgical glove) is filled
with ice and placed on the closed lid for one minute.

Since it is based on the physiologic principle of im-
proving neuromuscular transmission at lower mus-
cle temperatures, the eyelid muscles are the most eas-
ily cooled by the application of ice. The ice is then
removed and the extent of ptosis is immediately as-
sessed. The sensitivity appears to be about 80% [45,
46] in those with prominent ptosis. The predictive
value of the test has not yet been established. The ice
pack test can be used in patients with ptosis, partic-
ularly those in whom the Tensilon test is considered
too risky. It is not helpful for those with extraocular
muscle weakness.

Simpson Test

Testing the eyelids for fatigability can be done by
asking the patient to open and close their lids sever-
al times or gaze upward for an extended time. In-
creased drooping is a sign of fatigue.

The phenomenon of “enhanced” ptosis can be
demonstrated in patients with bilateral ptosis by el-
evating and maintaining the more ptotic eyelid in a
fixed position. The opposite eyelid slowly falls and
may close completely [47].

Cogan’s lid twitch sign may be seen when the
patient first looks down for a short period and then
makes a saccade back to primary position. The up-
per eyelid elevates excessively during this upward
saccade, sometimes causing a transient lid retrac-
tion, and then twitches in nystagmoid fashion or
slowly droops back to a ptotic position. This is in-
terpreted as transient improvement in lid strength
after rest of the levator in down gaze, followed by
droop in the primary position as the levator fa-
tigues [48].

Electrophysiologic Confirmation

Electrodiagnostic studies are an important supple-
ment to the immunologic studies and may also pro-
vide confirmation of the diagnosis of myasthenia.
Repetitive nerve stimulation (RNS) studies and sin-
gle-fiber electromyography (SFEMG) have a diag-
nostic sensitivity in generalized myasthenia of about
75% and 95%, respectively [44, 49].

RNS studies, due to their wide availability, are
the most frequently used electrodiagnostic test for
MG. The test is performed by placing the record-
ing electrode over the endplate region of a muscle
and stimulating the motor nerve to that muscle. It
is important to sample distal and proximal muscles
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to maximize the yield. Distal muscles are techni-
cally easier, but they have a lower diagnostic sen-
sitivity. If possible, clinically weak muscles should
be included as well. To maximize the sensitivity,
the muscles tested should be warm, and acetyl-
cholinesterase inhibitors should be held for 12 h
before the study. The nerve is electrically stimu-
lated 10 times at low rates (3 Hz). The compound
muscle action potential (CMAP) amplitude is
recorded from the electrodes over the muscle after
electrical stimulation of the nerve. In normal mus-
cles, there is no change in CMAP amplitude with
repetitive nerve stimulation. In MG there may be
a progressive decline in the CMAP amplitude with
the first four to five stimuli (a decremental re-
sponse). An RNS study is considered positive if the
decrement is greater than 20%. The RNS study is
performed at rest and after exercise. In the exer-
cise protocol, the patient is asked to exercise the
muscle maximally for 15-30 seconds. A train of
stimuli is performed immediately after exercise. A
repair of the CMAP decremental response (a small-
er percent decrement compared with the decrement
seen at rest) is commonly seen, reflecting postex-
ercise or postactivation facilitation. An additional
train of stimuli is delivered at 1, 3, and 5 min af-
ter exercise. This may result in a larger decrement
than seen at rest, termed postexercise or postacti-
vation exhaustion. This exercise protocol may in-
crease the sensitivity of RNS by an additional 5-
10%. RNS studies are positive in about 75% of pa-
tients with generalized myasthenia, if recordings
are made from proximal (usually trapezius and or-
bicularis oculi), as well as distal muscles. RNS
studies are positive in approximately 50% of pa-
tients with ocular MG [44, 49]. A decremental re-
sponse is not specific for MG. Decrements may be
seen in other disorders of neuromuscular trans-
mission (LEMS or botulism) and motor neuron
disease. These disorders should not cause electro-
diagnostic confusion when combined with studies
looking for presynaptic disorders of neuromuscu-
lar transmission and standard needle electromyo-

graphy.

SFEMG is more technically demanding than
RNS and is less widely available, but it is the most
sensitive diagnostic test for MG. A specialized nee-
dle electrode with a 25 um recording window and
the low frequency filters set at 500 Hz allows si-
multaneous recording of the action potentials of two
muscle fibers innervated by the same motor axon.
The variability in time of the second action poten-
tial relative to the first is called “jitter”. Any disor-
der, such as MG, that reduces the safety factor of
transmission at the neuromuscular junction will
produce increased jitter. To maximize the sensitiv-
ity a limb and facial muscle may be studied.
SFEMG is positive in greater than 95% of those
with generalized myasthenia. In ocular MG, it
ranges from 90 to 95% [44, 49]. Abnormal jitter is
not specific for MG. It may be abnormal in motor
neuron disease, polymyositis, peripheral neuropa-
thy, LEMS, and other neuromuscular disorders.
However, it is specific for a disorder of neuromus-
cular transmission when no other abnormalities are
seen on standard needle EMG examination. The ex-
ception may be in differentiating patients suspect-
ed of ocular MG from those with Kearns-Sayre syn-
drome (KSS) causing chronic progressive external
ophthalmoplegia (CPEO). The approximate diag-
nostic sensitivity of the confirmatory tests in myas-
thenia is shown in Table 8.4.

Associated Conditions

Thymic Tumors and Other Malignancies

The thymus is intimately involved in the patho-
genesis of MG; 75% of patients with myasthenia
have thymic abnormalities. Thymic hyperplasia is
most common (85%), but various tumors (primari-
ly thymoma) are present in up to 15% [50]. The
thymic tumors are usually noninvasive cortical thy-
momas, but invasive thymic carcinoma can occur.
Imaging of the mediastinum (by either computed to-

Table 8.4 Approximate sensitivity of the confirmatory tests for myasthenia gravis (percent positive)

Acetylcholine receptor antibodies

MuSK antibodies (in seronegative myasthenia)
Repetitive nerve stimulation

Single fiber electromyography

Generalized myasthenia Ocular myasthenia
80-85 55
40-50 0
75 50
92-99 85-95
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mography or MRI) is an important component of
the evaluation of any patient with MG. The detec-
tion, or absence, of striational antibodies and anti-
bodies directed against titin and the ryanodine re-
ceptor may be helpful in predicting the presence (or
absence) of thymoma (see above). MG can be con-
sidered a paraneoplastic effect of thymoma, but not
of extrathymic tumors. Nonetheless, myasthenia
has been associated with extrathymic tumors, such
as small cell lung cancer and Hodgkin lymphoma
[51]. It is uncertain from these studies whether this
co-occurrence represents a true association. The da-
ta do not warrant an extensive search for malig-
nancy, other than thymoma, in myasthenics, even in
older patients.

Autoimmune Disorders

Autoimmune thyroid disease is quite common (3-
8%) in patients with MG. Thus, screening for thyroid
abnormalities should also be part of the initial eval-
uation.

Although less common than thyroid disease,
rheumatoid arthritis and systemic lupus erythemato-
sus (SLE) are more often associated with MG than
in age-matched patients without MG. The clinician
should be alert to the possibility of coexistent
rheumatoid arthritis and SLE and perform the ap-
propriate serologic studies and evaluation, if there are
suggestive historical or examination features of these
disorders.

Differential Diagnosis of MG

The differential diagnosis of MG includes condi-
tions that mimic ocular myasthenia (like thyroid
ophthalmopathy, KSS, brainstem and motor cranial
nerve pathology) and conditions that mimic gener-
alized MG like generalized fatigue (“tiredness”),
motor neuron disease, LEMS, botulism, penicil-
lamine-induced myasthenia, congenital myasthenic
syndromes. Further studies to exclude other dis-
eases in the differential diagnosis of MG are indi-
cated in selected patients. For those with ocular or
bulbar symptoms, an MRI of the brain is appropri-
ate. CT scanning of the orbits is helpful in the dif-
ferential diagnosis of ocular MG and thyroid oph-
thalmopathy [52, 53]. In cases of possible multiple
cranial nerve abnormalities, examination of the
cerebrospinal fluid for abnormal cells and cytology
is usually necessary.

References

1. Willis T (1672) De anima brutorum quae hominis vitalis
ac sensitiva est (exercitationes duae). Ric Davis, Oxford
2. Wilks S (1877) On cerebritis, hysteria and bulbar paral-
ysis, as illustrative of arrest of function of the cere-
brospinal centres. Guys Hosp Rep 22:7-55
3. Erb W (1879) Zur Casuistik der bulbaren Lihmungen.
Uber einen neuen, wahrscheinlich bulbaren Symp-
tomencomplex. Arch Psychiatr Nervenkr 9:336-350
4. Goldflam S (1893) Uber einen scheinbar heilbaren bul-
bérparalytischen symptomenkomplex mit beteiligung
der extremititen. Dtsch Z Nervenheilk 4:312-352
5. Jolly F (1895) Uber Myastenia gravis pseudoparalyti-
ca. Berl Klin Wochenschr 32:1-7
6. Desmedt JE (1973) The neuromuscular disorder in
myasthenia gravis. In: Desmedt JC (ed) New develop-
ments in electromyography and clinical neurophysiol-
ogy. Karger, Basel, pp 241-304
7. Walker MB (1934) Treatment of myasthenia gravis with
physostigmine. Lancet 1:1200-1201
8. Dale HH, Feldberg W, Vogt M (1936) Release of acetyl-
choline at voluntary motor nerve endings. J Physiol
86:353-380
9. Weigert C (1901) Pathologisch-anatomischer beitrag zur
erb’schen krankheit (Myasthenia gravis). Neurol Centr
BI 20:597-601
10. Sauerbruch F, Schumacher ED (1911) Technik der Tho-
raxchirurgie. Julius Springer, Berlin
11. Castleman B, Norris EH (1949) The pathology of the
thymus in myasthenia gravis. A study of 35 cases.
Medicine 28:27-58
12. Patrick S, Lindstrom J (1973) Autoimmune response to
acetylcholine receptor. Science 180:871-872
13. Fambrough DM, Drachman DB, Santyamurti S (1973)
Neuromuscular junction in myasthenia gravis: De-
creased acetylcholine receptors. Science 182:293-295
14. Lennon VA, Lindstrom JM, Seybold ME (1976) Ex-
perimental autoimmune myasthenia gravis: Cellular
and humoral immune responses. Ann N Y Acad Sci
274:283-299
15. Buckley C, Douek D, Newsom-Davis J (2001) Imma-
ture long lived CD4+ and CD8+ cells are generated by
the Thymoma in myasthenia gravis. Ann Neurol 50:64-
72
16. Vincent A, Palace J, Hilton-Jones D (2001) Myasthenia
gravis. Lancet 357(9274):2122-2128
17.Papazian O (1992) Transient neonatal myasthenia
gravis. J Child Neurol 7:135-141
18. Drachman DB (1994) Myasthenia gravis. N Engl J Med
330:1797-1810
19. Engel AG, Arahata K (1987) The membrane attack
complex of complement at the endplate in myasthenia
gravis. Ann N 'Y Acad Sci 05:326-332
20. Hoch W, McConville J, Helms S et al (2001) Auto-an-
tibodies to the receptor tyrosine kinase MuSK in pa-
tients with myasthenia gravis without acetylcholine re-
ceptor antibodies. Nat Med 7:365-368



98

L.Capone et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hanisch F, Eger K, Zierz S (2006) MuSK-antibody pos-
itive pure ocular myasthenia gravis. J Neurol 253:659-
660

Sanders DB, El-Salem K, Massey JM et al (2003) Clin-
ical aspects of MuSK antibody positive seronegative
MG. Neurology 60:1978-1980

Romi F, Aarli JA, Gilhus NE (2005) Seronegative
myasthenia gravis: Disease severity and prognosis. Eur
J Neurol 12:413-418

Verma PK, Oger JJ (1992) Seronegative generalized
myasthenia gravis: Low frequency of thymic patholo-
gy. Neurology 42:586-589

Zhou L, McConville J, Chaudhry V et al (2004) Clini-
cal comparison of muscle-specific tyrosine kinase
(MuSK) antibody-positive and -negative myasthenic pa-
tients. Muscle Nerve 30:55-60

Meriggioli MN, Sanders DB (2004) Myasthenia gravis:
Diagnosis. Semin Neurol 24:31-39

Sanders DB, Massey JM (2002) The diagnostic utility
of anti-striational antibodies in myasthenia gravis. Neu-
rology 58:A229

Voltz RD, Albrich WC, Nagele A et al (1997) Paraneo-
plastic myasthenia gravis: Detection of anti-MGT30
(titin) antibodies predicts thymic epithelial tumor. Neu-
rology 49:1454-1457

Chen XJ, Qiao J, Xiao BG, Lu CZ (2004) The signifi-
cance of titin antibodies in myasthenia gravis-correla-
tion with thymoma and severity of myasthenia gravis.
J Neurol 251:1006-1011

Romi F, Skeie GO, Gilhus NE, Aarli JA (2005) Stri-
ational antibodies in myasthenia gravis: Reactivity and
possible clinical significance. Arch Neurol 62:442-
446

Wekerle H, Ketelsen UP (1977) Intrathymic pathogen-
esis and dual genetic control of myasthenia gravis.
Lancet 1(8013):678-680

Kirchner T, Hoppe F, Schalke B, Miiller-Hermelink HK
(1988) Microenvironment of thymic myoid cells in
myasthenia gravis. Virchows Arch B54:295-302

Marx A, Wilisch A, Schultz A et al (1997) Pathogene-
sis of myasthenia gravis. Virchows Arch 430:355-364
Utsugisawa K, Nagane Y, Tohgi H (2000) Marked in-
crease in CD44- highly positive cells in hyperplastic
thymuses from patients with myasthenia gravis. Mus-
cle Nerve 23:507-513

Roxanis I, Micklem K, Willcox N (2001) True epithe-
lial hyperplasia in the thymus of early-onset myasthe-
nia gravis patients: Implications for immunopathogen-
esis. J Neuroimmunol 112:163-173

Sommer N, Willcox N, Harcourt GC, Newsom-Davis J
(1990) Myasthenic thymus and thymoma are selective-
ly enriched in acetylcholine receptor reactive T cells.
Ann Neurol 28:312-319

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Tolosa E, Li W, Yasuda Y et al (2003) Cathepsin V is
involved in the degradation of invariant chain in human
thymus and is overexpressed in myasthenia gravis. J
Clin Invest 112:517-526

Schwimmbeck PL, Dyrberg T, Drachman DB, Oldstone
MB (1989) Molecular mimicry and myasthenia gravis.
An autoantigenic site of the acetylcholine receptor al-
pha-subunit that has biologic activity and reacts im-
munochemically with herpes simplex virus. J Clin In-
vest 84:1174-1180

Carlsson B, Wallin J, Pirskanen R et al (1990) Differ-
ent HLA DR-DQ associations in subgroups of idio-
pathic myasthenia gravis. Immunogenetics 1:285-290
Niks EH, Kuks JB, Roep BO et al (2006) Strong asso-
ciation of MuSK antibody-positive myasthenia gravis
and HLA-DR14-DQ5. Neurology 66:1772-1774
Wilisch A, Gutsche S, Hoffacker V et al (1999) Asso-
ciation of acetylcholine receptor alpha-subunit gene ex-
pression in mixed thymoma with myasthenia gravis.
Neurology 52:1460-1466

Grob D, Arsura EL, Brunner NG, Namba T (1987) The
course of myasthenia gravis and therapies affecting out-
come. Ann N Y Acad Sci 505:472-499

Oosterhuis HJ (1989) The natural course of myasthenia
gravis: A long term follow up study. J Neurol Neurosurg
Psychiatry 52:1121-1127

Weinberg DH, Rizzo JF 3rd, Hayes MT et al (1999) Oc-
ular myasthenia gravis: Predictive value of single-fiber
electromyography. Muscle Nerve 22:1222-1227

Sethi K, Rivner MH, Swift TR (1987) The ice pack test
for myasthenia gravis. Neurology 37:1383-1385
Golnik KC, Pena R, Lee AG, Eggenberger ER (1999)
An ice test for the diagnosis of myasthenia gravis. Oph-
thalmology 106:1282-1286

Gorelick PB, Rosenberg M, Pagano RJ (1981) En-
hanced ptosis in myasthenia gravis. Arch Neurol 31:531
Cogan D (1965) Myasthenia gravis: A review of the dis-
ease and a description of lid twitch as a characteristic
sign. Arch Ophthalmol 74:217-221

Oh SJ, Kim DE, Kuruoglu R et al (1992) Diagnostic
sensitivity of the laboratory tests in myasthenia gravis.
Muscle Nerve 15:720-724

Castleman B (1966) The pathology of the thymus gland
in myasthenia gravis. Ann N Y Acad Sci 135:496-505
Fujita J, Yamadori I, Yamaji Y et al (1994) Myasthenia
gravis associated with small-cell carcinoma of the lung.
Chest 105:624-625

Langmann A, Lindner S, Koch M, Diez J (2004) Okuldre
myasthenie: Eine diagnostische und therapeutische Her-
ausforderung-eine Ubersicht. Klin Monatsbl Augen-
heilkd 221:77-86

Barohn RJ (2003) Standards of measurements in myas-
thenia gravis. Ann N YAcad Sci 998:432-439



9

Background

The name thymus comes from the Latin derivation
of the Greek thymos, meaning “warty excrescence”;
however, since thymos also means “soul” or “spir-
it”, the ancient Greeks believed the thymus gland to
be the seat of the soul [1-3].

Galen of Pergamum (130-200 AD), being the first
to observe that the thymus was somehow propor-
tionally largest during infancy and dwindled in size
with aging [4], referred to the thymus as “the organ
of mystery”, a definition that persisted for almost two
millennia, during which the thymus was believed to
be the organ of purification of the nervous system, a
protective thoracic cushion, and a center of regula-
tion of fetal and neonatal respiration.

Implications for Imaging of Thymic Embryology

The thymus originates from the third and fourth
branchial pouch and contains elements of derivation
from all three germ layers [5-7].

The two symmetrical structures merge on the
median line and finally migrate to the anterior me-
diastinum; up until week 9 the thymus is an ex-
clusively epithelial structure but from week 10
lymphoid cells migrate from the liver and the mar-
row into the thymus which becomes lobulated.
Cortical (lymphocyte) and medullary (epithelial)
development is completed after 14-16 weeks.
Neck-to-anterior mediastinum development and
migration explains the presence of tissue of thymic
origin, which can also grow into a thymoma, in ec-
topias along the entire path of migration of the thy-
mus, although it is most often placed in the neck
base.

oz Radiologic Diagnosis:
X-ray, (T and MRI

Matteo Zanichelli, Manuela Gozzi, Mario Bertolani

The Normal Thymus

In infants and children up to 5 years of age the thy-
mus has a four-sided shape, with biconvex lateral
contours.

The thymus is a bilobated gland of triangular
shape and straighter margins, located in the anterior
portion of the superior mediastinum; in adults it ex-
tends above the sternal manubrium up to the IV
costal cartilage [8].

The morphology of the normal thymus is highly
diverse, most especially in children and young adults.

The thymus achieves its maximum size related to
body weight before birth (sometimes being larger
than the heart) and its maximum absolute size at pu-
berty; thereafter its growth comes to an end.

Thymus involution starts at puberty, through vol-
ume reduction and adipose infiltration leading to an
almost complete atrophy: epithelial cells disappear
and there remain few lymphocytes against a back-
ground of adipose tissue.

The normal thymus at CT and MRI has been
broadly studied [9-13].

At CT, the thymus has a homogeneous density
and is usually viewed anteriorly from the aortic
trunk and the origin of the large vessels; the left lobe
is usually slightly larger than the right one; agenesia
of one lobe is, instead, a rare occurrence.

At CT, the gland is best measured through thick-
ness of the lobes on a plane perpendicular to the long
axis of the gland. The maximum normal thickness is
18 mm before age 20 and 13 mm thereafter.

Baron has examined over 150 CT scans of sub-
jects with a normal thymus: thickness decreases with
aging, from 1.1 cm in the 6- to 19-year age bracket
to 0.5 mm over 50 years of age, with a standard de-
viation of 0.4 and 0.27 cm, respectively.
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At MRI, the thymic parenchyma has a homoge-
neous signal, with an intermediate T1 signal that in-
creases with age proportionally with adipose infil-
tration [14-15]; in T2-weighted sequences the signal
of the thymus is high at all ages.

Echotomographic Aspect of the Thymus in Infants
and Children

In infants the thymus can be accurately examined via
a suprasternal and parasternal echotomographic ap-
proach up to the age of 2 years [16-17], though some
authors maintain that it can be correctly studied in
children up to 8 years of age [18-20].

Normally, it has smooth margins and the shape of
a triangle or of a tent in longitudinal scans whereas
in transverse scans it is trapezoid or bilobated in
shape; it lies in the anterior mediastinum and extends
downwards to reach the heart (more rarely the di-
aphragm); an inferior cervical extension of the thy-
mus is not a rare occurrence.

The large vessels, the vena cava, the aorta, the
pulmonary artery, and sometimes also the supra-aor-
tic trunks, surrounded by the thymus, are easily
identifiable.

The thymic tissue has a homogeneously hypoe-
chogenous aspect, with echogenicity similar to that
of the liver but less than that of the thyroid and does
not cause compression of the large vessels [21]; in-
stead, neoplasms or lymphadenomegaly are less ho-
mogeneous.

The Diseased Thymus
Thymic Hyperplasia

Thymic hyperplasia involves an increase in the age-
related volume of the organ as a result of an increase
in cells with normal histologic architecture (true hy-
perplasia) or of the lymphocyte component only
(lymphoid hyperplasia) [22, 23].

True hyperplasia and lymphoid hyperplasia can
be accompanied by a number of pathological condi-
tions and imaging is not enough to tell one form from
the other in that both show a symmetric and diffuse
enlargement of the thymus (Table 9.1).

It would appear that true thymic hyperplasia re-
sults from a rebound with the volume of the thymus
being restored to normal in response to the end of
stressful factors such as chemotherapy, radiotherapy,
steroid therapy, and burns that can induce glandular
atrophy [24].

Table 9.1 Thymic masses

Thymic neoplasms
Benign or invasive thymoma
Carcinoma
Thymolipoma
Lymphoma, in particular Hodgkin lymphoma
Carcinoids (some of which secreting ACTH)
Germ-cell tumors
Thymic cysts
Simple cysts
Multilocular cysts
Cystic neoplasms
Thymoma
Lymphoma
Germ-cell tumors
Thymic hyperplasia
“True” rebound hyperplasia from:
Chemotherapy
Corticosteroid therapy
Radiotherapy
Stress
Cushing Syndrome treatment
Bone marrow transplantation
Lymphoid hyperplasia associated to:
Myasthenia gravis
Systemic lupus erythematosus (SLE)
Sclerodermia
Rheumatoid arthritis
Nodose polyarteritis
Behcet'’s Disease
Hashimoto thyroiditis
Addison’s Disease
Auto-immune hemolytic anemia
Thyreotoxicosis
Graves'Disease

Thymic atrophy occurs in up to 90% of patients
who have received chemotherapy for malignant ex-
tra-thoracic neoplasms [25].

Normally, at the end of therapy the gland resumes
a morphology similar to that it had before treatment;
however, in some cases there may be, in particular
in young patients and most especially in children, a
rebound hyperplasia (i.e., an increase by over 50%
of the baseline volume) [26].

Rebound hyperplasia occurs more frequently 3 to
8 months (average 4.2 months) after the end of
chemotherapy and the onset is quicker in young pa-
tients [27].

Lymphoid hyperplasia is not a rare occurrence in
a normally-sized thymus and is accompanied by a
number of immunopathic diseases like myasthenia
gravis (MG), systemic lupus erythematosus (SLE),
sclerodermia, rheumatoid arthritis, polyarteritis no-
dosa, Behget’s Disease, Hashimoto thyroiditis, Ad-
dison’s Disease, autoimmune hemolytic anemia,
thyreotoxicosis, and Graves’ Disease [28-34].
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Thymic hyperplasia can only rarely be appreci-
ated and evaluated at plain chest X-ray, most espe-
cially in adults; instead, CT scan allows for a good
evaluation of the transverse diameter of the thymus,
which must be lower than 1.8 cm in normal subjects
up to 20 years of age and lower than 1.3 cm in adults
over 20 years of age (Fig. 9.1).

Usually, at CT, the hyperplastic gland retains a
symmetric and regular shape, with smooth contours,
has a homogeneous density, and models itself on the
adjacent mediastinal structures without having a
mass effect [35].

In patients receiving chemotherapy for malignant
neoplasms that can metastasize to the thymus, dif-
ferential diagnosis should consider an increase in the
size of the thymus as a result of secondarisms. Di-
agnostic elements are symptoms related to a neo-
plastic relapse or the presence of a mediastinal mass
which, in light of its symmetry, morphology, and
density, does not show the characteristics of a nor-

mal hyperplasia and which compresses surrounding
structures [36].

Equally challenging can be the differential diag-
nosis between thymic hyperplasia and thymoma,
which has major therapeutical consequences, and re-
lies upon clinical symptoms and the identification of
a well-defined thymic mass.

In difficult cases, Chemical-Shift MRI (Fig. 9.2)
can be helpful in suggesting a possible hyperplasia
in the presence of adipose tissue with an abatement
of the signal in images in phase opposition; this tech-
nique can also be used for the differential diagnosis
between thymic hyperplasia and neoplastic involve-
ment of the thymus [37].

Thymic Cysts

Thymic cysts are rare mediastinal lesions, account-
ing for as little as 1-2% of all anterior mediastinal
masses, and can be congenital or acquired.

Fig. 9.1a-c Thymic hyperplasia. An enlargement of the right superior mediastinal marginal line can be detected in a PA
(a) projection of chest X-ray and not in the LL projection (b). ¢ Hypodense, homogeneous formation with smooth con-

tours in the antero-superior mediastinum found at CT

Fig. 9.2a-c Thymic hyperplasia. At MRI, in the antero-superior part of the mediastinum, the thymus is found to be en-
larged, homogeneously isointense in the weighted T1 sequence (a) and hyperintense in the weighted T2 sequence (b)

and STIR (c)
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Congenital Thymic Cysts

These occur most frequently in pediatric patients and
most likely result from remnants of the thymus-pha-
ryngeal duct [38-42].

As a rule, they are asymptomatic and are an in-
cidental finding. Sometimes they cause dyspnea and
only rarely thoracic pain following bleeding or in-
fection [43].

Usually they are uniloculated, with small and thin
walls, even though large cysts have been reported.

At plain X-ray, congenital thymic cysts cannot be
distinguished from other nonlobulated thymic mass-
es, including thymoma; thin wall calcifications are a
rare occurrence [44-46].

At CT (Fig. 9.3), congenital thymic cysts are mass-
es with homogeneous hydric density, very thin walls,
occasionally with thin, soft-tissue septa inside; rarely
they can be denser due to their being filled with pro-
teinaceous material, in which case they mimic a solid
lesion though without contrast-enhancement [47].

In some cases the diagnostic process can useful-
ly be completed with MRI (Fig. 9.4): indeed, cysts
usually have a low signal in T1 and a high signal in
T2; however, where there is a bleeding inside, the
MRI detects an increase in the signal, including in
T1-weighted sequences [48, 49].

Acquired Thymic Cysts

Usually, these occur inside infective (HIV), inflam-
matory or neoplastic foci or are related to prior tho-
racotomic surgery [50-53].

Amongst malignant neoplasms that can be asso-
ciated to acquired thymic cysts, mention should be
made of Hodgkin lymphoma, seminoma, thymoma,
and thymic carcinoma [54, 55].

Acquired cysts located in an area where a
Hodgkin lymphoma develops can be connected to a
cystic degeneration unrelated to therapy or secondary
to radio- or chemotherapy (in which case, most of
them are benign cystic formations).

At CT, acquired thymic cysts are usually multi-
locular, with variable size and wall thickness and can
contain hemorrhage or calcifications which result in
a nonhomogeneous density of the cyst.

Thymic Neoplasms

Primary thymic tumors originate from the different
tissues that compose the thymus: thymomas and
thymic carcinomas are thymic tumors of epithelial
origin with different histologic aspects and different
biological behavior; other thymic neoplasms include
thymolipomas, neuroendocrine tumors, lymphomas
(most especially Hodgkin lymphoma), and tumors of
the germ line.

Thymomas

Thymomas are the most common primary neoplasm
of the anterior mediastinum in adults, though in 10%
of cases they can result from ectopic foci.

Page: 43 of 111

Fig. 9.3a,b Thymic cyst. At CT, in the anterior mediastinum, regular-margin formation, homogeneously hypodense (a),

with hydric density (b) and without contrast enhancement
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Fig.9.4a-d Congenital thymic cyst from a remnant of the thymo-pharyngeal duct. At MR, lobulated formation, isointense
in the weighted T1 sequence (a) and hyperintense in the weighted T2 sequence in the various spatial planes (b-d)

The highest incidence is in patients over 40, with
no gender differences, while they are a rare occur-
rence in pediatric patients.

Most thymomas are found at routine X-rays in
asymptomatic patients, while only a smaller propor-
tion of patients have thoracic pain or cough due to
compression of the airways.

Thymomas can also accompany a paraneoplastic
syndrome with MG [56-58], hypogammaglobuline-
mia, and aplasia of the red-cell line [59, 60]; in this
regard, in case of MG, a CT can usefully be per-
formed to exclude a thymoma, including in patients
with negative X-rays.

At chest X-ray (Fig. 9.5), thymoma is a capsu-
lated mass, well marked off from surrounding tis-
sues, roughly spherical and more or less lobulated;
typically, it develops anteriorly relative to the aortic
arch and is unilateral [61].

At CT, it often appears in the form of multilobu-
lated masses originating from one or both lobes of
the thymus and distorting the normal contour of the
thymus; they can be homogeneous or heterogeneous
due to the presence of cystic areas of necrosis and
thin, linear calcifications in the periphery of the thy-
moma or inside it [62].

At MRI (Fig. 9.6), thymomas are hypo-isointense
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Fig.9.5a,b PA and LL in patient with thymoma.The mass in the anterior mediastinum is shown in the LL radiogram (b)
as a slightly opaque formation with a thin and discontinuous radioopaque calcific rim

d

Fig.9.6a-c Thymoma.At MRI,in the anterior mediastinum, expansive round formation characterized by smooth, even walls
and hypointense content in the weighted T1 sequence (a) and nonhomogeneous in the weighted T2 sequence (b) and
STIR (c) with small, intralesional liquid areolas

in T1 and hyper-intense in T2 with an often nonho-
mogeneous aspect due to the presence of cystic,
necrotic, and hemorrhagic areas and, frequently, with
fibrous septa inside [63] (Table 9.2).

The prognosis of thymomas depends on whether
they are invasive or noninvasive [64].

From a histological point of view, no character-
istics of malignancy have been observed that corre-
late to a precise biological behavior of this tumor;
likewise, its size does not correlate to the degree of
invasiveness [65].

In “noninvasive” thymomas, the entire neoplasm
is inside the capsule, with no extracapsular spreading.

Even though CT and MR are capable of high-
lighting invasive aspects, under- or overestima-
tion can occur and final staging can only be es-
tablished through surgery and anatomopathology
[66].

An “invasive” behavior can be diagnosed via
imaging in the presence of: infiltrating, poorly de-
fined margins; well-defined invasion of the vessels
and of the vascular wall; irregular interface with the
adjacent pulmonary parenchyma and diffusion to the
homolateral pleura.

Pleural diffusion appears in the form of isolated
pleural nodulations rather than a diffuse thickening
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Table 9.2 Imaging of thymoma

Location (in order of frequency of occurrence)
(Prevascular) antero-superior mediastinum
Cardio-phrenic angle
Neck

Chest X-ray
Mediastinal mass
Smooth or lobulated margins
Often unilateral
Calcifications

CT and MRI

Variable-density soft tissue mass

Cystic spaces

Calcifications

Invasive (aspect similar to that of thymic carcinoma)
Poorly defined, with lobulated or infiltrating margins
Oval shape
Invasion of the mediastinal fat, of the large

vessels and of the thoracic wall

Adjacent lung parenchyma
Focal or diffuse pleural masses
Expansion to the abdomen through the diaphrag-
matic hiatus

of the pleura (differential diagnosis with mesothe-
lioma) [67].

Since large thymomas can also expand to the abdo-
men (Fig. 9.7) through the diaphragmatic hiatus, the up-
per abdomen should be included in CT staging [68-70].

Ectopic Thymomas
Cervical ectopic thymomas are a rare occurrence,

which appear as a mass in the thoracic inlet dislo-
cating the trachea and which can be mistaken for a

mass originating from the thyroid; they occur more
frequently in females than in males and usually do
not cause myasthenic symptoms [71, 72].

Thymic Carcinomas

Thymic carcinomas account for approximately 20%
of malignant tumors of the thymus in adults [73].

They are highly malignant [74, 75] with signs of
local invasion and seeding to loco-regional lymph
nodes and metastases to the lungs, the liver, the en-
cephalus, and the bones.

Usually, these tumors are not accompanied by
paraneoplastic syndromes and the prognosis is ad-
verse, despite therapy, in most cases [76, 77].

Usually, these are large masses, associated, often
also at onset, to intrathoracic lymphadenomegaly and
pleural and pericardial involvement.

At CT, these neoplasms are heterogeneous, with
necrosis and calcifications, poorly defined margins
showing a diffuse involvement of the pleura, the peri-
cardium, and the mediastinum rather than isolated fo-
ci like in isolated thymoma [78].

At MRI (Fig. 9.8), they show an intermediate sig-
nal intensity in T1 and a high intensity in T2 with ar-
eas where the signal can be very heterogeneous due
to necrosis and hemorrhage [79].

Thymolipomas

These are rare and benign thymic neoplasms ac-
counting for 3-9% of all thymic tumors.

Fig. 9.7a,b Thymoma with pleuric (a) and retro-peritoneal (b) diffusion. Nodular thickening of the pleura similar to a
mesothelioma with retrocrural extraperitoneal extension and extension along the left postero-lateral abdominal wall
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Fig.9.8a,b Thymoma with a mainly cystic aspect,incidentally found after a trauma.The weighted T2 coronal (a) and sagit-
tal (b) MR scans show a small solid component as part of a mainly cystic mediastinal mass

They occur in a broad age range and in both gen-
ders, though most frequently in young adults.

As a rule they are asymptomatic, grow slowly,
and are an occasional finding.

There have been cases of thymolipomas accom-
panied by MG, Graves’ Disease, aplastic anemia, and
hypogammaglobulinemia like in the case of thymo-
mas [80].

Histologically, they are composed of mature adi-
pose tissue and areas of normal or involuted thymic
tissue; transformation into a thymosarcoma is an ex-
ceptionally rare occurrence. They are predominantly
located in the anterior, superior, or inferior medi-
astinum, can become significantly large and, being
soft, adapt to the surrounding tissues, thus mimicking
cardiomegalia, atelectasia, or inferior or superior lo-
bar consolidation or diaphragmatic supraelevation in
the presence of an infrapulmonary component [81].

CT scan shows a mediastinal mass, starting from
the thymus, which surrounds adjacent structures and
adapts to them; density is the same as adipose tissue
though with speckling due to the presence of denser
areas, often elongated or frankly linear resulting
from remnants of thymic tissue or septa.

MRI documents a mediastinal mass with a high
signal in T1-dependent images with hypo-intense ar-
eas the meaning of which is similar to the hyperdense
structures at CT [82].

Thymic Lymphomas

Lymphomatous involvement of the thymus is often
found as part of a more generalized disease, most fre-
quently Hodgkin lymphoma [83].

Thymic involvement is often associated to an in-
volvement of the lymph nodes of the mediastinum,
while the isolated form is surely more rare an oc-
currence.

At plain X-ray, thymic lymphoma appears as a
unilateral or bilateral mass of the anterior medi-
astinum, often well marked off.

At CT, it is possible to appreciate a diffuse en-
largement of the thymus or the presence of one or
multiple nonhomogeneous thymic masse(s) with cys-
tic areas of focal necrosis [84].

Differential diagnosis between a thymic lymphoma
and a normal thymus in young patients or rebound
thymic hyperplasia in pediatric patients and young
adults is not easy in that neither CT nor MR provide
univocal answers, though a certain heterogeneity of the
signal at MR appears to be suggestive of a neoplasm.

Neuroendocrine Tumors of the Thymus

These are rare tumors, the potential malignancy of
which is largely variable; histologically they range
from benign forms (thymic carcinoids) to highly ma-
lignant forms (small-cell tumor of the thymus) [85-87].

Amongst these, thymic carcinomas occur predom-
inantly in males in their 40s-50s and are accompanied
in roughly half of the cases by hormonal disorders, in-
cluding the Cushing Syndrome which results from the
production of adrenocorticotropic hormones.

At plain X-ray, neuroendocrine tumors appear as
masses of the anterior mediastinum with well-de-
fined contours and internal calcifications.

At CT and MRI, these masses are typically large,
nonhomogeneous, with signs of local infiltration [88].
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a3 PET Features

Background Information and Definitions

Positron emission tomography (PET) [1] is a tomo-
graphic technique of nuclear medicine in which a
computer-generated image of local radioactive trac-
er distribution in tissues is produced through the de-
tection of annihilation photons emitted when radio-
nuclides introduced into the body decay and release
positrons. PET with 18F-fluorodeoxyglucose (18F-
FDG) uses a radio-labeled analog of glucose to im-
age relative glucose metabolic rates in various tis-
sues. Because glucose metabolism is increased in
many malignancies, 18F-FDG PET is a sensitive
method for detecting, staging, and monitoring the ef-
fects of therapy of many tumors. Computed tomog-
raphy (CT) is a tomographic imaging technique that
uses an X-ray beam to produce anatomic images.
This anatomic information is used to detect and help
to determine the location and extent of malignancies.
Combined PET/CT devices provide both the meta-
bolic information from PET and the anatomic infor-
mation from CT in a single examination. As shown
in some clinical experiences, the information ob-
tained by PET-CT appears to be more accurate in
evaluating patients with known or suspected malig-
nancies than does the information obtained from ei-
ther PET or CT separately and interpreted side by
side.

A PET/CT scanner is an integrated device con-
taining both a CT scanner and a PET scanner with a
patient table, and is capable of obtaining a CT scan
and a PET scan. If a patient does not move between
the scans, the reconstructed PET and CT images will
be spatially registered.

PET/CT coregistration is the process of aligning
PET and CT images for the purposes of combined
image display (fusion) and image analysis.

PET/CT fusion is the combined display of regis-
tered PET and CT image sets. Superimposed data
typically are displayed with the PET data color cod-
ed to the CT data in gray scale.

PET/CT acquisitions can include the whole body,
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an extended portion of the body, or a limited portion
of the body.

18F-FDG PET and CT are proven diagnostic pro-
cedures. Although techniques for registration and fu-
sion of images obtained from separate PET and CT
scanners have been available for several years, the
readily apparent and documental advantages of hav-
ing PET and CT in a single device have resulted in
the rapid dissemination of this technology in the
medical community. PET using 18F-FDG plays an
important role in the evaluation of cancer. Although
highly sensitive for the detection of malignancy, 18F-
FDG uptake in physiological and benign processes
is well documented. Recognition of unusual patterns
of 18F-FDG biodistribution is important in order to
avoid misinterpretation of PET images. For instance,
areas of increased symmetrical 18F-FDG uptake in
the cervical region and the shoulder girdle have
been suggested to represent activated brown adipose
tissue, rather than physiological activity in tense
muscles.

201Thallium-chloride (201T1) was the first ra-
diopharmaceutical used for the detection of tumors,
especially tumors of the thyroid and the lung.
201TI1 was also a thymoma seeking-reagent, refer-
ring to cases of mediastinal thymoma. 201TI also
showed high accumulation in an unusual thymoma
which had developed from the undescended
thymus [2].

Differentiation of Normal and Hyperplastic
Thymus from Malignant Involvement

In the evaluation of malignancy with 18F-FDG, a po-
tential pitfall in the assessment of the anterior medi-
astinum is mistaking normal uptake within the thy-
mus from disease such as adenopathy or local inva-
sion by tumor. The thymus can be infiltrated to a
number of mediastinal neoplasms, involved by
metastatic disease, and most commonly by lym-
phoma (Figs. 10.1, 10.2) [3-7].
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Fig. 10.1a,b Patient: female, age 40 years. Hodgkin's
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The rate of thymic involvement by mediastinal
Hodgkin’s disease has been reported to be 70%. Even
in the absence of lymphomatous infiltration, thymic
enlargement may coexist with lymphoma and may be
present in patients with intrathoracic Hodgkin’s dis-
ease. Increased uptake within the thymus may also
be due to a primary thymic malignancy such as a thy-
moma or thymic carcinoma. Therefore, understand-
ing the PET appearance of physiologic thymic up-
take, the appearance of thymic malignancy, and the
potential distinctions between the two is essential.
Normal thymic appearance is one of the key elements
of assessing the thymus with 18F-FDG PET realiz-
ing which subsets of patients typically exhibit thymic
18F-FDG uptake. In general, it is accepted that the
thymus can be seen at CT in every pediatric patient
(Fig. 10.3). In early reports on the physiologic thymic
uptake of 18F-FDG, some authors extrapolated from
their experience with CT and hypothesized that
thymic uptake could be a normal finding in patients
under the age of 20 years [7-10]. Thymic uptake was
classified as “normal” on the basis of morphologic
features, size, and contour at 18F-FDG PET. Same
authors suggest that metabolic activity in the thymus
ceases at puberty, which is the point at which the thy-
mus undergoes fatty infiltration and involution [11].
Subsequent studies, however, have shown that phys-
iologic thymic uptake can be seen in patients well be-
yond puberty. One study examined thymic uptake at
18F-FDG PET in 94 patients ranging from 18 to
29 years of age and found that 32 of these patients
exhibited normal physiologic thymic uptake. The cri-
teria for “normal” in these patients included a nor-
mal thymus identified at CT, absence of clinical
symptoms of thymus-related disease, and absence of
mediastinal tumor at follow-up ranging from 6 to 69
months [12, 13]. It also found a correlation between
the degree of thymic uptake and the attenuation of
the thymus at CT, supporting the idea that the dis-
appearance of thymic uptake is related to the degree
of fatty infiltration of the thymus. A recent study con-
firmed physiologic thymic 18F-FDG uptake in adult
patients with histologically normal thymic tissue
and thymic enlargement at CT [14].

Although it is evident that both pediatric patients
and, more rarely, adult patients can exhibit normal
physiologic thymic uptake of 18F-FDG, the subset
of patients who undergo chemotherapy deserves par-
ticular attention (Figs. 10.4, 10.5); thus thymic hy-
perplasia follows chemotherapy, especially in young
patients treated for testicular malignancy or malig-
nant lymphoma.

The phenomenon of thymic hyperplasia following
chemotherapy is particularly important to recognize in

young adults, in whom the thymus may not be visu-
alized. In a study, Brink et al. [15] found an increased
18F-FDG uptake in 73% of the children with malig-
nancy prior to chemotherapy and in 75% of the chil-
dren with malignancy following chemotherapy
(Fig. 10.6). However, they also found an increased up-
take in 5% of the adults with lymphoma following
chemotherapy. None of the adults with lymphoma pri-
or to chemotherapy exhibited increased thymic uptake.
These findings support the idea that, although thymic
uptake may be a normal finding in children, it may al-
so be expected in young adults after therapy.

A case of increased thymic uptake in a 54-year-
old woman following radioiodine ablation of a fol-
licular thyroid carcinoma was also reported.

Differentiation of thymic uptake from malignan-
cy may be made in part on the basis of morpholog-
ic features. Characteristics of the thymus derive from
experience with CT imaging [16]. In patients under
the age of 5 years, the thymus is generally quadri-
lateral. As the patient ages, the thymus becomes more
triangular with concave or straight margins and
should be triangular in configuration by the age of
15 years in most patients [17].

Although PET does not offer the same resolution
as CT or magnetic resonance (MR) imaging, the ap-
pearance of physiologic thymic uptake at PET is
characteristic. The thymus appears as a triangular ret-
rosternal region of increased uptake, a finding that
corresponds to the bilobed configuration of the thy-
mus [18]. In questionable cases, correlation with
findings at cross-sectional imaging modalities such
as CT or MR imaging may better delineate the con-
tour of the pertinent region; this is easily reached
with PET-CT.

18F-FDG PET provides information regarding
the metabolic rate of thymic tissue. Several investi-
gators have examined the relationship between the
rate of glucose metabolism and the presence of
thymic neoplasia or mediastinal malignancy using
standardized uptake value (SUV) to measure 18F-
FDG uptake. SUVs have gained wide acceptance as
a method of assessing 18F-FDG uptake by tissue, de-
spite the fact that they may be affected by various
factors, including time elapsed between 18F-FDG in-
jection and imaging, the patient’s body fat content,
body weight, and serum glucose level, and use of a
maximum pixel value versus an average pixel value
for the region of interest. The available data indicate
that SUVs may have a limited role in the differenti-
ation of a normal thymus from thymic neoplasia or
adenopathy, indicating that SUVs may not reliably
help differentiate between physiologic thymic uptake
and thymic neoplasia.
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Fig. 10.4a,b Patient:female, age 24 years.Thyroid pap-
illary carcinoma after surgery. a CT images of thymus.
b PET-CT: transversal views; poor 18F-FDG uptake in
anterior mediastinum (thymus)
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Fig. 10.6a,b Patient: male, age 31 years. HD post chemother-
apy. a PET: coronal views.b PET-CT:transversal views; very low
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The highest SUV value for normal thymus was
found be nearly 2.0, whereas the average SUV oc-
curred in the group of adults with lymphoma fol-
lowing chemotherapy reaches until a maximum of
4.0 [19].

SUV and Thymic Neoplasms

SUV may be useful in evaluating the differentiation
of thymic carcinoma from other thymic neoplasm,
and hyperplasia [20].

Sasaki et al. [21] found a mean SUV of 7.2 for
patients with thymic carcinoma. This value was
significantly greater than the values found for inva-
sive thymoma (3.8) and noninvasive thymoma (3.0).
By using an SUV of 5.0 as a cutoff, the authors
achieved reasonable sensitivity (84.6%), specificity
(92.3%), and accuracy (88.5%) in differentiating
thymic carcinoma from thymoma. They found no
statistically significant difference in SUV between
invasive and noninvasive thymoma, a finding that is
consistent with the histological similarity of the two
tumors [21].

Conclusions

As the number of clinical applications of 18F-FDG
PET-CT grows, the recognition of physiologic
thymic uptake and its differentiation from mediasti-
nal disease will remain important. The correlation
with treatment history (e.g., in patients who have un-
dergone chemotherapy) will suggest the possibility
of rebound thymic hyperplasia. Morphologic data
from CT or MR imaging will continue to play a key
role in diagnosis and will aid in differentiating benign
thymic uptake from malignancy, but PET-CT may
overcome this step with fused images obtained with
a hybrid device and 18F-FDG.

Summary

18F-FDG PET is a sensitive method for detecting,
staging, and monitoring the effects of therapy of
many tumors. PET-CT coregistration is the process
of aligning PET and CT images for the purposes of
combined image display (fusion) and image analy-
sis. In the evaluation of malignancy with 18F-FDG,
a potential pitfall in the assessment of the anterior
mediastinum is mistaking normal uptake within the
thymus from disease such as adenopathy or local in-
vasion by tumor.

Thymic uptake was classified as “normal” on the
basis of morphologic features, size, and contour at
18F-FDG PET. Pediatric patients and, more rarely,
adult patients can exhibit normal physiologic thymic
uptake of 18F-FDG thymic hyperplasia following
chemotherapy, especially in young patients treated
for testicular malignancy or malignant lymphoma.
18F-FDG PET provides information regarding the
metabolic rate of thymic tissue. Several investigators
have examined the relationship between the rate of
glucose metabolism and the presence of thymic neo-
plasia or mediastinal malignancy using standardized
uptake value (SUV) to measure 18F-FDG uptake.
SUV may be useful in evaluating the differentiation
of thymic carcinoma from other thymic neoplasms,
and hyperplasia.
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Introduction

Approximately half of all mediastinal neoplasms are
located in the anterior compartment. Masses in the
anterior mediastinum include a broad variety of dis-
eases ranging from frankly benign ones to extreme
malignancies [1-3].

Thymic disease accounts for a vast proportion of
these expansive lesions originating in the anterior
mediastinum, ranging from 25% to 30% of cases [4,
5]. Indeed, thymic neoplasms followed by lym-
phomas, germ-cell tumors, and carcinomas are pre-
dominantly located in this area.

Thus, whenever confronted with a neoplasm in
the anterior mediastinum, a thymic disease should be
suspected.

Indications

Modern imaging techniques are an irreplaceable step
in the definition of a mass in the anterior medi-
astinum of suspected thymic origin.

CT scan and MRI can provide valuable informa-
tion on the location of the lesion, its characteristics,
its relationships with neighboring organs and struc-
tures and the presence or absence of local invasion.
Radiology often provides hints on the origin of the
lesion, allowing to establish if it is benign or malig-
nant, its extension, and whether or not it is possible
to radically remove it.

If an expansive lesion of the anterior mediastinum
characterized as a thymic neoplasm is definitely re-
sectable at radiological evaluation, surgery should be
performed without preoperative diagnosis (which
would increase morbidity risks and slow down the
therapeutic process [6]).

If, on the other hand, due to the extension of the
disease, surgery is contraindicated or questionable,
diagnostic investigations should undoubtedly be tak-
en a step further to confirm the possible indication
of chemotherapy and/or radiotherapy [1, 2, 7].
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Finally, if after radiological investigation doubts
remain as to the nature of the lesion, i.e., thymoma
or lymphoma, which is treated oncologically, diag-
nostic biopsy becomes mandatory.

Hence, the histological diagnosis of a suspected
thymic neoplasm is indicated in the following cases:
— Nonresectable or possibly nonresectable at radi-

ological evaluation
— Uncertainty in differential diagnosis with respect

to lymphoproliferative forms

Thus, a histological diagnosis will be essential to
establish operability and correct staging of the dis-
ease and to plan, where applicable, chemotherapy
and/or radiotherapy.

The diagnostic techniques used in these cases in-
clude nonsurgical methods such as traditional en-
doscopy, possibly EBUS, and interventional radiol-
ogy techniques such as US/CT-guided transthoracic
needle aspiration or US/CT-guided transthoracic
needle biopsy (FNAB, CNB) as well as minimally
invasive and traditional surgery.

Diagnostic Techniques
1. Endoscopic Techniques

Flexible bronchoscopy is a minimally invasive
method which can be used as an effective outpatient
procedure. It can be performed under local anesthe-
sia only or under conscious sedation. It allows for vi-
sualization of the bronchial tree. Furthermore, it
makes it possible to perform endobronchial sampling,
biopsy of pulmonary parenchyma, and transbronchial
needle aspiration (TBNA) to obtain cytohistologic
specimens by needles of several different sizes (19-
21 gauge). At the mediastinal level, this method al-
lows to reach lesions adjacent to the trachea, large
bronchi, and lymph nodes (stations 2,4, 7, 10 and 11
according to ATS NSCLC classification) [8].

In case of a suspected thymic neoplasm, bron-
choscopy can be proposed if the CT or MRI suggests
a direct invasion of lung or bronchi, or in presence
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of metastatic lymphadenopathies which could be
reached by endoscopy.

Flexible bronchoscopy is also suitable as simple
preoperative examination in order to exclude other
endobronchial alterations in anticipation of thoracic
surgery. In this case, along with the white-light (WL)
inspection, an additional autofluorescence (AFL)
endobronchial examination should be performed if
available. It is indeed recommended in heavy-smok-
ing patients or in subjects who have significant risk
factors for lung cancer. In literature the Relative Sen-
sitivity of AFL along with WL bronchoscopy varies
from 1.3 to 6.3 compared with WL examination
alone in detecting preneoplastic lesions or bronchial
squamous carcinoma either in situ or early [9, 10].

TBNA

In case of thymoma, surgical resection remains the
standard of care for both noninvasive and invasive
lesions, as it provides the best prognosis [11-13]. Sur-
gical excision can be used for diagnosis without a
preventive biopsy, if no lesion of other nature is sus-
pected, e.g., lymphomas.

However, if lymph node metastases are suspect-
ed, it is highly important to verify the neoplastic in-
vasion, since it could exclude surgery.

Thymoma seldom shows lymphogenous metasta-
sis (stage IVb according to Masaoka’s clinical stag-
ing). In a 2003 study by Kondo et al., only 1.8% of
thymomas presented lymph node metastasis, prevail-
ingly in anterior mediastinal lymph nodes and mini-
mally in the other intrathoracic lymph nodes [14].

The thymic carcinoma, on the other hand, which
accounts for only less than 10% of thymic neo-
plasms, showed lymph node metastasis in 26.8% of

cases, of which 69.4% were in anterior mediastinal
lymph nodes, 34.7% in other intrathoracic lymph
nodes, and 30.6% in extrathoracic lymph nodes.

Carcinoid occurs less frequently than carcinoma;
it shows 27.5% of lymph node metastasis, out of
which 90.9% were in anterior mediastinic lymph
nodes; 45.5% in other intrathoracic lymph nodes, and
27.3% in extrathoracic lymph nodes.

Especially in presence of thymic carcinoma, in
case of suspected lymph node lesions which could be
endoscopically reached by TBNA, bronchoscopy
can be suitable for both diagnosis and staging.

TBNA is an operator-dependent technique and it
can be performed as a blind procedure in stations 4,
7, and 10, using endobronchial landmarks and prior
contrast enhancement CT images of enlarged lymph
nodes (Figs. 11.1-11.2). The diagnostic yield, as far

Fig. 11.1 Subcarinal TBNA. Chest X-ray feature

Fig. 11.2a-c Subcarinal TBNA. Step-by-step procedure
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as lung carcinoma metastases are concerned, is 78 %

in two different meta-analyses [15, 16].

There are no studies, in literature, to evaluate the
yield of TBNA in thymic neoplasms, due to the
scarce occurrence of cases.

There are several specific needles used in flexi-
ble bronchoscopy. Instruments used for this proce-
dure share a common architecture and operational
concept:

— Adistal, retractable, sharp-bevelled, metal needle
attached to a flexible catheter that is housed in an
outer sheet into which the needle and its catheter
can be withdrawn;

— A proximal control device that manipulates the
movement of the needle, the stylet, or both, and
has a proximal side-port through which suction
can be applied [17].

Histology probes are made of an outer 19-gauge
needle and a inner 21-gauge needle. The latter acts
as a trocar helping the outer needle to penetrate into
the incision and preventing it from plugging. The his-
tologic core of tissue, after being captured by the
probe, is extracted and placed in a formalin solution
before being sent for staining and pathologic analy-
sis. The cytologic sample can be smeared on glass
slides, and fixed with air or alcohol. This method will
provide for a better preservation of cellular archi-
tecture in the sample, in comparison to the flushing,
centrifugation, and resuspension technique.

Histologic samples are considered adequate when
they show the lymph node histologic architecture.
Cytologic samples are considered adequate when
they present a moderate number of lymphocytes, al-
though an exact cut-off has not been defined as of to-
day [18].

The presence of a cytopathologist at the moment
of procedure (“rapid on-site evaluation”, ROSE)
could be of some help in determining the adequacy
of samples, increasing the yield, and reducing the
complication risk and the overall sampling time [19].

With regard to lymph nodes which could not be
easily reached by blind procedure due to the lack of
endobronchial landmarks (stations 2 and 3), and
with regard to small lymph nodes (short axis <1 cm),
anew echoendoscope model was recently developed.
It makes it possible to visualize lymph nodes and
large vessels adjacent to trachea and bronchi, so that
real-time, echo-guided sampling can be performed
[20, 21].

The ultrasound bronchoscope now available for
the so-called EBUS-TBNA (Endobronchial Ultra-
sound TBNA) features an ultrasound transducer en-
gineered into the tip of the endoscope (distal end out-
er diameter of the instrument: 6.9 mm). The work-

ing channel outlet of the bronchoscope is located im-
mediately before the transducer. When the needle is
extracted out of the working channel, it comes into
the detection range of the transducer and therefore it
can be visualized during aspiration.

The initially developed EBUS technique did not
allow any real-time sampling, since it consisted of in-
troducing, through the working channel of the bron-
choscope, an ultrasound catheter to locate the target;
however, the probe was to be removed afterwards,
for the needle to be inserted through the same work-
ing channel [22].

Patient characteristics, endosonographer experi-
ence, and available expertise for cytologic and his-
tologic review will influence both techniques.

Many studies assessed EBUS as a technique to in-
crease TBNA yield in nonsmall cell lung cancer
(NSCLC). Herth et al., with a randomized study
comparing EBUS-guided with standard TBNA, con-
cluded that EBUS significantly increased the yield of
TBNA in all lymph node stations except for the sub-
carinal one [23]. A deeper analysis of results indi-
cates, however, that in lymph node stations 4L and
4R yield is similar to conventional TBNA [24].

In case of thymic neoplasms, the EBUS-TBNA
can also prove useful when there is a direct invasion
of neoplasm in the middle-mediastinum area adjacent
to the trachea, to perform a needle aspiration of the
neoplastic mass.

EUS

The classic Endoscopic Ultrasound (EUS), per-
formed through a gastroscope, is an effective and
safe method of examining the posterior mediastinum
through the esophageal wall. Mediastinal lymph
nodes may be visualized in the aorto-pulmonary
window (station 5) in the subcarina (station 7), the
paraesophageal area (station 8), and that adjacent to
the inferior pulmonary ligament (station 9).

Two different types of echoendoscopes are avail-
able. The radial endoscope provides a 360° ultra-
sound image; the curvilinear echoendoscope pro-
vides a 180° view that is parallel to the shaft of the
endoscope, allowing for a real-time visualization of
the fine needle aspiration (FNA).

EUS-FNA can usually sample lymph nodes in the
posterior mediastinum (stations 5, 6, 8, 9) and sub-
carina (station 7).

EUS-FNA and TBNA should not necessarily be
regarded as competing modalities, but rather as com-
plementary ones towards lymph node station sam-

pling.
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EUS-FNA presents a good accuracy (around
90%) and sensitivity (around 90%) in NSCLC [25,
26]. With regard to thymic neoplasms, though, no
specific investigation is reported in the literature for
assessing the yield of the procedure. There are, how-
ever, individual case reports [27].

Cytologic interpretation can be hampered by the
presence of blood and benign epithelial cells. EUS-
FNA typically yields a small biopsy sample, thereby
limiting diagnostic accuracy for some lesions such as
lymphomas. Larger caliber cutting needles were de-
signed to overcome many of the problems associat-
ed with FNA. In order to obtain larger tissues spec-
imens for histologic examinations, a new technique,
the trucut biopsy (TCB) was recently developed
[28]. It adopts a special needle, which can be used
with linear echoendoscopes. Experience with EUS-
TCB is rapidly accumulating [29, 30]. In the litera-
ture, there are very few examples of thymic neoplasm
diagnosis by EUS-FNA or EUS-TCB [31].

Endobronchial Invasion

Invasive thymomas extend from the anterior medi-
astinum and they can infiltrate the pericardium, the
pleura, the lung, and other mediastinal structures. If
CT findings demonstrate a neoplastic mass invading
the pulmonary parenchyma, it is seldom possible to
detect, upon preoperative bronchoscopic examina-
tion, an endobronchial invasion with polypoid
growth.

This circumstance is extremely rare in the litera-
ture: so far, only 19 such cases have been described,
either as a first diagnosis [32-34], or as a case of re-
currence [35]. Cough and hemoptysis appear among
the symptoms experienced by most patients [36-38].
There is a frequent occurrence of left-upper lobe
bronchus invasion.

A possible tumor invasion sequence has been hy-
pothesized by Honda et al. [39] and it can be sum-
marized as follows: the thymoma infiltrates the
pleuras and invades a distal bronchus by penetrating
through a sufficiently thin section of its wall; then it
develops inside the bronchus as polypoid lesion. In
most cases, endoscopic biopsy specimens of such
polypoid lesions are not thymoma diagnostic due to
the necrosis of tissues [40].

In our center’s experience, during the past 10
years, we performed 19 bronchoscopic procedures
for suspected or established thymic neoplasms. In
two cases there was a direct pulmonary invasion in
the right-upper lobe. One of them had negative bron-
choscopy examination. The other one, examined in

2003, was a 67-year-old woman who presented he-
moptoe; at bronchoscopy she showed a necrotic-sur-
face polypoid neoplasm obstructing the right-upper
lobe bronchus. She had already undergone mediasti-
nal needle aspiration highly suggestive of thymoma.
In order to prevent postobstructive pneumonia and to
obtain diagnostic biopsies, the patient underwent
rigid bronchoscopy under general anesthesia for
laser-assisted endoscopic disobstruction. Endoscop-
ic biopsies indicated the presence of a carcinoma.
The patient did not present parathymic syndromes.
She was later sent to surgery for complete resection
of the mass in the anterior mediastinum along with
right-upper pulmonary bilobectomy. The final histo-
logic examination confirmed the presence of a well-
differentiated clear-cell thymic carcinoma along with
a thymoma type B2 according to WHO histologic
classification (cortical). On gross examination, the
carcinoma infiltrated the pericardium and pulmonary
parenchyma of the right-upper and middle lobe with
areas of necrosis and hemorrhage. It also grew into
the bronchi of the right-upper lobe for a maximum
residual extent of 1.3 cm beyond the part resected by
rigid bronchoscopy.

Up to the last follow-up check, in 2006, the pa-
tient was alive and disease-free after surgery and ad-
juvant therapy.

2. Interventional Radiology Techniques

Transthoracic percutaneous biopsy of the anterior
mediastinum is widely used for the histological sam-
pling of expansive lesions. It can be fluoroscopy-,
US-, or CT-guided, mainly depending upon the lo-
cation and size of the lesion.

The CT-guided technique is more widespread in
that it makes it possible to accurately evaluate the
borders and margins of the lesion and in particular
its relationships with vascular structures, thus re-
ducing the risk of major complications. The advan-
tage of this technique is that it makes it possible to
verify the position of the needle tip and do repeated
sampling. This technique can be used to tackle most
lesions of the anterior mediastinum.

The US-guided technique is mainly indicated
for masses appearing on the surface of the chest
wall (i.e., without interposed aerated pulmonary
parenchyma).

It is less expensive that the CT-guided technique
and enables real-time monitoring of the advancement
of the needle, making it possible to precisely select
the target and spare, through the use of color Doppler,
vascular structures.
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This procedure is performed under local anes-
thesia, using cytology aspiration needles (20-21 G),
the sensitivity of which, in relation to epithelial
thymic tumors, is reported to attain 61% and 71%
[41, 42], or trucut needles (16-18 G), the sensitivity
of which, based on several case reports in the litera-
ture, is 91.7%, specificity is 100%, global accuracy
is 96% [43] (Figs. 11.3,11.4).

The complications described, though very rare,
include pneumothorax and hemorrhage; hence, the
patient should be hospitalized and receive standard
chest X-ray 24 h after the procedure.

Fig. 11.3 Patient already operated on for thymic carcino-
ma infiltrating the sternal manubrium. CT findings show a
left anterior mediastinal mass infiltrating the chest wall
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Fig. 11.4 US-guided biopsy of the mass that makes it pos-
sible to track the pathway of the biopsy needle. Histology:
recurrence of thymic adenocarcinoma

No cases have been described of neoplastic seed-
ing along the pathway of the biopsy needle.

3. Surgical Techniques

Mediastinal surgical biopsy, if compared to endo-
scopic and interventional radiology biopsies, is al-
ways superior in terms of quantity and quality of
the sample. As a matter of fact, the amount of tissue
taken is fundamental in the case of histologically
complex thymic neoplasms and where doubts exist
as to whether it is a thymic or a lymphoproliferative
lesion. The surgical method also makes it possible
to perform safe targeted biopsies, allowing, as a
result, for the best diagnostic accuracy (as high as
80-100%).

Several authors in the literature have compared
the yield of surgical biopsy against that of other, non-
surgical techniques. Fang and coworkers, in a study
relating to anterior mediastinal masses, reported,
with respect to thymic neoplasms, a diagnostic ac-
curacy of 83.3% with surgical biopsy (mini-medi-
astinotomy), against 40% with CNB [1].

The decision to do a surgical biopsy on this type
of patient should be carefully considered: very often
they have superior vena cava syndrome and hence
can be demanding in clinical, anesthesiological, and
surgical terms as well as in terms of postoperative re-
covery.

To minimize surgical trauma, a limitedly invasive
approach should be selected, to the extent possible.
Minimally invasive endoscopic techniques such as
videothoracoscopy, videomediastinoscopy, pericar-
dioscopy, and video-assisted minithoracotomy can be
the best diagnostic solution and are well tolerated by
patients. Amongst nonendoscopic, minimally inva-
sive techniques, mention should be made of anterior
mini-mediastinotomy, which minimizes surgical
trauma and is optimally tolerated; besides, some au-
thors perform it under local anesthesia.

Only when faced with problems that can make
minimally invasive surgery complex, can there be an
indication for a traditional surgical approach.

Amongst minimally invasive methods, videotho-
racoscopy (VATS) is the one most commonly used.

It allows for excellent exposure of the anterior
mediastinum, is easy, effective, and safe. It is indi-
cated when a thorough exploration of the pleuric cav-
ity is required, such as in the case of anterior medi-
astinal neoplasms accompanied by pleural effusion
[44]. It can also be proposed for pediatric patients [7,
45]. Diagnostic accuracy is very high, attaining
100% of cases [7, 46].
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Usually, the operation requires a triangulation
with three accesses along the mid- and posterior-ax-
illary line. The exact extension of the disease, the lev-
el of infiltration of neighboring structures and where
to do targeted biopsies shall be established intraop-
eratively. Hemostasis at the end of surgery must be
highly accurate (Figs. 11.5-11.7).

Videomediastinoscopy (VAM) can be indicated in
some cases. Three technical variants of videomedi-
astinoscopy can be used for the diagnosis of thymic
neoplasms:

— Cervical VAM
— Anterior VAM
— Retrosternal subxiphoidal VAM.

Cervical VAM can be prevascular, which on the
anterior plane of the anonymous artery reaches the
retrosternal space and the thymic space, or tradi-
tionally retrovascular, which makes it possible to ex-
plore expansive lesions extending from the anterior
to the median mediastinum (Figs. 11.8, 11.9).

The presence of a superior vena cava syndrome
is not a contraindication for this type of examination,
even though a very meticulous dissection is required
to avoid excessive traction of the biopsied tissue, fol-
lowed by a very accurate hemostasis [44, 47]. Intra-
op light on the mediastinal compartment is much
more limited compared to the VATS access; however,

compared to the latter it is less invasive and can be
done as an outpatient procedure [48].

Anterior VAM is indicated for anterior medi-
astinum and retrosternal neoplasms in contact with

Fig.11.6 V.P,30 years old.Detail of chest CT scan.Bulky in-
filtrating mass in the anterior mediastinum reaching the an-
terior chest wall and dislocating the large vessels posteriorly
and laterally

Fig. 11.5a,b V.P, 30 years old. AP (a) and LL (b) chest X-ray. Right parahilar bulky mass with polycyclic edges. Homolat-

eral consensual pleural effusion
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Fig.11.7a,b V.P,30years old.Endoscopic findings at VATS. Bulky, infiltrating neoplasm in the anterior mediastinum.Serum
and blood pleural effusion (a). Biopsy with oncotom (b). Histological diagnosis: thymic carcinoma

Fig. 11.8 Cervical prevascular VAM

Fig. 11.9 Cervical retrovascular VAM
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the anterior chest wall. A minimum intercostal
parasternal access is used (2nd, 3rd, 4th intercostal
space, as appropriate) (Fig. 11.10).

Intraoperative view of the mediastinum is lim-
ited but sufficient to do safe targeted biopsies. It
can also be performed under local anesthesia [44,
49, 50].

Some authors have proposed the retrosternal
subxiphoidal VAM. It requires a subxiphoid incision
making it possible to create a tunnel in the ret-
rosternal space to reach, extrapleurally, the anteri-
or mediastinum (Fig. 11.11). It allows for good
lighting of the thymic space and gives access to
both sides of the mediastinum with a single inci-

sion. However, further confirmation is needed on
larger patient series [51].

Pericardioscopy (PSC) can sometimes be indi-
cated. Although mainly used for neoplastic pericar-
dial effusions from lung cancer, this method is use-
ful where the anterior mediastinal neoplasm is ac-
companied by symptomatic pericardial effusion
requiring urgent drainage. This investigation, done
via a subxiphoid access, makes it possible to evacu-
ate the effusion, locate the neoplasm if it infiltrates
the pericardial sac and do targeted biopsies [44, 52].

Anterior mini-mediastinotomy is another minimal-
ly invasive technique. It uses the same access as an-
terior VAM, which is even smaller than in the tradi-

Fig.11.10 Anterior VAM

Fig.11.11 Retrosternal subxiphoidal
VAM




Chapter 11 - Minimally Invasive and Surgical Diagnosis 129

tional Chamberlain approach (equally used by sever-
al authors, though) [45, 53]. Anterior mini-medi-
astinotomy is successfully performed also under local
anesthesia, without narcosis and orotracheal intubation
of these fragile patients, thus reducing risks [1, 47].

VA (video-assisted) minithoracotomy is yet an-
other minimally invasive technique requiring an ex-
tremely small thoracotomic incision (4-6 cm). It is an
intermediate option between an entirely videoendo-
scopic access and the traditional “open” access and
is thus named Hybrid VATS. It can be used where
strong adhesions make the biopsy more difficult to
perform or when it is necessary to use traditional sur-
gical tools [54].

Usually, traditional “open” techniques such as
minithoracotomy and superior partial median ster-
notomy (manubriotomy) are only proposed in more
complex cases where there are doubts as to the indi-
cation of minimally invasive accesses [44] (Table
11.1).

The complications of using surgical diagnostic
techniques for neoplasms of the anterior medi-
astinum range from intraoperative bleeding and
nerve damage (i.e., damage to the phrenic nerve and
to the recurrent laryngeal nerve) to infection of the
surgical wound [7, 47].

Where the mediastinal neoplasm compresses the
trachea, the use of narcosis can cause, after removal
of the orotracheal tube, an obstruction of the upper
airways and major respiratory distress. In this case,
it is appropriate to perform a diagnostic examination
under local anesthesia like anterior mini-mediastino-
tomy [44, 47, 55, 56].

There are not many studies on the diagnostic ac-
curacy of surgical techniques in the presence of sus-
pected thymic mediastinal masses. There are, instead,
more studies assessing the diagnostic findings of ex-
pansive lesions of the entire mediastinum. A prospec-
tive study by Gossot and coworkers dealing with
VATS and mediastinoscopy has found that the ef-

fectiveness of the two methods is almost the same
[57]. Furrer and coworkers, instead, comparing cer-
vical mediastinoscopy, anterior mediastinotomy, and
VATS, concluded that the diagnostic accuracy of
VATS is higher than that of the other two techniques
(100% vs. 88%) [46]. Fang and coworkers, present-
ing one of the few specific studies done on the his-
tological diagnosis of anterior mediastinal masses,
concluded by highlighting the diagnostic reliability
of minianterior mediastinotomy, which is the same
as that of mediastinoscopy and of traditional “open”
surgery [1].

Clearly, the opinions of the various authors slight-
ly differ depending on their familiarity with individ-
ual procedures and techniques [7].

Conclusions

When a neoplasm is found in the anterior medi-
astinum, thymic disease should be suspected. It is
not, however, always necessary to define histologi-
cal typization a priori. Where the neoplasm is
deemed to be resectable at radiologic imaging, ex-
eresis should be done d’emblée, which will have di-
agnostic and therapeutic value.

A histological diagnosis is instead needed where
radiological findings leave doubts as to operability,
or in case of clear inoperability, or else in the pres-
ence of a problem of differential diagnosis between
a thymoma and a lymphoma.

Correct clinical methodology provides for the
planning of more invasive diagnostic examinations,
starting with endoscopic techniques, moving on
to interventional radiology, and finally to surgery
(Fig. 11.12).

A histological diagnosis is rarely achieved via en-
doscopy: anterior mediastinal masses only rarely
show endobronchial growth and quantitatively ap-
propriate samples might not be obtained with EBUS.

Table 11.1 Biopsy of suspected thymic mediastinal neoplasm. Surgical techniques

Minimally invasive techniques

Traditional “open” techniques

VATS
Pericardioscopy

VAM
Cervical retrovascular
Cervical prevascular
Anterior
Retrosternal subxiphoidal

Anterior mini-mediastinotomy
VA Minithoracotomy

Minithoracotomy
Partial superior median sternotomy (manubriotomy)
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MEDIASTINAL NEOPLASM
OF SUSPECTED THYMIC ORIGIN

r 1
RESECTABLE UNRESECTABLE OR THYMOMA OR LHYMPHOMA?

1 OF DOUBTFUL RESECTABILITY
RESECTIVE ENDOSCOPY

[ SURGERY ] [
DIAGNOSTIC

NON DIAGNOSTIC

L

NON DIAGNOSTIC DIAGNOSTIC
SURGICAL
BIOPSY
MINIMALLY TRADITIONAL
INVASIVE “OPEN"

Fig. 11.12 Algorithm for the diagnosis of suspected thymic mediastinal neoplasm

However, fibrobronchoscopy can be useful for diag-
nosis and staging when CT or MRI findings lead to
suspect a direct pulmonary or bronchial invasion
and/or metastatic mediastinal lymphadenopathies.
Fibrobronchoscopy remains a fundamental preoper-
ative examination in surgical cases to exclude endo-
bronchial lesions.

US/CT-guided interventional radiology techniques
such as FNAB and CNB ensure good diagnostic ac-
curacy but are not indicated if there are doubts be-
tween an expansive thymic lesion and a lymphopro-
liferative disease. In the case of lymphomas, indeed,
the presence of necrotic intratumoral areas can gen-
erate false negatives and, in any case, correct typiza-
tion, which can be complex in some cases, makes it
necessary to take an adequate amount of material,
which can only be done via a surgical biopsy.

Surgical techniques are by far the most effective
ones from a diagnostic point of view. To achieve an
optimal risk-benefit ratio, considering the fragility of
most of these patients, priority should be given to
minimally invasive techniques, leaving traditional
“open” surgery as a second option. Amongst mini-
mally invasive techniques, VATS certainly is the
most widespread; the variants of VAM have precise,

codified indications; anterior mini-mediastinotomy is
well tolerated and can be done under local anesthe-
sia; VA minithoracotomy is easy and resolutive, in-
cluding in cases difficult to handle with a wholly
videoendoscopic access. The traditional “open” ap-
proach, with minithoracotomy or manubriotomy, is
only indicated for particularly complex situations, as
an alternative to minimally invasive access.
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CHAPTER

Joseph B. Shrager

Introduction

The thymus is an H-shaped, bilobed gland that sits
largely in the anterior mediastinum but extends also
into the lower neck. In infancy through adolescence
the gland it quite large, filling the entire anterior me-
diastinum and even bulging the pleurae out laterally
into each hemithorax. With increasing age, as its role
in maturation of the immune system diminishes, the
thymus shrinks dramatically. By age 50, the normal
thymus is a diminutive, mostly fatty structure.

Since the anterior mediastinum is an anatomical
area that both contains and is bordered by a number
of vital vascular and nervous structures, the thymus
sits in direct relation to a number of important struc-
tures. An understanding of these relationships is crit-
ical to the performance of safe and effective thymic
operative procedures. The location of the gland at a
central region of the body which is accessible from
a number of directions has given rise to a variety of
different operative approaches to the thymus. These
include transcervical approaches (TCT), thoraco-
scopic approaches (VATS), and “open” approaches
by median sternotomy or thoracotomy.

We will describe some general aspects of thymic
anatomy first, followed by a description of its rela-
tionships on all sides — anterior, posterior, inferior,
superior, and lateral. Along the way, we will review
how each of these points relates to the conduct of
thymic operations.

General Anatomical Points

Any discussion of the anatomy of the thymus must
differentiate between the main, intracapsular portion
of the gland and the ectopic foci of thymic tissue
which have been described to be fairly widely dis-
persed within the mediastinal and cervical fat, well
outside of this main portion.

It is the main body of the gland that demonstrates
the aforementioned H shape (Fig. 12.1), consisting

Surgical Anatomy
{ A of the Thymus Gland

of elongated left and right lobes that join at their cen-
tral portions just caudal to the left innominate vein.
The cephalad ends of each lobe become thin and are
generally well-defined, whereas the caudal ends of
each lobe are thicker and less easily definable as they
fade into surrounding mediastinal fat as one ap-
proaches the diaphragm. It is the H-shaped main
body of the gland which must be considered when
describing anatomical relations (see following sec-
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Fig.12.1 Jaretski's classic depiction of the H-shaped“body”
of the thymus, with small extracapsular foci of thymic tissue
distributed widely in the mediastinal and cervical adipose
tissues.The author would argue that tissues labeled “extra-
capsular mediastinal lobes” are as likely to be intracapsular
and are included in virtually any “extended” thymectomy
specimen, regardless of approach. Many of the other small-
er ectopic sites are probably only resected by “maximal”
thymectomy (reprinted with permission from [1])
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tions). This H-shaped gland is contained in a fairly
sturdy, thin fibrous capsule which allows the surgeon
to place traction upon it and aids in differentiation
from the surrounding fat. This feature is particular-
ly important in minimally invasive approaches to
thymectomy (VATS and TCT), which rely to some
extent on this ability to retract on the gland. During
TCT, for example, ties are placed on each of the up-
per poles of the gland early on in the dissection, and
because the capsule is firm enough to allow sub-
stantial tension to be placed upon these upper poles,
they can be used as “handles” during the dissection
as it proceeds into the mediastinum.

The color of the gland is also important in the con-
duct of surgical procedures. Although it has been de-
scribed as “salmon pink”. I believe that this descrip-
tion overstates the difference in color between the thy-
mus and the surrounding fatty tissue. In fact, the
thymus itself is only very subtly different in color from
the fat, with a somewhat deeper orangish-yellow and
perhaps a very minor hint of pink. It is not only this
slight difference in color, but also a clearer difference
in texture, that allows the surgeon to differentiate
thymic from fatty tissue. The gland itself, by virtue of
its capsule, has a smoother, more lobulated appearance
while the fat has a less coalesced, less solid appear-
ance. Making this differentiation is particularly chal-
lenging during the most caudal portion of a thymic dis-
section as one approaches the diaphragm, in trying to
separate the inferior thymic poles from surrounding
normal fat. It is just this difficulty that renders it safest
to remove all of this fat rather than try to differentiate
it from intracapsular thymus.

“Ectopic” thymic tissue has been described in au-
topsy [2] and surgical studies [3] to be present at sur-
prisingly high rates in the mediastinal and cervical fat
in which the main body of the thymus is embedded
(Fig. 12.1). The presence of these ectopic foci stimu-
lated some surgeons to advocate more extensive pro-
cedures for thymic resection in myasthenia gravis
(MG) which would include all, or at least more, of the
tissue at these extrathymic sites. Most surgeons have
settled upon the performance of an “extended”
thymectomy for MG which includes the body of the
gland and all of the mediastinal fat surrounding the
thymus between the pleurae — an operation that can be
performed via partial or full median sternotomy, TCT,
or VATS, depending upon the experience of the sur-
geon. A few surgeons, however, advocate a “maximal”
procedure that includes more aggressive resection of
essentially all mediastinal and cervical fat through a
combined sternotomy and cervical incision [4]. The
absence of clear differences in remission rates fol-
lowing these differing procedures, however, calls in-

to question the physiological significance of the ex-
trathymic, ectopic foci in the pathogenesis of MG [5].

The blood supply to the body of the thymus is de-
rived from small branches which arise from the su-
perior and inferior thyroid arteries, the internal mam-
mary vessels, and less importantly from the pericar-
diophrenic vessels. These branches can generally be
controlled with surgical clips intraoperatively. The
venous drainage, on the other hand, is primarily
through 1-3 larger branches that drain directly off of
the posterior aspect of the gland into the left innom-
inate vein. These are usually of sufficient caliber that
formal ligation and division is safest. Other smaller
venous branches may accompany the arterial supply
and can be clipped.

Anterior and Posterior Relations of the Body
of the Gland

The anterior aspect of the intramediastinal portion of
the thymus is applied to the endothoracic fascia lin-
ing the undersurface of the sternum and the most me-
dial costal cartilages. As they ascend into the neck, the
upper poles of the thymus run beneath the manubri-
um or the clavicular heads and then the strap muscles
(sternothyroid and sternohyoid) until they trail off in-
to the thyrothymic ligament at the level of the thyroid
isthmus. In performing TCT, the upper poles are iden-
tified first, in fact, by blunt dissection beneath these
strap muscles (Fig 12.2). When approaching the thy-
mus from the chest, either by sternotomy or VATS,
the upper poles are generally dissected last.

Just posterior to the upper poles lie the carotid
sheaths containing the vagi, so it is important during
dissection in this area to remain directly on the sur-
face of the gland. The posterior aspect of the intra-
mediastinal portion of the gland rests directly on the
anterior pericardium. The plane between the gland
and the pericardium is usually well defined and eas-
ily dissected since it consists of filmy connective tis-
sue. When a tumor, however, breaches this plane and
is adherent to the pericardium, it is of little conse-
quence to resect a portion of the pericardium en bloc
with the mass. Cephalad to the pericardial reflection,
however, the distal ascending aorta/proximal aortic
arch and the superior vena cava are in direct contact
with the posterior surface of the thymus. Aggressive
tumors may traverse the pericardium entirely and in-
vade these structures, or they may invade them di-
rectly above the pericardial reflection, rendering
complete resection a complicated endeavor which at
times may even require cardiopulmonary bypass and
complex vascular reconstructions.
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Fig.12.2 Dissection of the upper pole of the left thymic lobe
from beneath the strap muscles during performance of tran-
scervical thymectomy.The view is from the patient’s head

The upper portions of the two thymic poles run
in the vast majority of cases anterior to the left in-
nominate vein, so the vein usually sits at a posterior
relation of the gland at this level, providing venous
drainage as described above. If a thymic tumor in-
vades the innominate vein, it may be resected with-
out the need for reconstruction. If the superior vena
cava is invaded by a tumor, it too can be resected ei-
ther incompletely or circumferentially, but a normal
lumen must be re-established by either prosthetic or
autogenous tissue reconstruction to provide sufficient
venous drainage of the upper body.

On occasion, one or even both of the poles of the
thymus may run posterior to the innominate vein, and
this may complicate the dissection during thymecto-
my. It is important to note that the phrenic nerves
normally run just posterior to the innominate veins
and that the most anterior and medial portion of the
course of the phrenics is at the level of the vein and
above. The phrenics are closest to the thymus, and
thus most at risk, then, in this area (Fig. 12.3). When
an upper thymic pole runs posterior to the vein, it
must be dissected particularly carefully away from
the phrenic, which will need to be identified carefully
along its course in this region.

The vagus and recurrent laryngeal nerves lie
somewhat more posterior than the phrenic nerves but
even more medially. Only if one has entered a deep-
er plane than is generally required to achieve a com-
plete thymectomy are these nerves put at risk. This
complication has, however, been described.

Fig. 12.3a,b a Anterior and b lateral (right) view of the
course of the phrenic nerves as they descend from the neck
into the mediastinum. The nerves are represented by the
bold black lines.Note how the nerves are most anterior and
medial, and thus most at risk during thymectomy, at ap-
proximately the level of the left innominate vein
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A final posterior relation of the thymus in this re-
gion around the innominate vein is the thoracic duct.
Although injury to the duct is rare during thymecto-
my, it can occur since the duct enters the posterior as-
pect of the venous system in the vicinity of the junc-
tion of the left internal jugular and innominate veins.

Superior and Inferior Relations of the Gland

At the most cephalad extent of the gland, the upper
poles trail off into a thin vascular stalk termed the
thyrothymic ligament. This occurs typically just be-
low the thyroid isthmus. It is important to take the
proximal end of resection fully into these vessels to
assure that no thymic tissue is left in place at this
margin when performing a thymectomy.

At its most caudal extent, the gland fades into sur-
rounding mediastinal fat as it approaches the di-
aphragm (see previous description). A complete
thymectomy generally includes resection of the bulk
of this fat, all the way down to the diaphragm.

Lateral Relations of the Gland

Laterally in the mediastinum sit some of the most im-
portant relations of the gland — the pleurae and the
phrenic nerves. The pleurae contact the entire later-
al aspect of the gland on each side. Some surgeons
believe the mediastinal pleurae must be resected en
bloc with the gland to assure complete thymectomy
in MG, while others feel that the gland can be sepa-
rated from the pleurae. Certainly, in cases of thymic
tumors, adjacent pleura must be resected with the tu-
mor. Occasionally, a tumor will traverse the pleura
to involve the adjacent lung. A portion of lung can
easily be resected en bloc with the tumor to provide
a complete resection. It is the close relationship bet-
ween the pleurae and the thymus that results in
pleural “drop” metastases being the most common
site of recurrence of thymomas. For the same reason,
during thymic resections for tumor, the pleural spaces
and lungs are carefully examined for the presence of
such sites of spread.

At the posterior-most point of the lateral surface
over which the thymus and pleurae are apposed lie
the phrenic nerves (Fig. 12.3). Most surgeons use the
phrenics as the point which defines the posterior-
most extent of dissection within the mediastinum
during thymectomy, although occasionally func-
tioning thymic tissue can extend even slightly be-
yond the phrenics. (I question, however, Jaretzki’s
suggestion that this occurs in approximately 70% of

patients.) Thymic tumors may involve the phrenics,
causing diaphragm paralysis, diaphragm elevation
on imaging studies, and dyspnea. During surgery, it
is acceptable to resect one phrenic nerve in cases of
unilateral involvement if that will allow a complete
resection. This is generally well tolerated in patients
without significant underlying pulmonary disease.
Bilateral phrenic nerve resection is, obviously, con-
traindicated. During TCT for MG, paralyzing agents
are avoided so that if the dissection inadvertently ap-
proaches a phrenic nerve, the surgeon will become
aware of this by the resulting diaphragmatic con-
traction.

Summary

The thymus sits in a central location that puts a num-
ber of vital structures at risk during its surgical re-
section and allows it to be approached from a vari-
ety of directions and incisions. Many of the poten-
tial complications of thymectomy — phrenic or
recurrent nerve injury, bleeding, chylothorax — can be
avoided if one has a detailed knowledge of the
anatomy of the gland and its relations. Further, the
limits of resection for thymic tumors are defined by
these critical adjacent structures. The presence of
small foci of thymic tissue ectopic to the main body
of the gland serves as the pathophysiological basis
for the more extensive procedures that have been
proposed for thymectomy in MG. Whether the more
frequent complications that result from these more
extensive operations balance any small improve-
ment in remission rates that may be achieved remains
to be seen.

References

1.Jaretzki III A (1997) Thymectomy for myasthenia
gravis: Analysis of the controversias regarding tech-
nique and results. Neurology 48(Suppl 5):S52-S63

2. Fukai I, Funato Y, Mizuno T et al (1991) Distribution
of thymic tissue in the mediastinal adipose tissue. J
Thorac Cardiovasc Surg 101:1099-1102

3. Jaretzki A III, Wolff M (1988) “Maximal” thymecto-
my for myasthenia gravis: surgical anatomy and oper-
ative technique. J Thorac Cardiovasc Surg 96:711-716

4. Jaretzki A III, Penn A, Younger D et al (1988) “Max-
imal” thymectomy for myasthenia gravis: Results. J
Thorac Cardiovasc Surg 95:747-757

5. Shrager JB, Deeb ME, Mick R et al (2002) Transcer-
vical thymectomy for myasthenia gravis achieves re-
sults comparable to thymectomy by sternotomy. Ann
Thorac Surg 74:320-327



CHAPTER

LE:

Introduction

In Italy, about 15,000 patients are known to suffer from
myasthenia gravis; however, in other cases the condi-
tion is not diagnosed or is confused with other patholo-
gies. In Europe, it is thought that about 6 in 100,000
inhabitants are affected, and in the USA the incidence
has been estimated at 20 cases for every 100,000 in-
habitants. As regards the patient’s age at onset, there are
two peaks: between 20 and 40 years of age (women
most affected) and 60 to 80 years (no difference be-
tween the sexes). This data would suggest that myas-
thenia gravis patients rarely undergo surgery; on the
contrary, as thymectomy causes a significant improve-
ment in symptoms in 40-90% of cases and complete re-
mission of the disease in 25% of cases, surgery in pa-
tients with myasthenia gravis (especially in large cen-
ters with a Chest Surgery Unit) is not uncommon [1].

From an anesthesiological standpoint, the main
problems to be tackled in myasthenia patients are: pre-
operative assessment and adaptation of pharmacolog-
ical therapy in preparation for surgery, the choice of the
type and dose of the agents to be used during surgery,
postoperative intensive care (when to extubate, the du-
ration of assisted ventilation required). Although pa-
tients with myasthenia gravis should be considered at
high anesthesiological and surgical risk, it can be con-
fidently stated that correct planning of the pre-, intra-,
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and postoperative periods makes it possible to perform
the operation in good safety. However, the question is
more complicated when the presence of myasthenia is
unknown until the time of surgery and suddenly man-
ifests when the patient comes round from the anesthetic
with a delay in decurarization and severely compro-
mised ventilatory function.

Preoperative Period

The anesthesiological consultation is of fundamen-
tal importance in preparing a myasthenic patient for
surgery and although overall it is no different from
that performed on any other patient who is to un-
dergo surgery, it also includes a number of particu-
lar aspects. In the case of a myasthenic patient sched-
uled for thymectomy, as with any other type of
surgery, it is above all essential to determine the grav-
ity, duration, and evolution of the disease to adapt
medical therapy so that the patient reaches the date
of the operation in the best possible conditions.

Clinical Classification of Myasthenia Gravis

The most commonly used method for the clinical stag-
ing of myasthenia gravis patients is that derived from
a study by Osserman [2] in 1971, whereby myasthenia
patients are staged into four groups (see Table 13.1).

Table 13.1 Osserman’s classification of myasthenia gravis based on symptoms and signs

Group | Ocular involvement
Group I A: generalized nonspecific symptoms

B: moderate generalized symptoms
Group Il Severe and acute generalized symptoms
Group IV Advanced stage of disease

Mild, nonspecific symptoms: double vision, drooping
eyelids, no skeletal muscle symptoms, although the elec-
tromyogram may show myasthenic symptoms

Mild ocular and skeletal symptoms without respiratory
muscle involvement. Good response to therapy

Ocular and skeletal symptoms are evident but moderate:
dysphagia, chewing difficulties and impaired speech.
No respiratory muscle involvement. Response to therapy
variable

Significant ocular and skeletal symptoms with respiratory
muscle involvement. Poor response to therapy

Rapidly worsening generalized symptoms with poor
response to therapy
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Thorough research into the various signs and
symptoms of myasthenia allows the anesthetist to as-
certain the degree and gravity of the condition, with
important perioperative implications. Weakness with
ready exhaustion of the muscles is typical of myas-
thenia patients and may be more or less evident, ac-
cording to the gravity of the disease and the effica-
cy of medical treatment. The groups of skeletal mus-
cles involved vary from case to case and may result
in very different clinical conditions. The patient of-
ten complains of general tiredness and experiences
difficult in performing even very simple movements
(such as lifting an arm or clenching a fist). This feel-
ing of weakness is exacerbated by physical activity
and benefits from rest. In the most severe and ad-
vanced cases of myasthenia, the respiratory muscles
are involved, with consequent significant ventilation
difficulties. Eye muscles involvement is common and
leads to the onset of prosis and sight disorders, in par-
ticular double vision. Chewing difficulties should al-
ways be sought, as they suggest facial muscle in-
volvement. This may be associated with lack of ex-
pressiveness and expression disorders, such as
difficulties in smiling. Other particularly important
symptoms are difficulties in talking (dysphonia) and
swallowing (dysphagia). Together with respiratory
muscles weakness, dysphagia in particular causes re-
duced cough efficacy, leading to secretion build up
in the upper airways and consequent respiratory in-
fections (which in turn may worsen myasthenic
symptoms). In the most severe cases, eating diffi-
culties lead to general physical deterioration, with
altered electrolyte and protein values.

Preoperative assessment of a patient with myas-
thenia gravis should also take into consideration the
possibility of the disease being accompanied by oth-
er autoimmune diseases. Rheumatoid arthritis and
thyroid disorders are particularly common in this
type of patient.

Chemistry Tests and Preoperative Procedures

Chemistry tests and instrumental procedures provide
valuable information by specifying the indications
provided by evaluation of the clinical signs and symp-
toms observed in the myasthenic patient, and identi-
fying other concomitant pathologies (see Table 13.2).

In particular, respiratory function tests (evaluat-
ing vital capacity and pulmonary volume) and in-
spiration and expiration tests (for quantifying respi-
ratory fatigue) make it possible to better identify res-
piratory muscles involvement and represent important
elements for determining the duration of postopera-

Table 13.2 Preoperative blood chemistry tests and instru-
mental procedures in myasthenic patient

Complete blood count
with formula

Blood glucose, uricemia,
azotemia and
creatininemia

Electrolytes
Liver function

Electrocardiogram

Chest X-ray

Respiratory function tests
Inspiration and expiration
tests

Neck and chest CT
Neck and chest MRI

Cholinesterase

Creatine phosphokinase

Proteinemia and
electrophoresis

Full urine sediment
examination

Arterial blood gas analysis

tive assisted ventilation. The pO, and pCO, values
obtained from arterial blood gas analysis complete
the evaluation of the respiratory situation in myas-
thenic patients.

Medical Therapy in Preparation for Surgery

Myasthenic patients should ideally be operated on
during the remission stage of the disease; however,
for obvious reasons this is often not possible (such
as for emergency cases) and thymectomy is often the
treatment of election for the specific pathology [3].
When adequately modulated and managed during the
preoperative period, the medical treatment adminis-
tered for myasthenia gravis can favorably affect both
the anesthesiological and postoperative intensive
care phases (see Table 13.3).

Anticholinesterase Agents

The medical therapy most commonly used for myas-
thenic patients is based on an oral administration of
anticholinesterase agents [4] (see Table 13.4). These
inhibit the enzyme anticholinesterase responsible for
acetylcholine breakdown and therefore ultimately

Table 13.3 Medical treatment of myasthenia gravis

Anticholinesterase agents
Immunosuppressive agents/immunomodulators
Plasmapheresis

y-globulin
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Table 13.4 Anticholinesterase agents

Molecule Trade name
Pyridostigmine Mestinon
Neostigmine Prostigmin
Ambenonium Mytelase

Edrophonium (used in the diagnosis
but not in the treatment of myasthenia) Tensilon

prolong the action of the mediator on neuromuscu-
lar transmission [5]. They cause the onset of mus-
carinic effects, with consequent side effects such as
bradycardia, increased salivation, sudoration and
gastric secretion, increased gastrointestinal and uter-
ine motility, and broncospasm.

The most frequently used anticholinesterase agent
is undoubtedly pyridostigmine (Mestinon), which is
administered orally and has a lasting effect and less
severe side effects.

The continuation or suspension of anticholines-
terase therapy in view of surgery continues to be
controversial. Anticholinesterase agents are known
to create problems while under anesthetic as they
strengthen vagal responses, make muscle relax-
ation more problematic, prolong the duration of the
narcotic agents, and slowdown metabolism and
elimination of ester-based local anesthetic. They
can also cause the onset of a cholinergenic attack
in the immediate postthymectomy period. Their ef-
fect of prolonging the activity of acetylcholine at
the postsynaptic membrane in a situation in which
the removal of the thymus gland has eliminated the
main cause of the myasthenia gravis leads to the
onset of overdose with muscular fatigue and weak-
ness that can often be difficult to distinguish from
those of a true myasthenic attack. For the above
reasons, these drugs should be suspended at least
4 days before thymectomy surgery. Suspension
can be well tolerated in myasthenic patients with
initial and mild forms of the disease; however it
can be harmful in the more severe forms, with the
possibility of causing a myasthenic attack close to
the operation. One frequently adopted approach is
to reduce anticholinesterase agents by 20% before
the operation.

From a practical standpoint, anticholinesterase
medication can be suspended if this is well tolerated
by the patient; however in all other cases, it can be
suspended on the morning of the operation (the
thymectomy should be scheduled as the first opera-
tion of the day for this reason) or alternatively not
suspended at all (for example, thymectomy scheduled

for the early afternoon in patients with severe and
acute forms of the disease). One approach is to sus-
pend medication on the morning of surgery to cause
muscle weakness and atonia to facilitate orotracheal
intubation without use of muscle relaxants. Whatev-
er approach adopted, the anesthetist must adapt
his/her intra- and postoperative behavior to suit each
individual patient’s situation, without hazardous gen-
eralizations.

Immunosuppressive Agents

The rationale applied to the use of immunosuppres-
sive agents (corticosteroids, azathioprine, cyclophos-
phamide, cyclosporine, methotrexate and the more re-
cent mycophenolate mofetil, tacrolimus, and ritux-
imab) in treating myasthenia gravis is to restrict
synthesis of anticholinergic receptor antibody by the
body’s immune system. These are used in combina-
tion with anticholinesterase drugs when monothera-
py is inadequate [4]. To avoid a sudden acute relapse
of myasthenia gravis in response to the suspension of
the immunosuppressant therapy, administration is not
usually interrupted for thymectomy.

Plasmapheresis

The use of plasmapheresis removing anticholinergic
receptor antibodies from the circulation, as an alter-
native to high doses of anticholinesterase medication
causes a clear improvement in myasthenia symptoms
and is performed as preparation for surgical removal
of the thymus gland above all in the most serious and
acute cases of myasthenia gravis [6]. This technique
offers the advantages of improving postoperative res-
piratory function, thus shortening intensive care stays
and assisted ventilation. It is useful to remember that
the use of plasmapheresis significantly reduces
serum concentrations of pseudocholinesterase, which
should be borne in mind when a depolarizing mus-
cle relaxant such as succinylcholine is used for oro-
tracheal intubation.

Human Immunoglobulin

Treatment with y-globulin provides a further thera-
peutic alternative to anticholinesterase agents. They
are administered intravenously at high doses
(0.4 gr/Kg/die) and cause a significant reduction in
myasthenia symptoms, with an evident improve-
ment in the general clinical situation [7].
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Intraoperative Period

During the delicate intraoperative phase, in the case
of myasthenic patients, the most important factor is
undoubtedly related to the drugs to be used to induce
and maintain the general anesthesia. In myasthenia
gravis, the transmission of the nerve impulse to the
neuromuscular junction is further depressed by the
action of the agents most commonly used during gen-
eral anesthesia. The anesthesiological technique and
doses used must consequently be suited to the patho-
logical condition in question, and pre- and postoper-
ative monitoring of the patient’s neuromuscular func-
tion is essential. These preliminary considerations
take on greater importance if we consider that the
possibility of early extubation of the patient after the
operation is highly conditioned by both the gravity
of the disease and the consequences of the general
anesthesia.

Pharmacological Interactions in Myasthenia Gravis

Many agents, and not merely those most commonly
used for anesthesia, are able to depress the already
compromised neuromuscular function in myasthenia
gravis patients to a varying extent. The mechanisms
of action can be numerous and both pre- and post-
synaptic [8]. Certain pharmacological substances are
able to cause a clinical worsening in the myasthenia
symptoms with high frequencies and dramatic ef-
fects. Others are relatively harmful, but may in any
case have important and detrimental affects on mus-
cular strength. Others still have effects that can on-
ly be considered as potentially hazardous but rarely
observable and require great care when used on pa-
tients with myasthenia [9]. Use of these kinds of
drugs in myasthenia gravis patients must always be
justified by real necessity and careful risk-benefit
analysis for each individual patient. For each case,
the severity of the illness and its symptoms must be
considered, with particular attention, above all, on
symptoms of respiratory failure.

The active ingredients able to interfere with pre-
viously impaired neuromuscular function can be di-
vided into two main groups: nonanesthetic agents
and agents used for anesthesia.

Nonanesthetic Agents

The most frequently-used medicines able to depress
a previously compromised neuromuscular function in

Table 13.5 Nonanesthetic agents able to depress neuro-
muscular function

Antiarrhythmics
Antibiotics

Procaine amide, quinidine

Gentamycin, amikacin, tobramycin,
streptomycin, kanamycin
Tetracycline, doxycycline, lymecy-
cline, minocycline, oxytetracycline
Ciprofloxacin,acrosoxacin, cinoxacin,
nalidixic acid, norfloxacin, ofloxacin
Polymyxin B, colistin

Telithromycin

Chloroquine, hydroxychloroquine

Penicillamine

Antimalarials

Antirheumatic
agents

Antispasmodics
Beta-blockers

Flavoxate, oxybutinin, propantheline

Propanolol, atenolol, acebutolol, be-
taxolol, bisoprolol, carvedilol, celipro-
lol, esmolol, labetalol, metoprolol,
nadolol, oxprenolol, pindolol, sotalol,

timolol
Antiepileptic Phenytoin
agents
Drugs used in Chlorpromazine, clozapine, flupen-
psychiatry thixol, fluphenazine, loxapine, metho-

trimeprazine, oxypertine, pericya-
zine, perphenazine, pimozide, rispe-
ridone, sulpiride, thioridazine, triflu-
oroperazine, zuclopenthixol
Lithium

Phenelzine, isocarboxazid, tranyl-
cypromine

From: http://www.mgauk.org/main/mgdrugs1.htm, modified

patients with myasthenia gravis include cardiac and
psychotropic agents and certain antibiotics [9]; how-
ever, there is a long list of active ingredients that need
to be used with care in myasthenic patients (see
Table 13.5).

Cardiac Agents

Many cardiac agents included in the Vaughan-
Williams classification (1970) worsen the symptoms
of myasthenia gravis, through various different mech-
anisms. Class I antiarrhythmic drugs, most notably
procainamide (IA), depress the action potential due to
their local anesthetic effect and should consequently
be avoided or used with great care; these include li-
docaine (IB), which would appear to be the safest [9].
Beta-blockers (Class II), such as propanolol, must be
used with great care as, in combination with anti-
cholinesterase agents, they can cause severe brady-
cardia [10]. Calcium inhibitors (Class 1V), like vera-
pamile, reduce the pre- and postsynaptic conductance
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of calcium channels and consequently also require
great care when used [11]. Diuretic agents can cause
potassium deficiency and can influence neuromuscu-
lar transmission, which is depressed by furosemide at
low doses and facilitated at high doses [12].

Psychotropic Agents

Of the various substances routinely used in epilepsy
therapy, trimethiadone is able to cause simil-myas-
thenic syndromes in patients with myasthenia [13, 14],
and is therefore hazardous on account of its interfer-
ence with neuromuscular transmission. Diphenyl-
hydantoin and carbamazepine may be used with cau-
tion when absolutely essential, as they present a rela-
tive risk.

Antibiotics

Antibiotics used in the perioperative period can
worsen myasthenia symptoms with a mechanism that
manifests on both a pre- and post synaptic level.
Aminoglycosides, in particular, can strengthen neu-
romuscular blockade and their effects are poorly an-
tagonized by use of anticholinesterase agents [15].
Fluoroquinolone antibiotics (cyprofloxacin, nor-
floxacin, trovafloxacin, levofloxacin, etc.) have also
been found to heighten muscular weakness in pa-
tients with myasthenia gravis, and in some cases,
highlighted the presence of the illness when it was
still unknown [16, 17]. Cholistin, clindamycin, and
lincomycin should also be used with caution and
tetracyclines should be administered orally, avoiding
intravenous administration.

Anesthetic Agents

Many of the agents used for the various phases of
general or local anesthesia can interfere with neuro-
muscular transmission, and consequently require
special caution when administered to myasthenic pa-
tients (see Table 13.6).

Curariform Agents

Of the various drugs used to induce and maintain
general anesthesia, curariform drugs are those that
arouse the greatest concern when administered to pa-
tients with myasthenia gravis. Their mechanism of
action, which is closely connected to the phys-
iopathology of myasthenia, makes them hazardous

Table 13.6 Anesthetic agents interfering with neuromus-
cular transmission

Potent neuromuscular
transmission depressors

Agents with a mild to no
affect on neuromuscular
transmission

Depolarizing and
nondepolarizing
curariform agents

Halogenated anesthetics

Propofol

Barbiturates

Ketamine Etomidate
Droperidol
Benzodiazepine Opioids

(relative risk)

Local anesthetics
(relative risk)

Nitrogen protoxide

and great caution is therefore required during use.
Moreover, they should only be used when neuro-
muscular function is monitored closely (muscular re-
sponse following electrical stimulation of peripher-
al motor nerves, generally the ulnar nerve).

Muscle relaxants are conventionally classified ac-
cording to their mechanism of action on the neuro-
muscular junction, in the case of both depolarizing
and nondepolarizing curariform agents.

In the operating theatre, the method of election
for monitoring neuromuscular function during
surgery and in the postoperative period is defined
TOF (“train of four”), in which four consecutive
electrical stimuli (2 Hz twitches) are sent for 2 sec-
onds (0.5 second interval), causing a different mus-
cular response according to the efficiency of neuro-
muscular transmission. Before administering the
muscle relaxant, a reference muscle response to four
electric stimuli is aroused (T1, T2, T3, T4) and iden-
tified as a “control” measurement (Tc): it is charac-
terized by the fact that it is always the same (i.e.,
T1=T2=T3=T4=Tc). In the presence of nondepolar-
izing blockade, muscular response to T1 will be
inferior to Tc, and T4<T3<T2<T1; the relationship
between T4 and T1 is considered as a reference for
quantifying the degree of curarization. In the case
of a depolarizing blockade (succinylcholine), Tc>T1
but T1=T4.

Depolarizing Curariform Agents

Succinylcholine, a curariform agent with a depolariz-
ing action on the neuromuscular junction, is generally
used to create the ideal conditions for orotracheal in-
tubation in the case of general anesthetic. Patients with
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myasthenia gravis show a certain resistance to depo-
larizing agents, probably on account of the reduced
number of cholinergic receptors typical of the disease
and on which these agents perform their specific ac-
tion [18, 19]. The dose of succinylcholine needed to
perform rapid sequence orotracheal intubation is high-
er (1.5-2 mg/Kg) in myasthenic patients than in nor-
mal ones. The effects of succinylcholine in myasthe-
nia gravis patients are therefore very variable: the de-
pletion of plasma cholinesterase due to plasmapheresis
or their inhibition by anticholinesterase agents influ-
ences the metabolism of the agent, prolonging neuro-
muscular blockade [20]. The same applies for mivac-
urium, a short half-life nondepolarizing curariform
agent that could be an ideal substitute for succinyl-
choline [21]. Again, repeated doses of succinylcholine
could obtain prolonged muscle relaxation on account
of the establishment of type II blockade. On account
of these very variable and unpredictable effects, most
authors believe the use of depolarizing curariform
agents in myasthenia gravis is risky and to be avoid-
ed when alternatives exist.

Nondepolarizing Curariform Agents

Patients with myasthenia gravis are very sensitive to
the action of nondepolarizing muscle relaxants,
which must only be used when truly indispensable
and always under close supervision and neuromus-
cular function monitoring. It is impossible to estab-
lish general dosage rules for the use of these agents
in patients with myasthenia gravis as the sensitivi-
ty of each patient is individual and depends on the
degree of illness and the extent to which it affects
the various muscle groups. However, the doses must
be very low and 1/4 to 1/8 those used in normal pa-
tients [9].

Long-action nondepolarizing muscle-relaxants
such as pancuronium are generally avoided in cases
of myasthenia gravis, although it has been stated in
literature that a dose of 0.005-0.01 mg/Kg ™' achieves
a blockade equal to that which would be achieved in
a nonmyasthenic patient [22].

The drugs currently used to obtain muscular res-
olution during surgery generally have an intermedi-
ate duration of action, such as vecuronium, atracuri-
um, cis-atracurium.

Vecuronium is generally used in myasthenic sub-
jects at a dose of between 0.005 and 0.03 mg/Kg™.
This interval depends on the differing individual sen-
sitivity of each single subject and the degree of evo-
lution of the myasthenia [9]. There is evidence that
patients with generalized myasthenia are more sen-

sitive to the action of vecuronium than those with pri-
marily ocular involvement [23], whereas serum neg-
ativity to anti-Ach antibodies does not seem to make
patients more resistant than those with serum posi-
tive myasthenia [24].

Atracurium is considered the nondepolarizing
curariform muscle relaxant best suited for use in
myasthenia patients due to its pharmacokinetics
(elimination through the Hoffmann effect) that is
thought to make the recovery of neuromuscular func-
tion very similar to that observed in normal subjects:
the recommended dose would appear to be around
0.1 mg/Kg!' [9,25]. A number of authors also report
that also in the case of atracurium there is a great
variability in the amount of agent required to obtain
similar results between myasthenic patients and
healthy subjects [18, 26].

Myasthenic patients are also more sensitive than
healthy subjects to cisatracurium and doses of
0.05 mg/Kg™! cause onset of shorter and more potent
neuromuscular blockade [27]. Furthermore, the si-
multaneous use of sevoflurane to maintain general
anesthesia makes it possible to obtain complete neu-
romuscular blockade with even lower doses equal to
0.025 mg/Kg™! [27].

Short half-life nondepolarizing muscle relaxants
(mivacurium, rocuronium) have been used on pa-
tients with myasthenia. Findings reported in literature
confirm the greater sensitivity of myasthenia patients
to the action of mivacurium, which therefore calls for
areduction in dose when using this agent [28]; in any
case, its short half-life could facilitate more rapid re-
covery of muscular resolution in the postoperative
period [29]. However, metabolism and breakdown of
the agent depend largely on the action of plasma
cholinesterase, which calls for great caution in the
use of mivacurium in myasthenic patients being
treated with anticholinesterase agents, especially
when taken on the same day as the operation [18].

Halogenated Anesthetics

The muscle relaxant effect of halogenated anesthet-
ics (halothane, isoflurane, enflurane, sevoflurane,
desflurane), potent anesthetics for inhalation, on
healthy subjects [30] has been known for a long time;
this action is heightened in myasthenic patients.
Halogenated anesthetics are highly lipophilic sub-
stances and modify the structure of the plasma mem-
brane inside which the postsynaptic cholinergic re-
ceptor is located, making it less sensitive to the ac-
tion of acetylcholine. In those cases in which
muscular relaxation is not considered to be funda-
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mental for the performance of the operation, the halo-
genated ethers commonly used in clinical practice for
general anesthesia maintenance are able to achieve
satisfactory muscular resolution when used alone. If
a muscle relaxant is simultaneously used, the dose
should be further reduced. These concepts are valid
in both healthy and, above all, myasthenic patients.

The increased potency of neuromuscular block-
ade in myasthenic patients when using halothane,
isoflurane, and enflurane has been extensively doc-
umented in studies completed on the subject for
many years [30-34].

One of the halogenated ethers currently most fre-
quently used is sevoflurane, a potent neuromuscular
transmission inhibitor [35], which was used as a sin-
gle anesthetic agent able to provide satisfactory neu-
romuscular relaxation with MAC values of between
0.5-0.7% and 4% and in the absence of other mus-
cular resolution agents in pediatric and adult myas-
thenic patients undergoing general surgery and
transsternal thymectomy [18, 36, 37].

Desflurane is the halogenated ether most recent-
ly introduced into anesthesiological practice. It caus-
es a reduction in muscle relaxant requirements in
healthy patients and in some cases it has been used
alone, without the aid of muscle relaxants in surgery
on myasthenic patients [38, 39].

Hypnotic and Neuroleptic Agents

Propofol is currently the most frequently used seda-
tive. It has been extensively used in cases of myas-
thenia, for both the induction and maintenance of
general anesthesia, above all in combination with
sevoflurane and especially, with remifentanil in con-
tinuous infusion, in what is known as total intra-
venous anesthesia (TIVA) [40-42]. This agent re-
duces upper airway reflexes and produces favorable
conditions for orotracheal intubation even in the ab-
sence of curariform agents [43]. On account of its
short half-life, it is eliminated rapidly to favor fast re-
covery and early postoperative extubation: charac-
teristics that make it particularly well suited to myas-
thenic patients [42].

Barbiturates would appear to have little effect on
neuromuscular transmission. On a presynaptic level,
they increase the quantity of acetylcholine freed
whereas, postsynaptically, they reduce receptor sen-
sitivity, thus making the final effect null [9]. Etomi-
date would appear to have a similar action.

Ketamine, on the other hand, could worsen neu-
romuscular blockade due to its desensitizing effect on
the postsynaptic receptors [9].

Benzodiazepines should be used with care and at
reduced doses in myasthenic patients, in that its mus-
cle relaxant action takes place in the marrow, thus
strengthening the inhibiting action of GABA on
muscle tone [9].

Droperidol does not affect neuromuscular trans-
mission at all, whereas a slight effect can be obtained
by phenothiazine, by desensitizing the postsynaptic
membrane receptors.

Morphine and Other Opioids

Morphine, its derivates and synthetic opioids (espe-
cially fentanyl) can be used in myasthenic patients
as they do not have any particular affect on neuro-
muscular transmission; however, the risk of causing
respiratory depression calls for caution and close
monitoring, especially when used as premedication.

Remifentanil merits a separate comment. This
very potent, short half-life agent is used almost ex-
clusively as a continuous infusion. Literature pro-
vides extensive evidence of its use in myasthenic pa-
tients, in combination with propofol (TIVA) or halo-
genated ethers (sevoflurane and desflurane) [40, 41,
44, 45]. Its advantages when used on patients with
myasthenia gravis could be primarily attributed to its
very rapid metabolism when the continuous infusion
is interrupted, and for operations not requiring great
muscular relaxation, to the possibility of avoiding the
use of nondepolarizing muscle relaxants to adapt the
patient to mechanical ventilation.

Local Anesthetics

It has been known for some time that, on account of
their desensitization of the postsynaptic membrane,
local anesthetic agents depress neuromuscular trans-
mission [46]; this occurs if the agent reaches high
blood levels. In this sense, ester-based local anes-
thetics (procaine, tetracaine) are more dangerous, be-
cause they are metabolized by plasma cholinesterase,
which interacts with the anticholinesterase agents the
myasthenic patient is receiving. Amino-amide agents
(lidocaine, mepivacaine, bupivacain, levo-bupiva-
caine) can be used with caution and at reduced dos-
es in patients with myasthenia gravis. In actual fact,
combining general anesthesia and local anesthesia
techniques has a number of advantages, especially as
regards both intra- and postoperative pain control.
The use of thoracic epidural anesthetic and thoracic
paravertebral blockade, in association with general
anesthetic, is widely used and has been amply doc-
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umented in the literature [18, 39, 44, 47]. The re-
duction in surgical stress and pain control improve
postsurgical outcome and favor a more rapid recov-
ery of respiratory function, especially when em-
ploying conservative surgical techniques of different
kinds (transsternal or thoracic thymectomy).

Postoperative Period

Postoperative management of the myasthenic pa-
tient remains a key issue. The possibility of devel-
oping respiratory failure, especially after major
surgery and thymectomy, has been amply docu-
mented and is the most feared problem during the
intensive care of this type of patient [48]. The first
significant cases published between 1940 and 1960
reported high surgical mortality of between 10 and
30% [49, 50]. These very unreassuring percentages
obviously encouraged a very cautious attitude in the
postoperative period and the adoption of precau-
tionary measures that are no longer in use today. In-
traoperative tracheotomy was performed in almost
all patients and controlled ventilation was contin-
ued for at least 1 week after surgery and gradually
suspended with the aid of anticholinesterase agents.
These measures made it possible to reduce mortal-
ity to 1-3% [9].

Thorough preoperative evaluation of myasthenic
patients, appropriate monitoring and medical treat-
ment, the use of increasingly safe anesthesia agents
and techniques, and the significant progress achieved
in postoperative intensive care have now made the
need to perform tracheotomy exceedingly rare and,
when necessary, it is possible to obtain very rapid ex-
tubation times, with good recovery of spontaneous
breathing.

Another greatly disputed subject is that relating
to the precociousness of extubation of myasthenic
patients undergoing surgery. In most cases, extuba-
tion is performed early, either in the theatre or in the
recovery room from 30 minutes to 2 hours after the
end of surgery, provided certain essential conditions
are present (patient awake and cooperative, adequate
muscular strength, good spirometric and blood gas
values, and adequate heating and monitoring) [9]. In
other cases, the patients may require controlled ven-
tilation for a longer period of up to 24 hours [9]. In
addition to the patient’s clinical condition and the
evolution of the disease, this variability is also in-
fluenced by surgical and anesthesiological tech-
niques used during the operation. For example, trans-
cervical thymectomy would appear to be less prone
to postoperative respiratory failure than the transster-

nal technique, since in the former the integrity of the
chest wall is preserved to a greater degree and con-
sequently so are normal pulmonary pressure values,
especially vital capacity [1].

It would be very useful to identify the predictive
factors able to indicate the possibility of early extu-
bation of the myasthenic patient even before surgery.
One attempt in this sense (1974) suggested that in a
myasthenic patient with ocular symptoms and posi-
tive history of respiratory failure or myasthenic at-
tack and with a vital capacity lower than 2 liters, it
was prudent to perform a preventative intraoperative
tracheotomy on account of the high possibility of
lengthy postoperative respiratory assistance [48]. A
later study conducted in 1975 suggested that post-
operative respiratory assistance was associated to a
pulmonary vital capacity, measured before the oper-
ation, of less than 2 liters and simultaneous presence
of bulbar symptoms (especially dysphagia), thymo-
ma, and age above 50 [51] (see Table 13.7).

A retrospective analytical study published in 1980
on myasthenic patients undergoing transsternal
thymectomy identified four risk factors correlated to
the need for postoperative respiratory assistance
[52]: duration of myasthenia gravis >6 years, prior
episodes of respiratory insufficiency correlated to
myasthenia or chronic respiratory disease, daily dose
of pyridostigmine higher than 750 mg, and preoper-
ative vital capacity of less than 2.9 liters. Each of
these parameters was assigned a score, whose sum
produced a maximum rating of 34. If the sum of the
various scores was higher than 12, mechanical ven-
tilation was considered necessary; an area of uncer-
tainty was associated to scores of between 10 and 12,
and early extubation was performed if the score was
below 10 (see Table 13.8). The attempt to validate
this score by applying it to different groups of myas-
thenic patients undergoing thymectomy produced
less than convincing results, rather highlighting the
predictive importance of certain symptoms correlat-
ed to the gravity of the myasthenia, in particular bul-
bar involvement with talking difficulties and/or dys-
phagia [53].

To guarantee early extubation after thymectomy,
the patient’s preoperative respiratory strength and

Table 13.7 Loach’s predicting criteria for postoperative
respiratory assistance [51]

Vital capacity of less than 21 in the preoperative period
Presence of thymoma

Presence of bulbar involvement (dysphagia)

Age above 50 years
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Table 13.8 Leventhal’s score for prediction of the need
for postoperative mechanical ventilation in myasthenia
gravis [52]

Duration of myasthenia =6 years 12
Prior respiratory failure and/or COPD 10
Daily dose of pyridostigmin >750 mg 8
Vital capacity <2.9 liters 6
Maximum rating 34

If <10: rapid extubation
If between 10 and 12: uncertainty
If >12: certain mechanical ventilation

consequently coughing reflex were considered im-
portant predictive parameters. The study of the pul-
monary volume and of peak inspiration and expira-
tion pressures therefore represents a valuable and es-
sential evaluation in myasthenic patients scheduled
for surgery [54, 55].

The above comments suggest that there are still
no certain predictive criteria that can be applied in a
general way to all myasthenic patients due to have
surgery. Evaluation must be performed on a case-by-
case basis, considering the many variables that can
affect the postoperative course, without hazardous
generalizations. However, it can be said that tra-
cheotomy is rarely performed nowadays and only in
those patients who will require mechanical ventila-
tion for more than 10 days after the operation [1].

It is also important to use those anesthesiological
techniques that, by guaranteeing ever-greater safety
to myasthenic patients, also favor rapid extubation,
with minimal use of postoperative respiratory assis-
tance.

As discussed at length in the previous paragraphs,
both depolarizing and nondepolarizing curariform
agents should be avoided where possible in myas-
thenic patients. Most surgery can be performed with-
out using muscle relaxants and this applies also to
thymectomies. Very often, muscle relaxant use is on-
ly needed to obtain ideal conditions for orotracheal
intubation. The use of agents for general anesthesia
induction such as propofol (which provides adequate
conditions for easy orotracheal intubation [43]), in
combination with local anesthesia of the laryngeal in-
let with lidocaine, make it possible to avoid using
muscle relaxants for induction. To maintain anes-
thesia, halogenated ethers (such as sevoflurane and
desflurane) are able to grant the surgeon a more than
satisfactory condition of muscular relaxation for the
whole operation. If the use of nondepolarizing agents
(vecuronium, atracurium, cis-atracurium) is consid-
ered to be essential, their dosage should be reduced

to as little as 1/8 of that usually used. It should, how-
ever, be remembered that, in myasthenic patients, in-
tra- and postoperative monitoring of the neuromus-
cular function (mechanographical and electrograph-
ical) is essential, regardless of the anesthetic agents
employed.

General anesthesia can be maintained using pri-
marily inhalatory techniques with halogenated anes-
thetics or totally intravenous anesthetic with a con-
tinuous infusion of propofol and remifentanil. When
anesthesia maintenance using halogenated anesthet-
ics is chosen, short half-life agents such as sevoflu-
rane and desflurane should be used. As these sub-
stances do not have any analgesic properties, simul-
taneous use of bolus fentanyl or continuous
intravenous infusion of remifentanil will be required
for postoperative pain relief. In recent years, the use
of local anesthetic (thoracic epidural, thoracic par-
avertebral blockade, subarachnoid anesthesia) with
administration of long-lasting anesthetic agents
(bupivacaine, levo-bupivacaine, ropivacaine) has be-
come increasingly widespread and makes it possible
to maintain a lighter general anesthetic plan but op-
timal intra and postoperative pain control [44, 47].
Totally intravenous analgesia (TTVA and TIVA-TCI
i.e., target control infusion) is based on a simultane-
ous infusion of propofol and remifentanil, agents
with a short half-lives and that do not leave an
“anesthetic tail,” thus favoring rapid postoperative
recovery and early extubation [41]. Comparisons
conducted on myasthenic patients undergoing
transsternal thymectomy between two general anes-
thesia techniques, one based on maintenance with a
continuous infusion of propofol and the other with
sevoflurane by inhalation, without the use of muscle
relaxants in either case, showed no difference be-
tween the groups in relation to the patients’ postop-
erative recovery with regard to both consciousness
and neuromuscular function. In all cases, extubation
was performed while still in the theatre, before trans-
ferring the patients to intensive care [42].

Despite the safety of the anesthesiological tech-
niques currently used, it must always be remembered
that myasthenic patients are nevertheless at high risk
and that, despite having performed rapid extubation,
it would be imprudent not to transfer the patient to
intensive care for 24-48 hours after surgery. In this
phase, neuromuscular and respiratory function mon-
itoring (spirometry and blood gas tests) are essential
to improving outcome. Pain control is another im-
portant factor in this phase and in many cases bene-
fits can be obtained from the local anesthesia tech-
niques that can be implemented (thoracic epidural,
thoracic paravertebral block), which should conse-
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quently be performed whenever possible in the case
of myasthenic patients. Generally speaking, the most
frequently used analgesic agents are morphine and
opioids in general (such as meperidine, fentanyl, and
sufentanil) [1]. It is important to remember that with
a mechanism that is not yet completely clear, the ef-
fects of morphine are made more potent by anti-
cholinesterase agents: doses should therefore be re-
duced in myasthenic patients on medical therapy to
as little as one third the normal value [1].

The management of anticholinesterase therapy af-
ter thymectomy is an important part of the postoper-
ative stage. This phase is characterized by two con-
trasting conditions: on the one hand there is a vari-
able timeframe (from a few to 48 hours) in which the
patient does not need anticholinesterase agents and on
the other, and in particular after thymectomy, the sen-
sitivity to anticholinesterase agents is generally in-
creased. In some cases, treatment is reinstated very
shortly after reawakening, possible at lower doses and
gradually ramped up. In other cases, after consider-
ing compatibly with the patient’s symptoms, it is
recommenced later, up to 3-4 days after the operation.
If the patient undergoes plasmapheresis before
surgery, the reintroduction of anticholinesterase ther-
apy may be further postponed or, in some cases, de-
finitively suspended. It has in fact been observed that
1 year after thymectomy, in 30% of cases there is a
complete remission of the myasthenia gravis and 80%
undergo a clear improvement in symptoms [1, 56].
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Introduction

Since the pioneering reports by Blalock and associ-
ates [1] and Keynes [2], surgical removal of the thy-
mus continues to play a controversial role in the treat-
ment of myasthenia gravis.

Myasthenia gravis (MG) is a rare autoimmune
disease of the neuromuscular transmission, with an
estimated prevalence of 15/100,000, and an annual
incidence of 1.1/100,000 [3]. Typical clinical features
of the disease are skeletal muscle weakness, fluctu-
ating in extent and severity over the course of time,
and easy muscular fatigability on repeated effort. Ap-
proximately half of the patients present with purely
ocular muscular involvement in the form of ptosis
and/or diplopia. Within 2 to 3 years, most of the pa-
tients progress to systemic disease (generalized MG),
affecting facial, limb, and axial muscles [4]. Oropha-
ryngeal and respiratory muscle involvement leads to
dysarthria, dysphagia, feeding difficulty, and respi-
ratory insufficiency, respectively [5]. However, a mi-
nority of patients continue to have only ocular symp-
toms or they may have a spontaneous remission of
the disease [6].

In 85% of MG patients, demonstrable serum an-
tibodies against the acetylcholine receptor (AChR) at
the neuromuscular junction are present. AChR anti-
bodies reduce the number of functioning receptors at
the postsynaptic terminal of the neuromuscular junc-
tion [7]. Besides functional blockade, AChR anti-
bodies cause an accelerated degradation and endo-
cytosis of AChRs, and a complement-mediated de-
struction of the synaptic folds. Of the 15% of
generalized MG patients without detectable serum
AChR antibodies, about 50% have antibodies that
bind to another synaptic antigen, the muscle-specif-
ic receptor tyrosine kinase (MuSK), causing func-
tional blockade of receptors and, possibly, comple-
ment-mediated damage of the neuromuscular junc-
tion [8]. The remaining seronegative MG patients
may have antibodies directed at sites other than the
main binding sites.

sy Conventional Techniques:

According to pathologic and immunologic studies
[9-12], the thymus is thought to play a primary role in
the pathogenesis of MG. A thymoma or a hyperplastic
thymus is found in 15% and in 60% of MG patients,
respectively. An increased number of AChR-specific
T-cells and of B-cells, these latter ones capable of pro-
ducing AChR antibodies in culture, are found in the hy-
perplastic thymus. The thymus is the site of T-cell de-
velopment and education, and it preserves self-tolerance
and autoimmunity. Indeed, in animals, complete re-
moval of the thymus in the neonatal period prevents ex-
perimental autoimmune MG. In MG patients, removal
of residual thymus after incomplete thymectomy
achieves complete remission from the disease [13, 14].
However, the starting event in the autoimmune process
of MG is not understood nor has the mechanism of the
action of thymectomy in MG patients been fully eluci-
dated. Furthermore, there is no other autoimmune dis-
ease treated by surgical removal of a gland [15], and the
benefit of thymectomy in MG has not been definitely
confirmed by randomized, well-controlled trials. Nev-
ertheless, thymectomy is widely practiced in MG pa-
tients with and without thymoma.

Indications

Current indications for surgical treatment in MG in-

clude the following.

— Thymomatous myasthenia gravis: Thymectomy
is formally indicated irrespective of the extent and
severity of MG [16-18].

— Nonthymomatous generalized myasthenia gravis:
Early-onset AChR antibodies-positive patients with
generalized MG and insufficient response to med-
ical therapy should be considered for thymectomy
as an option in order to increase the probability of
remission or improvement [16-18]. Conflicting in-
formation exists about the indication for thymec-
tomy in AChR antibodies-negative patients [19-21].

— Nonthymomatous ocular myasthenia gravis: The
debate over the role of thymectomy in the man-
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agement of ocular MG has yet to be resolved, giv-
en the absence of clear-cut evidence that thymec-
tomy lowers the risk of developing generalized
MG or induces full remission in patients with oc-
ular MG. However, it can be offered to young pa-
tients with persistent and disabling symptoms
who do not respond satisfactorily to medical
therapy [15, 22-24].

The Operation

Different surgical approaches and techniques have
been recommended for removal of the thymus in MG
including transcervical, transsternal, combined trans-
cervical and transsternal, and video-assisted transtho-
racic thymectomy. All procedures include an extra-
capsular extraction of the central cervical-mediastinal
lobes of the thymus, and differ in the extent of cervi-
cal-mediastinal exploration and dissection [25-27].

“Complete thymectomy” is considered the tech-
nical goal of surgery. However, since the available
evidence does not convincingly demonstrate that
more aggressive resections result in better outcomes
than lesser resections, controversy continues regard-
ing the best surgical approach and technique to ac-
complish “adequate excision” of the thymus in order
to achieve optimal benefit.

Preoperative Evaluation and Preparation

The referring neurologist plays a central role in the
perioperative management of MG patients being
considered for thymectomy.

These patients undergo contrast-enhanced com-
puted tomography (CT) scan or magnetic resonance
(MR) imaging of the chest in order to check for an
associated thymoma. In individuals with suspected
thymomas greater than 3 cm in diameter or seeming-
ly invasive, the transsternal approach is to be chosen.
Relative contraindications to the transcervical ap-
proach include previous cervico-mediastinal surgery
and limited neck extension from osteoarthritis.

In view of the potential for postoperative aspira-
tion, ineffective cough, and respiratory failure, pa-
tients with more than mild generalized MG or
oropharyngeal and respiratory muscle weakness
should undergo pulmonary function tests including
measurement of maximum expiratory force (MEF).
Indeed, MEF is a valuable measure of cough effec-
tiveness and helps to identify patients at an increased
risk of postoperative complications [27]. According-
ly, MG symptoms should be medically well con-
trolled before surgery [28]. In patients who cannot be

stabilized with anticholinesterase inhibition and/or
immunosuppression, plasma exchange or intra-
venous immunoglobulin is recommended as a short-
term treatment in preparation for surgery [18].

Patients take cholinergic inhibitors until the
morning of surgery. A general anesthetic is adminis-
tered with a single-lumen endotracheal tube. Usual
anesthetic management consists of a halogenated
agent supplemented by intravenous short-acting nar-
cotics as required. Nondepolarizing muscle relaxants
are avoided or employed sparingly in order to ensure
safe extubation at the end of surgery.

Operative Technique

The anesthetized patient is placed in the supine po-
sition with the head at the very end of the operating
room table and the arms along the sides. The endo-
tracheal tube is positioned at the patient’s right as far
laterally as feasible to ensure optimal access to me-
diastinal exploration and dissection. In order to allow
hyperextension of the neck and increase exposure, a
bolster or pillow is placed under the shoulders while
the occiput is supported by a ring. The neck and an-
terior chest are prepped as if a sternotomy were need-
ed. Typically, the operating surgeon stands, and lat-
er on sits, at the patient’s head, wearing a head light.
An 8- to 10-cm curvilinear incision is made, ideal-
ly along a skin crease, at the base of the neck, one fin-
ger breadth above the sternal notch and the same dis-
tance above the clavicle on each side. The incision is
deepened through the subcutaneous fascia and platys-
ma down to the deep cervical fascia. Flaps are raised
immediately deep to the platysma and superficial to the
deep cervical fascia, superiorly to the inferior border
of the thyroid cartilage and inferiorly to a point just be-
low the manubriosternal junction in case an upper par-
tial sternal split is needed. The wound edges are re-
tracted by a suitable retractor and the soft tissue at the
suprasternal notch is divided with electrocautery down
to the external periosteum of the manubrium.
Thereafter, the areolar fascia which joins the strap
muscles in the midline is divided and the sternohy-
oid muscles are retracted laterally to expose the ster-
nothyroid muscles. The thin fascial envelope sur-
rounding these muscles blends imperceptibly with the
underlying surgical capsule of the thyroid and thymus
glands, so that muscles and glands have to be gradu-
ally separated, proceeding from medial to lateral. The
superior poles of the thymus are identified and dis-
sected free from their beds up to the thyroid gland.
The thyrothymic ligaments are ligated and divided,
and, by applying gentle retraction, the anterior surface
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of thymic lobes is bluntly dissected free down to the
thoracic inlet. With sharp and blunt dissection a ret-
rosternal plane is developed to accommodate the
placement of a specially designed retractor [29]. Oth-
erwise, a retractor traditionally used for cardiac sur-
gical procedures can be employed [30]. By applying
due upward traction on the retractor, the manubrium
is lifted and enhanced visualization of the anterior me-
diastinal area is provided. According to de Perrot and
associates [31], a videothoracoscope is a useful ad-
junct in the full exposure of the distal thymus. Alter-
natively, an upper partial sternal split is made with or
without an additional skin incision, and a specially de-
signed retraction-suspension device, provided with a
V-shaped opening (Fig. 14.1), can be used to obtain
adequate exposure of the mediastinal portion of the
thymus (Fig. 14.2) [32, 33].

Fig. 14.1 The retraction-suspension device developed by
the senior author (PB.).En cartouche, the self-retaining ster-
nal retractor, provided with a V-shaped opening

At this point, the posterior surface of the superi-
or poles of the thymus is progressively dissected free
by blunt and sharp maneuvers to display the central
venous drainage into the left innominate vein (Fig.
14.3). These thymic veins are ligated and divided. In
the occasional patient in whom part of the thymus is
located behind the left innominate vein, careful dis-
section of this area is needed to avoid retained
thymic tissue. With the aid of gentle traction applied
upward and forward, the posterior aspect of the thy-
mus is progressively mobilized off the pericardium.

Subsequently, the dissection proceeds laterally
sweeping away the thymus and adjacent fat pads
from the mediastinal pleura on both sides. The lat-
eral blood supply from the internal mammary artery
is ligated or clipped and divided. Utmost care is paid
to the visualization and preservation of the phrenic

Fig. 14.3 The thymic venous drainage into the left in-
nominate vein is shown

. !

Fig.14.2a-c aThe sternal retractor is put into the upper partial sternal split, b gradually opened, and c connected to the
lifting device
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nerves. By alternating caudal and lateral dissection,
the thymus and surrounding fat are progressively dis-
sected free from their attachments and removed.
Then, remnants of fatty tissue in the antero-superior
mediastinum are identified and excised as separate
specimens.

At the end of the procedure, the space is drained
by a small suction catheter which is removed 24 h
after surgery. Fortuitous openings of the mediastinal
pleura are repaired under a prolonged positive pres-
sure breath. If an upper partial sternal split has been
made, the sternum is approximated with interrupted
wires. The strap muscles, platysma, and skin are
closed with absorbable sutures.

Most patients can be extubated immediately af-
ter the operation. An upright chest X-ray is performed
in the recovery room.

Results

Several authors [16, 17, 25-27, 34] have raised crit-
ical remarks on the literature addressing the role and
effectiveness of thymectomy and of the different sur-
gical approaches to thymectomy in the treatment of
MG patients. In the absence of randomized con-
trolled trials, these authors have underlined the many
confounding differences in the baseline characteris-
tics of patient cohorts, the inconsistency in assess-
ment and statistical analysis of data, and the addi-

tional confounders introduced by outcome compar-
isons between uncontrolled studies.

Bearing in mind these limitations, the transcervi-
cal approach appears to offer several advantages. It
is a less invasive procedure, which requires a de-
creased operative time and a minimal postoperative
length of stay, reducing costs. Better preservation of
lung function contributes to a low postoperative
morbidity rate (Table 14.1) and fosters an early re-
turn to full activity. Consequently, referring neurol-
ogists and patients are provided with a more readily
acceptable surgical procedure while earlier referral to
surgery and milder clinical manifestations have been
shown to allow higher remission rates.

The most accurate measure of the effectiveness
of thymectomy in the treatment of MG patients is life
table analysis of complete stable remission rates,
which has been rarely employed (Table 14.2). In
view of the unsettled issue of the pathogenic role of
residual thymic tissue after less than “maximal”
thymectomy [26], we concur with Shrager and asso-
ciates [49] in believing that transcervical thymecto-
my continues to represent “‘a reasonable choice in the
surgical management of MG”.

Conclusions

No thymectomy technique appears to achieve un-
ambiguously better results over the other.

Table 14.1 Operative results following thymectomy in MG patients (modified from de Perrot et al.[31])

Surgical approach Authors [Ref] Year Number Morbidity Mortality Mean
of publication of patients (%) (%) LoS (days)
Maximal transcervical/ Jaretzki et al. [35] 1988 72 7 - N/A
transsternal Ashour et al. [36] 1995 48 20.8 - N/A
Bulkley et al.[37] 1997 202 t 33 - N/A
Transsternal (standard Masaoka et al. [38] 1996 375 N/A - N/A
or extended) Detterbeck et al. [39] 1996 100 17 - 6.3
Budde et al.[40] 2001 113 14 0.9 9.3
Stern et al.[41] 2001 58 259 - N/A
Zielinski et al.[42] 2004 118 11.9 - N/A
Huang et al.[43] 2005 168 16.6 - N/A
Kattach et al.[44] 2006 85 9 - 8
Park et al. [45] 2006 147 2.7 - N/A
Kim et al. [46] 2007 64 6.2 - N/A
Transcervical DeFilippi et al.[47] 1994 53 2 - 3
(extended) Calhoun et al. [48] 1999 100 8 - 1.2
de Perrot et al.[31] 2003 120 33 - 1.9-39%
Shrager et al. [49] 2006 151 7.3 - 1.1
Mean LoS, mean postoperative length of stay; N/A, not available
T Includes 75 extended transsternal thymectomies and 127 maximal transcervical/transsternal thymectomies
¥ Includes 116 patients with an uncomplicated course; 1.9 days after transcervical thymectomy; 3.9 days after conversion to
an upper sternotomy
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Table 14.2 Complete remission rates following thymectomy in MG patients (modified from de Perrot et al.[31])

Surgical approach Authors [Ref] Year Number Mean Complete remission
of publication of patients FU (years) Crude (%) Life table
Maximal transcervical Jaretzki et al. [35] 1988 72 34 46 81%
/transsternal (at 7.5 years)
Ashour et al.[36] 1995 48 1.7 35 N/A
Busch et al.[50] 1996 65 7.7 19 N/A
Bulkley et al.[37] 1997 192 5.0 40 N/A
Klein et al. [51] 1999 51 5.0 40 N/A
Transsternal (standard Detterbeck et al. [39] 1996 99 53 47 N/A
or extended) Budde et al. [40] 2001 92 43 21 N/A
Stern et al.[41] 2001 53 6.8 53 N/A
Zielinski et al. [42] 2004 118 6.0 21.7-46.5% N/A
Huang et al.[43] 2005 154 8.2 57.8 N/A
Kattach et al.[44] 2006 85 45 17 N/A
Park et al. [45] 2006 147 7.5 29.2t 373
(at 10 years)*
Kim et al. [46] 2007 60 4.8 384 N/A
Transcervical Durelli et al. [32] 1991 400 =5.0 N/A  30% (at 5 years)
(Extended) DeFilippi et al.[47] 1994 53 =5.0 43 N/A
Calhoun et al.[48] 1999 78 5.0 35 N/A
de Perrot et al.[31] 2003 100 43 41 91% (at 10 years)
Shrager et al. [49] 2006 151 44 28.8 35% (at 6 years)
Mean FU, mean follow-up; N/A, not available
* 21.7% after standard transsternal thymectomy; 46.5% after extended transsternal thymectomy
1 37.7% nonthymomatous MG; 12.2% thymomatous MG
¥ 45.2% nonthymomatous MG; 27.7% thymomatous MG
# 42% nonthymomatous MG; 33% thymomatous MG

The difference in complete remission rates bet-
ween limited and aggressive resections has to be bal-
anced against the immediate risks and the long-term
consequences of the surgical procedure.

By using the specially designed retraction-sus-
pension device (Fig. 14.1), we can obtain optimal ex-
posure of the mediastinal portion of the thymus.
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CHAPTER

Alfredo Mussi, Marco Lucchi

Introduction

It is now well known and accepted that the thymus
plays a central role in the pathogenesis of autoim-
mune nonthymomatous and thymomatous myas-
thenia gravis (MG) [1-5]. While in case of a thy-
moma oncological reasons make surgery mandato-
ry and the sternotomy route is the golden standard,
on the other hand the presence of a radiologically
“normal” thymus makes the choices of the thymec-
tomy and of its surgical approach more controver-
sial [6-12]. From retrospective studies it is quite ev-
ident that all thymectomies are not equal both in ex-
tent of thymic tissue removed and in neurological
results [5]. Briefly it can be stated that the more
complete the thymectomy the better the results [5];
on the contrary, it is sufficient to leave behind 2 g
of residual thymus to reduce the therapeutic value
of the thymectomy and produce a lower remission
rate [13].

Surgical-anatomic studies proved that thymic
tissue can be found out of the thymic lobes both in
the neck and mediastinum [13, 14]. It is intuitive that
different surgical techniques have advantages and
disadvantages in removing all the fat present in the
inferior mediastinum or in the neck [5]. The Myas-
thenia Gravis Foundation of America classified the
resectional techniques from T-1a to T-4 (Table 15.1)
in order to provide a correct nomenclature able to

Table 15.1 The MGFA Thymectomy Classification

T-1 Transcervical thymectomy
(a) Basic
(b) Extended

T-2 Videoscopic thymectomy
(a) Classic VATS
(b) VATET

T-3 Transsternal thymectomy
(a) Standard
(b) Extended

T-4 Transcervical & transsternal thymectomy

Conventional Techniques:
{ lo) Median Sternotomy

clarify the resectional technique adopted in differ-
ent centers [15]. Sternotomy was first described by
Milton in 1897 and a standard transsternal thymec-
tomy was used by the pioneers Blalock and Keynes
[16,17].

A standard transsternal thymectomy (T-3a) is
limited to the removal of the entire thymic gland but
not the mediastinal and cervical fat. The finding of
residual thymus in the neck and mediastinum at re-
operation suggested that this is an incomplete resec-
tion and, as a matter of fact, it was abandoned by
most MG centers.

The extended transsternal thymectomy (T-3b),
also called “aggressive transsternal thymectomy”
and “ transsternal radical thymectomy”, consists of
the en-bloc resection of all the fat and thymic tis-
sue resectable in the neck and mediastinum, from
the inferior part of the thyroid lobes to the di-
aphragm, from phrenic to phrenic nerve [6, 18]. Re-
moving neck tissue without a neck dissection and
from below, this technique can leave some thymic
tissue in the neck. It is less radical than a transcer-
vical and transsternal thymectomy (T-4) [5, 7], but
because of a lower invasiveness and morbidity has
been used and appreciated by most surgeons in the
MG centers.

Technique

The patient is in a supine position with the arms se-
cured at the patient’s sides. An oro-tracheal intuba-
tion is sufficient in all thymectomies and a selective
bronchial intubation should be reserved only in case
of invasive thymomas.

The skin incision is median and vertical, starting
just below the sternal notch and extending at the tip
of the xyphoid process. The skin incision may be re-
duced for cosmetic reasons at the preference of the
surgeon.

The pectoral fascia is divided and the perios-
teum is scored with the electrocautery. At the jugu-
lum the interclavicular ligament must be divided



158  A.Mussi, M. Lucchi

and, before dividing the sternum with the saw, the
anesthetist should stop ventilation to avoid damage
to the lung.

The sternum may be divided by using either an
electric or air-powered saw. This vertical and strict-
ly median osteotomy may be performed either from
above downwards (our preference), or from below
upwards. Once the sternum is split, periosteal bleed-
ing should be controlled with cautery. Bone wax can
be avoided for a thymectomy because anticoagula-
tion is not necessary during the procedure and bleed-
ing will stop with the closure of the sternum.

A small retractor (Finochietto-like or others) will
allow the progressive opening of the sternum. Usu-
ally a mild retraction will be sufficient to perform an
extended thymectomy in a comfortable way.

The resection starts from the fat of the inferior me-
diastinum. The anterior mediastinal fat is removed be-
ginning from the diaphragm going upward. Then, the
gland with the fat is elevated toward the brachio-
cephalic trunk, and the draining veins and the thymic

branches of internal mammary artery are ligated. Fi-
nally, the cervical horns of each lobe and all the fat
tissue around are resected by a blunt dissection. Sur-
geons generally try to avoid opening the mediastinal
pleura; however, it can happen. Some surgeons [8]
open the mediastinal pleura to recognize the phrenic
nerves and remove all the fat without injuring them.

At the end of the procedure one mediastinal
drainage (24 F or less) is placed through incision at
the epigastrium; mediastinal pleura can be closed,
and rarely the pleural spaces must be drained. Ster-
notomy closure can be performed by means of stain-
less steel wires or, better, by means of absorbable
polyglycolic acid sutures. A subcuticular suture is
used for skin closure.

Conclusions

Even though thymectomy has been used in the man-
agement of nonthymomatous autoimmune myasthe-

Fig.15.1a-d a Skin sparing incision for a vertical median sternotomy. b Operative view. ¢ Sternotomy closure by means
of absorbable sutures.d The surgical specimen
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nia gravis in the last decades, there is no randomized
controlled trial confirming its role [4, 5]. However,
large retrospective studies prompted most neurolo-
gists to believe that the procedure is part of the mul-
timodality treatment of the disease [4]. Furthermore,
also surgeons have debated about the entity of the
thymectomy and which route is to be preferred,
without being able to draw any definitive statement.
As concerns the neurological results, life table analy-
sis, using the Kaplan-Meier method, should be used
for the analysis of complete remissions following
thymectomy [5]. Unfortunately, uncorrected crude
data analysis for comparative analysis of thymecto-
my results has been commonly used and the conclu-
sions of such studies should not be accepted. Selec-
tion bias of patients who are candidates for thymec-
tomy and the absence of standardized methods for
assessing patient status made the different tech-
niques of thymectomy not comparable. Only when
all the MG centers follow the MGFA recommenda-
tions [15] will comparison among institutional ex-
periences be possible.

The skin scar of a vertical median sternotomy is
a major concern to some patients, especially young
women. Various skin incisions have been proposed
for a thymectomy through a median sternotomy. The
transverse submammary skin incision [18] and small
median skin incisions (7-8 cm) (Fig. 15.1) [19] ap-
pear to offer the best cosmetic advantages despite the
potential complications originating from a large skin
flap. Exposure can be obtained by means of retrac-
tors and instruments and technology used for mini-
invasive surgery.

Up to now every VATS [10] or robotic technique
[20] should be considered in the investigative
phase. These techniques are feasible and safe but we
must wait for a longer follow-up before discussing
the goal of a thymectomy, which is the MG com-
plete remission rate. The only exception can be for
the VATET technique, which seems to reproduce
the maximal thymectomy through a cervicotomy
plus a bilateral VATS approach instead of a cervi-
costernotomy, and whose results were recently pub-
lished [21].

As thoracic surgeons, therefore, we must do our
best to perform the least invasive operation possible,
with attention to cosmetic appearance, while re-
specting criteria for a radical resection.

With regard to completeness of surgery, our opin-
ion is that every surgeon should use the approach
with which he feels most comfortable, but we believe
that radical “extended” thymectomy is actually nec-
essary and it can better be performed through a me-
dian sternotomy.
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Introduction

Thymomas are the most frequent neoplasms of the
anterior mediastinal compartment, accounting for ap-
proximately 20% of all mediastinal tumors in adults.
They are, however, a rare neoplasm, with an inci-
dence of approximately 0.15 cases in 100,000 habi-
tants per year in the USA [1]. Thymomas are neo-
plasms of epithelial origin which, despite being con-
sidered tumors with an often indolent growth pattern,
have a well-documented capability to invade adjacent
structures and develop metastases in the pleura as well
as, though more rarely, distant metastases. Although
several histological classifications have been pro-
posed over the last few years, today there is a wide
consensus on the use of the classification proposed by
the World Health Organization (WHO) in 1999, as re-
viewed and confirmed in 2003, which breaks down
thymic neoplasms into 6 groups based on the presence
of cellular atypias and based on the relationship be-
tween epithelial and lymphatic cells (Table 16.1) [2].
By now, a unanimous consensus has been reached on
the staging system proposed by Masaoka in 1981 and
reviewed in 1994 (Table 16.2) [3], which classifies
neoplasms based on the presence or absence of a
macroscopic or microscopic invasion of the capsule,
of adjacent structures, and the presence of metastases.
A significant correlation was recently demonstrated
between the current histopathological classification
and the staging system: the majority of sub-types A

Table 16.1 Histological classification of epithelial neo-
plasms of the thymus (World Health Organization 2003)

WHO Type Traditional nomenclature

Type A Medullary, spindle-shaped cells

Type AB Mixed

Type B1 Organoid, predominately cortical, lym-
phocyte predominant

Type B2 Cortical

Type B3 Well-differentiated thymic carcinoma,
epithelial predominant

Type C Thymic carcinoma

Conventional Techniques:
{ <Y Transthoracic Approach

Table 16.2 Staging of epithelial neoplasms of the thymus [3]

Masaoka stage Diagnostic criteria

I Macroscopically and microscopically
capsulated

Il (A) Microscopic invasion of the cap-
sule; (B) macroscopic invasion of the
surrounding adipose tissue or adher-
ent to but not infiltrating the medi-
astinal pleura and the pericardium

1l Macroscopic invasion of adjacent or-
gans. (A) Without invasion of large ves-
sels; (B) with invasion of large vessels

v (A) Pleural or pericardial metastases; (B)
hematogenous or lymphatic metastases

and AB are stages I and II and there is a trend towards
an increase in the percentage of III and IV in types
B1, B2, and B3 [4]. C forms are almost exclusively
stage III and IV [4]. Quite peculiar and of funda-
mental importance for the purposes of diagnosis and
therapy is the possible association with several au-
toimmune diseases in 28% of patients with thymoma.
Amongst these, myasthenia gravis (MG) is the most
frequent one, accounting for 30-60% of patients with
thymoma, while only 10-15% of patients with MG
can develop a thymic neoplasm [5]. Generally, thy-
momas accompanied by MG are at an earlier stage
compared to those unrelated to MG and most fre-
quently they are WHO type B [4]. Erythroid aplasia,
systemic lupus erythematosus and hypogammaglob-
ulinemia occur more rarely.

Surgical Indications

The treatment of thymomas depends on the stage of
disease and the copresence of accompanying autoim-
mune diseases, in particular MG. Each patient with
MG, erythroid aplasia, or hypogammaglobulinemia
should receive contrast enhancement chest CT scan so
as to exclude the presence of an asymptomatic mass
in the mediastinum. All of the patients with a medi-
astinal mass should instead receive a neurological as-
sessment so as to exclude the presence of latent MG.
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Surgical exeresis is the treatment recommended
for stage I and II thymomas. Clinically operable
masses in the anterior mediastinum do not require
preoperative histological diagnosis and are an indi-
cation for surgical exeresis. While surgery is suffi-
cient for capsulated (stage I) forms, starting from
stage II the proportion of local recurrences follow-
ing radical exeresis increases significantly. Despite
the lack of evidence in prospective randomized stud-
ies, many authors believe that adjuvant radiotherapy
is indicated for stage II [6, 7].

The approach to locally-advanced (stage III) thy-
momas or thymomas with isolated metastasis involv-
ing the parietal pleura alone (stage IVa) has changed
significantly over the last few years in that several au-
thors have reported good outcomes using an integrat-
ed therapeutic approach where surgical exeresis is on-
ly considered after chemotherapy or as part of proto-
cols combining neoadjuvant chemotherapy and
postoperative radiotherapy [8-10]. Where CT scan re-
veals infiltration of a mediastinal mass, it is preferable
to do a minimally-invasive biopsy and delay the sur-
gical exeresis until after neoadjuvant chemotherapy.

The table enclosed shows, as an algorithm, the
role of surgical treatment in relation to the stage of
disease (Fig. 16.1).

Transthoracic Approach: Indications and
Surgical Technique

Median sternotomy is the ideal surgical approach for
the majority of thymic neoplasms, in particular those

accompanied by MG, in that it gives an excellent
view of most thymomas and allows to perform radi-
cal thymectomy with removal of the mediastinal adi-
pose tissue. The various types of thoracotomy are in-
dicated in selected cases of large thymic neoplasms
involving one hemithorax, in the rare cases of thy-
moma developing in the anterior cardiophrenic recess
(Fig. 16.2), or in the cases of thymoma with focal
pleural metastases in respect of which exeresis is opt-
ed for. Only thymomas not accompanied by MG are
an indication for the thoracotomic approach. Indeed,
the main limitation of this approach is the difficulty
in performing radical thymectomy and hence where
it is not possible to remove the thymic tissue in its en-
tirety, several authors opt for thoracotomy combined
with one-stage sternotomy (hemi-clamshell) or with
delayed sternotomy [11]. With large mediastinal neo-
plasms involving both hemithoraces, Patterson and
coworkers proposed to perform anterior bilateral tho-
racotomy in the fourth space with transverse incision
of the sternum (“clamshell” incision) [12]. Thus,
many surgeons continue to prefer posterolateral tho-
racotomy in that it ensures an excellent surgical field.
In our experience, muscle-sparing lateral thoracoto-
my does, however, allow to approach most thymic
neoplasms requiring a thoracotomic approach.
Irrespective of the stage of disease, the objective
of the surgical treatment of a thymic neoplasm must
be the oncologically radical removal of the neoplasm
(i.e., microscopically negative resection margins)
[13]. For capsulated forms, complete removal of the
neoplasm is sufficient, providing, however, that the
entire capsule be removed, considering that in a small

Anterior
Mediastinal
tumor
Resectable?
Yes =
Surgical Resection Minkmally i"‘;“i"
1 v 1 1 1
| Stage IlIA - IVA
Stage | HageX ‘ Stage IVB
- Neoadjuvant Ch.
Follow up E:;:v ant Hf:r Surgical resection Chemotherapy |
Completion RT /| Fig. 16.1 Algorithm of deci-
— R sion-making in the treatment
of neoplasms of the thymus
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percentage of capsulated neoplasms the capsule is
microscopically invaded [14]. For resectable infil-
trating forms, removal of the neoplasm must always
be combined with the removal, possibly en bloc, of
infiltrated structures.

Also in the absence of MG, many authors agree
to combine the removal of thymoma with thymecto-
my [13]. Besides the possible neoplastic recurrence
in the thymic residue, if any, there have been reports
of onset of MG immediately postoperatively or lat-
er in time after surgery for thymoma [15]. In our ex-
perience we have not found any occurrence of MG
after the thoracotomic exeresis of thymomas.

From a technical point of view, the first stage con-
sists of assessing the extension of the lesion and its

Fig.16.2a-f 18-year-old pa-
tient with multilobulated
cystic neoplasm starting
from the anterior medi-
astinum and extending to
involve the right pericardi-
um-phrenic recess (a, b),
with cleavage plane versus
the vascular structures of
the mediastinum (c). Radi-
cal removal of the cystic
neoplasm via lateral thora-
cotomy (d, e). Histological
findings confirm the pres-
ence of a 15-cm giant cys-
tic thymoma Type AB WHO
2004 without capsular in-
vasion (Masaoka Stage |) (f)

relationships with adjacent structures, which, if re-
movable, must be removed en bloc with the neo-
plasm. Furthermore, the visceral and parietal pleur-
al surfaces must be explored to identify any metasta-
tic areas. It has been proven that thymic neoplasms
tend to develop focal metastases in the parietal pleu-
ra (droplet metastases), most frequently in the pos-
terobasal pleura and in the diaphragm, at times un-
revealed at preoperative CT scan. The larger the neo-
plastic component projecting into the pleural cavity
or adhering to the mediastinal pleura, the more fre-
quent this metastatization pattern is.

Infiltration of resectable structures such as the
pericardium and the mediastinal and pulmonary pleu-
ra is no contraindication for surgical exeresis as long
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as the structures involved are radically removed with
the thymic neoplasm. Lobectomies and wedge re-
sections are classified in relation to the extent of lung
involvement. Likewise, the presence of isolated
pleural metastases is no contraindication for surgical
treatment. These foci of neoplastic tissue must be
radically removed via localized extrapleural resec-
tion. In case of widespread pleural metastatization or
of lung involvement requiring pneumonectomy, the
role of surgical exeresis is still a matter of debate.
Wright and coworkers recently reported a S-year sur-
vival rate of 75% after pleuropneumonectomy for
stage IVa thymoma with multiple pleural metastases
[16]. Monolateral infiltration of the phrenic nerve is
a relative contraindication for surgical exeresis. The
phrenic nerve can be sacrificed as long as the patient
has a good respiratory reserve. Symptomatic post-
surgical diaphragm relaxation requires plastic
surgery of the hemidiaphragm via placation at a lat-
er stage. In patients with reduced respiratory reserve
and those with MG, resection — including monolat-
eral resection — of the phrenic nerve is not indicated.
Bilateral infiltration of both phrenic nerves, infiltra-
tion of the aorta, of the pulmonary artery, of the re-
current nerve and of the trachea are an absolute con-
traindication for surgical exeresis. Partial infiltration
of the wall of the superior vena cava and/or of one

of the two brachiocephalic veins is no contraindica-
tion for the exeresis. As illustrated in Chap. 18, en
bloc resection of the thymoma and of the vessel in-
volved followed by prosthetic reconstruction or mere
vascular suture in cases of tangential involvement,
has led, in select cases, to satisfactory outcomes. The
radicality of the surgical approach to large thymomas
should, however, warrant utmost care in that recent
evidence seems to confirm a higher rate of local re-
currences after the resection of masses over 8 cm in
diameter [17].

Unfortunately, imaging diagnostics (CT scan,
MRI) cannot be relied upon in all cases to charac-
terize the invasiveness of a lesion, most especially as
regards invasion of the mediastinal pleura (Fig.
16.3), of the adjacent lung and of vascular structures:
hence, resectability can only be evaluated intraoper-
atively. In these cases, the path to be taken remains
a matter of debate. The role of debulking is contro-
versial [18-19] and recent phase II studies have
demonstrated a benefit in terms of survival after
chemotherapy and radiotherapy alone in nonre-
sectable locally advanced disease [20]. Despite the
lack of guidelines in this respect, in case of nonre-
sectable disease we believe it is useful to perform a
debulking procedure, providing residual disease does
not exceed 10% and is bounded by metal clips in

Fig.16.3a-d a,cNeoplasm
of the anterior medi-
astinum with clear margins
and adipose plane be-
tween the lesion and me-
diastinal vascular struc-
tures. Histological findings
of the specimen show a
capsulated thymoma (Ma-
saoka Stage I). b, d Neo-
plasm of the anterior me-
diastinum with regular
margins extending to the
left hemithorax with a
broad area of contact at
the level of the mediastinal
pleura. Histological find-
ings of the specimen show
an invasive thymoma at
the level of the capsule and
of the mediastinal adipose
tissue (Masaoka Stage )
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view of subsequent radiotherapy. Diagnostic biopsy
followed by surgical assessment after induction ther-
apy should instead be done, we believe, where de-
bulking is not an option.

Outcomes of Surgical Treatment

The mortality rate following exeresis of a thymoma
not accompanied by MG ranges between 3% and 7%,
depending on case histories [21-31]. In locally-ad-
vanced disease, the mortality rate is significantly
higher compared to initial stages. Adequate preoper-
ative preparation of patients with MG, using plasma-
pheresis and gammaglobuline infusion, has reduced
the proportion of postoperative myasthenic crises and
in the latest case reports the postoperative mortality
rate of patients with MG does not significantly dif-
fer from non-MG patients. Accompanying MG has
long been seen as an adverse prognostic factor for
long-term survival. Recent experiences have instead
proven that accompanying MG has no significant im-
pact on long-term prognosis, possibly due to the gen-
erally earlier stage of thymic neoplasms with ac-
companying MG [17, 32].

Although a range of clinical and pathological
characteristics are analyzed, the two main prog-
nostic factors for thymic neoplasms are stage and
resection type. It has by now been broadly demon-
strated that the Masaoka classification is an ade-
quate staging system with a good prognostic strat-
ification between stages (Table 16.3) Capsulated
neoplasms (stage I) show excellent long-term sur-
vival rates, close to 100%, after radical exeresis. In-
vasion of the capsule or of adjacent structures

Table 16.3 Outcomes of surgical treatment of thymomas

(stages II and III) increases the percentage of re-
currences after radical surgery by 5% and 25%, re-
spectively [29].

In practice, all surgical case reports in literature
show better survival rates after complete resection.
The broader surgical case histories currently avail-
able [29], demonstrate that debulking is better than
surgical biopsy alone. As mentioned earlier, we be-
lieve that debulking should only be performed in se-
lected cases of locally-advanced disease found to be
nonresectable intraoperatively.

Over the last few years, several studies have in-
vestigated the prognostic impact of the WHO histo-
logical classification. Some authors have demon-
strated that types A and AB have a better prognoses
than B and that the latter is significantly better than
C. Others have highlighted that the prognosis for B3
is in between that of C and other, less aggressive
forms. A recent review [4] of all the main studies on
this topic concluded that the WHO classification ap-
pears to only be effective in distinguishing type C
from less aggressive ones, while doubts still remain
as to the prognostic stratification within the other
subtypes (A, AB, B1, B2 e B3)

Conclusions

Within the framework of exeresis of thymic neo-
plasms, the thoracotomic approach should be re-
served for selected cases of thymic neoplasm exten-
sively involving one hemithorax and lying in the
pericardium-phrenic angle and for operable focal
pleural metastases. Where radical thymectomy with
removal of mediastinal adipose tissue is not an op-

Overall survival at 5-10 yrs (%)

Author N° pts. Thoracotomies (%) R+ (%) Masaoka stage

| 1l ] 1\
Chalabreisse 2002 [22] 20 NA 33 NA NA NA NA
Okumura 2002 [23] 311 NA 6 89’ 91’ 20’ o
Nakagawa 2003 [24] 130 NA 5 100-100 100-100 81-76 47-47
Sperling 2003 [25] 65 21 35 88-80 71-71 61-45 48-16
Strobel 2004 [26] 545 NA NA 100 90 75 47
Park 2004 [27] 150 NA 13 100 88 63 22
Rea 2004 [28] 132 42 18 93-84 93-82 60-51 36-0
Kondo 2005 [29] 1320 NA 8 100 98 88 70
Kim 2005 [30] 108 NA 18 100-95 91-81 74-46 NA
Rena 2005 [31] 197 NA 16 100 100 85 NA
Wright 2005 [17] 179 NA 1 0* 5% 70% 25%
NA, not available; *, recurrence rate;’, survival at 20 years
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tion, the thoracotomic approach can be combined
with sternotomy in a one-stage procedure (hemi-
clamshell) or with delayed sternotomy.
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Introduction

Blalock’s initial experience in the early 1940s and
subsequently published series of surgically treated
patients led to the widespread acceptance of thymec-
tomy in the treatment of MG despite the absence of
a prospective randomized trial comparing surgery
with medical treatment alone [1]. Controversies re-
main, however, with regard to the timing and extent
of surgery to be performed.

The transcervical approach was first described in
the late 19th century for thymic enlargement in chil-
dren and consisted in an enucleation of the thymus
from within its capsule. Although initially reported
in an adult patient with MG by Sauerbruch in 1912,
the transcervical approach was modified to com-
pletely remove the thymus with its capsule and rein-
troduced in the 1960s for patients with MG. Through
this approach, Kark and his colleagues reported few-
er postoperative complications when compared to the
transsternal approach [2]. Consequently, their pa-
tients were operated on earlier in the course of the
disease and were shown to have more rapid rate of
improvement.

In order to improve exposure and to facilitate re-
moval of the thymic gland and extracapsular thymic
tissue through the neck, Cooper and colleagues de-
scribed the use of a special right-angle manubrial re-
tractor to elevate the sternum (Cooper retractor,
Pilling Company, Fort Washington, PA) [3]. Using
the same retractor, we observed that the routine use
of a videothoracoscope introduced through the cer-
vicotomy further improves visualization of the me-
diastinum and permits teaching of the technique un-
der direct supervision [4]. Currently, the combina-
tion of early surgical referral, optimization of
medical status when necessary by plasmapheresis,
video-assisted transcervical thymectomy, and care-
ful perioperative management have led to optimized
care for patients with myasthenia gravis in our in-
stitution.

i Open Videoassisted Techniques:
Transcervical Approach

Preoperative Care

All patients with a diagnosis of MG are referred to
surgery unless they are over 50 years of age and/or
experience only ocular symptomatology, in which
case the decision to proceed with surgery is decided
on a case-by-case basis.

All patients have computed tomography (CT) scan
of the thorax before surgery in order to exclude a thy-
moma. If a thymoma is detected a transsternal ap-
proach is always chosen. Relative contraindications to
a transcervical approach include prior cervico-medi-
astinal surgery and/or radiation, and cervical spine
pathology limiting extension of the neck. Age, gender,
obesity, and exposure to steroids were not considered
contraindications to the transcervical approach.

Patients undergoing thymectomy should have
their medical condition optimized prior to surgery
with anticholinesterase medications along with the
use of plasmapheresis in selected cases. Corticos-
teroids are generally avoided preoperatively in order
to minimize the perioperative complications associ-
ated with steroid use.

There is no role for urgent thymectomy in patients
with myasthenic crisis as immediate clinical im-
provement postoperatively should not be expected.
Rather, a period of 3-12 months is most often ob-
served before clinical improvement can be seen fol-
lowing thymectomy. Furthermore, surgery in the
setting of myasthenic crisis predisposes the patient
to a significantly increased risk of postoperative res-
piratory failure.

Perioperative Management

Anesthetic assessment is performed at an ambulatory
preadmission clinic visit. Patients are admitted on the
day of surgery. They either take their morning dose of
pyridostigmine as usually scheduled or take it imme-
diately prior to surgery. If surgery is delayed or sched-
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uled for the afternoon, another dose of pyridostigmine
is given before surgery. No other premedication is ad-
ministered. Anesthesia is induced with propofol and
fentanyl, and is maintained with isoflurane and nitrous
oxide. Propofol is used in addition to inhaled anes-
thetics for maintenance of anesthesia in many patients.
In general, for transcervical thymectomy, no muscle
relaxants are required. A short acting agent such as
atracurium or rocuronium is used at reduced doses in
less than 20% of cases in our experience. Patients are
routinely extubated at the end of surgery in the oper-
ating room or occasionally in the recovery room.

Video-assisted Transcervical Approach

Surgery is performed in the supine position. Pa-
tients are intubated with a single lumen endotra-
cheal tube. The neck is extended and an inflatable
pillow is placed beneath the patient transversely, at
the level of the scapulae, to permit further hyper-
extension of the neck. The neck and full chest are
prepped in case a sternotomy is required. A curvi-
linear incision is made in the skin at the base of the
neck, one finger breadth above the sternal notch,
and extended on each side to the medial border of
the sternocleidomastoid muscle (Fig. 17.1). The in-
cision is extended through the platysma muscle and
flaps are developed superiorly to the level of the in-
ferior aspect of the thyroid cartilage and inferior-
ly to the sternal notch. The interclavicular ligament
is divided. The strap muscles are then split verti-

Fig. 17.1 The patient is in supine position and intubated
with a single lumen tube. A small curvilinear incision is made
at the base of the neck, one finger breadth above the ster-
nal notch, extending to the medial border of the stern-
ocleidomastoid muscle

cally in the midline and elevated bilaterally in or-
der to expose the superior poles of the thymus
gland, which lie opposed to the posterior surface of
the sternothyroid muscles. It is imperative that this
be done using careful sharp dissection with metic-
ulous attention to control small blood vessels with
electrocautery. A bloodless field makes it signifi-
cantly easier to delineate the upper poles of the thy-
mus gland from fatty tissue in the neck. Each su-
perior pole of the gland is mobilized near the infe-
rior thyroid vein. The upper pole is divided
between ties at the point where the thymic tissue
terminates. A heavy silk suture, cut long, is placed
on each upper pole and used as a “traction” suture
to facilitate retraction of the gland. The thymus
gland is then followed inferiorly to the thoracic in-
let using a combination of blunt and sharp dissec-
tion. The retrosternal space is cleared with blunt
finger dissection. This dissection is immediately
substernal and extends at least 5-8 ¢cm to accom-
modate the placement of the Cooper retractor with-
out tension on the thymus gland. If the dissection
is not deep enough, the thymus will be pulled into
the mediastinum by the retractor as it is inserted.
The Upper Hand retractor (Poly-Tract, Pilling
Company, Fort Washington, PA) is then set up
with the Cooper Thymectomy retractor blade
(Pilling Company), which is then placed beneath
the sternum to elevate it and open the thoracic in-
let (Fig. 17.2). The inflatable pillow that was
placed at the start of the procedure is deflated at
this point to further improve the thoracic inlet ex-
posure. Care is taken to make sure that the patient’s

Fig.17.2 The Upper Hand retractor (Poly-Tract, Pilling Com-
pany, Fort Washington, PA) is set up on each side of the pa-
tient and the Cooper Thymectomy retractor blade (Pilling
Company) is then placed beneath the sternum to elevate it
and open the thoracic inlet. The inflatable pillow is deflated
at this point to further improve the thoracic inlet exposure
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head is not elevated off the operating table pillow
by the sternal retraction.

The 5-mm 30° videothoracoscope is then placed
at the right lateral aspect of the neck incision to pro-
vide light for direct operating and a video magnified
view of the operating field on a monitor for the sur-
geon and assistants (Fig. 17.3). Pressure is main-
tained laterally with the thoracoscope in order to
keep the telescope out of the line of sight of the op-
erating surgeon as much as possible. The dissection
of the gland is carried down into the thorax using
primarily blunt dissection. The thymic veins drain-
ing into the innominate vein are identified posteri-
orly and divided between stainless steel clips. Two
clips are placed on the innominate vein side. The ar-
terial vessels entering the gland laterally from the in-
ternal mammary arteries are also clipped with stain-
less steel clips. The ventilatory tidal volume and rate
are frequently reduced in order to facilitate exposure
in the mediastinum. The dissection is carried down
along the pleura to the inferior poles of the gland al-
ternatively on both sides. A dissecting “peanut” on
a curved Swedish-Debakey dissector is used to
sweep each inferior pole up. The dissector is placed

e |
Fig.17.3 The 5-mm 30° videothoracoscope is then placed
at the right lateral aspect of the neck incision to provide
light for direct operating and a video magnified view of the
operating field on a monitor for the surgeon and assistants.
The assistance of the videothoracoscope routinely provides
good visualization of the lower mediastinum down to the
diaphragm if necessary

on the pericardium, distal to the inferior pole of the
thymus gland, and in a sweeping motion the gland
is extracted from the inferior mediastinum. After this
maneuver, the “socket” in which the inferior pole of
the gland resided is clearly visible, as is the under-
lying pericardium. This technique can be done un-
der direct vision with the light of the thoracoscope
as an aid; or surgeons comfortable with thoraco-
scopic operating can operate using the thoracoscop-
ic images on the monitor to perform the operation.
The assistance of the videothoracoscope routinely
provides good visualization of the lower medi-
astinum, down to the diaphragm if necessary. On oc-
casion, when it is impossible to complete the oper-
ation through the transcervical route using direct vi-
sion only, the videothoracoscope can enable
successful completion of a thymectomy without
having to convert to a sternotomy.

Once the gland is excised (Fig. 17.4), if there is
any further mediastinal fatty tissue present that is
suspicious for being thymic tissue, this is excised
or biopsied for frozen section analysis to ensure
that no residual thymic tissue is left behind. A #7
Jackson-Pratt (JP) drain (Zimmer, Dover, OH) is
inserted through a lateral stab wound in the neck,
placed down into the mediastinum, and the
manubrial retractor is removed. The strap muscles
are approximated with a single figure of eight
vicryl suture (Davis & Geck, Danbury, CT) and the
platysma is closed with a running 3-0 vicryl suture.

qraer
= SN
Fig.17.4 Excised thymus with heavy silk sutures placed on

each upper pole and used as“traction” suture to facilitate re-
traction of the gland during dissection of the lower poles
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The skin is closed with a running 4-0 vicryl sub-
cuticular suture. If it is felt that a total thymecto-
my cannot be safely completed through the tran-
scervical route, the operation is converted to a par-
tial upper sternotomy. This is carried out by the
addition of a vertical incision extending down
from the cervical incision to just below the
manubrium. The incision in the sternal bone is then
“J’d” out into the third or fourth intercostal space
with the oscillating saw, to create a partial upper
sternotomy, which provides sufficient exposure to
easily complete the operation.

Postoperative Care

Analgesia is given orally using acetaminophen with
or without codeine. Morphine is rarely required.
Oral pyridostigmine at the patient’s usual dose is
reintroduced 4-6 h after surgery. If patients are on
steroid therapy before surgery, an intravenous dose
is given preoperatively and oral steroids are contin-
ued the next morning. The vast majority of our pa-
tients are ready to be discharged the next day after
removal of the JP drain. Their preoperative medica-
tions are not altered until 1 month after surgery when
they are seen by the surgeon and the neurologist.
Some patients may get transiently worse postopera-
tively and the medication regimen may have to be al-
tered to include prednisone or azathioprine. An oc-
casional patient may deteriorate considerably. These
patients should be expediently treated with plasma-
pheresis to prevent deterioration to the point of re-
quiring ventilatory support.

Comments

In our experience, over 180 patients underwent tran-
scervical thymectomy between January 1991 and

Table 17.1 Results of extended transcervical thymectomy

December 2007. Approximately 70% of patients are
female with an age ranging between 12 and 79 years
(median 35 years). Postoperative complications are
rare and the vast majority of our patients are dis-
charged on the first postoperative day. This experi-
ence is very similar to other groups performing tran-
scervical thymectomy (Table 17.1).

Long-term follow-up after transcervical thymec-
tomy demonstrate excellent results with a cumulative
complete remission rate of up 91% at 10 years after
transcervical thymectomy [4]. Preoperative disease
severity and the need for preoperative immunosup-
pression have been shown to be associated with de-
layed postoperative improvement in myasthenia
gravis symptoms [4, 5].

Conclusions

In conclusion, considerable improvement has been
made since the time when only selected patients with
severe MG unresponsive to medical therapy under-
went thymectomy. Currently, transcervical thymec-
tomy requires hospitalization for less than 24 h in the
vast majority of cases and is associated with very lit-
tle morbidity. Patients therefore tend to be referred
earlier in the course of their disease when they are
in a more stable clinical condition. In the long term,
this approach achieved excellent results comparable
to other surgical techniques.
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Thoracoscopy

Chung-Ping Hsu, Cheng-Yen Chuang

Introduction

For more than 50 years, sternal splitting thymectomy
has been the gold standard ever since Blalock first in-
troduced thymectomy for treatment of myasthenia in
1939 [1]. Jaretzki [2] and Masaoka [3] have demon-
strated varied distribution of ectopic thymic tissues in
the mediastinum and the neck. They both recommend
amore extensive resection of tissue beyond the thymic
gland itself, using a transcervical-transsternal ap-
proach. Minimally invasive thymectomy was intro-
duced by Yim et al. using a right thoracoscopic ap-
proach in the early 1990s [4]. Some concern regard-
ing this minimally invasive approach was raised
mainly due to questioning the limited exposure, lim-
ited working space, and completeness of extended
thymectomy which could endanger the therapeutic re-
sults [2]. Though controversy surrounds the selection
of operation for patients with myasthenia gravis, we
developed a novel technique to perform extended
thymectomy using video-assisted thoracoscopy by a
subxiphoid bilateral approach in early 2001.

Indications

Ideal candidates for our approach include patients

with the following conditions:

— Non-thymomatous myasthenia gravis

— Thymoma less than 2 cm in size in upper half of
thymus or less than 3 cm in size in the lower half
of thymus

— Thymic cysts.

Contraindications

Patients who are not suitable for our approach in-

clude:

— Patients with extensive intrapleural adhesions

— Patients with previous history of median ster-
notomy

i Open Videoassisted Techniques:
{ ko4 Subxiphoid Approach with Bilateral

— Patients with previous history of mediastinal ir-
radiation
— Patients with cardiomegaly.

Patients and Methods
Patient Profiles and Measurements

Between 2001 and 2007, a cohort of 50 patients re-
ceiving thoracoscopic thymectomy using the men-
tioned technique were enrolled in this study (Table
18.1). The patients included 12 males and 38 fe-
males with a mean age of 36.8 years (21-80 years).
The severity of clinical symptoms were MGFA
class I, II, III, and IV in 7, 23, 19, and 1 cases, re-
spectively. The resected thymus weights, thoracic
drainage periods, complications and outcomes
were compared. Follow-up information was ob-
tained by reviewing hospital records or telephone

Table 18.1 Demographic data and surgical results of 50
myasthenic patients receiving thymectomy by subxiphoid
bilateral approach

Sex (male/female) 12/38

Age (years, mean) 21-80 (36.8+14.4)
Body mass index 234

MGFA class (I/11B/IIIA/IIIB/IV) 7/23/7/12/1

Thymic weights (grams, mean)
Overall
Non-thymoma

25-130 (65.8+26.5)
25-130 (61.7£26.2)

Pathology

Thymoma 9 (18%)
Masaoka stage | 5
Masaoka stage Il 4

Non-thymoma 41(82%)
Thymic hyperplasia 30
Normal thymus 3
Involutional change 6
Others 2

80-200 (136.2+25.3)
2-10 (3.6£1.3)

Operation time (minutes, mean)

Thoracic drainage (days, mean)
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contact at intervals of 3 months in the first post-
operative year, and then annually. End result inter-
pretation included complete remission (CR) (no
medication required), improved (taking mestinon
equal to or less than 120 mg/day, but no pred-
nisolone required), stationary (taking mestinon
more than 120 mg/day, or any dose of pred-
nisolone), worse (requiring more medication than
before surgery). The follow-up period was 4-72
months (mean of 21.7 months).

Preference Card

— Thoracoscope with a side arm working channel
(O degree, 5S-mm working channel, 13-in, Karl
Storz, Tuttlingen, Germany) (Fig. 18.1).

— Kent retractor set and its accessories (Takasago
Medical Industry Co., Tokyo, Japan)

— Instruments which can be introduced from the
subxiphoid incision:

— Ring forceps of various lengths
— Long slight tissue forceps
— Long suction catheter (15-in long)

e R

Fig. 18.1a-c Preference card and patient setup. a Thora-
coscope with a side arm working channel, Kent retractor ac-
cessories, and instruments which can be introduced from
the subxiphoid incision such as:long suction catheter, slight
tissue forceps, and ring forceps of various lengths. b Endo-
scopic instruments such as: LigaSure, hook cautery, and
graspers. ¢ After finishing the right-side procedure, the op-
erator stands on the patient’s left side controlling the tho-
racoscope with the assistance of Kent retractor to elevate
the sternum

e ey

— Instruments specific for thoracoscopic use:

— Thoracoscopic trocars (12 mm)

— Endoscopic hook cautery, grasper, clip applier
(5 mm)

— Endoscopic LigaSure LS1500 (5-mm Seal-
er/Divider, Valley Lab, TycoHealthcare LP,
Boulder, CO, USA.)

— Sternal saw and standard thymectomy tray
ready to use.

Patient Setup and Preparation

Under general anesthesia with split lung ventilation, the
patient was put in a supine position with 90° abduction
of bilateral upper extremities (Fig. 18.2). A rolling pad
was put underneath the patient’s shoulders to facilitate
neck extension. Kent retractor set was fixed to the side
bar of the operation table on the patient’s head side. The
basic settings are shown in Fig. 18.2. Except for pa-
tients with MGFA class I myasthenia gravis, 2 to 3
courses of plasmaphoresis were performed before
surgery. Intravenous methylprednisolone (1000 mg in
24 h) was administered in the perioperative period.

Fig. 18.2a-c Under general anesthesia with double lumen
endobronchial tube, the patient was put in supine position
with 90° abduction of both upper extremities.a A 5-cm-long
curved incision was made just below the xiphoid process.
b Pathology revealed involutional change of the thymus.
c Extended resection of the thymus showing both upper
horns and bilateral pericardial fat pads (60 gm in weight)
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Procedure in Details

The majority of the dissection was accomplished by
an endoscopic hook cautery or Ligasure cautery in-
troduced through the thoracoscope (controlled by op-
erator) with the help of long, curved-tip ring forceps
and/or suction catheter introduced from the subx-
iphoid incision (controlled by assistant) for traction
and dissection of the thymic tissues. The surgical pro-
cedure has been revised several times since the ini-
tial experience in 2001 [5-7].

The operation started with a 4- to 6-cm long semi-
curved incision created just above the tip of xiphoid
process (Fig. 18.2a). The anterior rectal sheath was
detached from its insertion to the xiphoid process and
the bilateral lowest rib cartilages. After excision of
the xiphoid process, the retrosternal space was cre-
ated by finger dissection for introduction of the Kent
retractor to lift the sternum, facilitating thoraco-
scopic and instrumental manipulation. Additional
thoracic port sites (1 cm each) were created at the bi-
lateral anterior axillary line in the 5th or 6th inter-
costal space to introduce the thoracoscope. After
thorough evaluation of the pleural cavity, pleural re-
flection at the lowest sternocostal junction was
opened from the subxiphoid incision with guidance
from the thoracoscope. The mediastinal dissection
was started by freeing the fat pad in the pericardio-
phrenic sinus cephalically along the anterior border
of the phrenic nerve. As part of this avascular plan
of dissection, the thymic lobe was also separated
from the underlying ascending aorta. With meticu-
lous dissection, the conjunction of the brachio-
cephalic vein and superior vena cava was identified.
The gland was pulled medially by long, curved-tip
ring forceps introduced from the subxiphoid incision.
Another long suction was introduced from the same
incision to push aside the pleural reflection at the
pleural apex. This maneuver provides ample space
facilitating dissection and delivery of the upper horn
of the thymic gland. The upper horn of the thymic
gland was delivered from the neck using a combi-
nation of blunt dissection and traction. After pulling
down the upper horn, the course of the brachio-
cephalic vein was traced to expose all the thymic
veins. Usually, two to three thymic veins were en-
countered and divided between endoscopic clips or
using cautery.

On the left side, the thoracoscopic port site can
be created at the same level just opposite to the right
side, or can be made one intercostal space higher than
the right side to keep an adequate distance from the
heart border. The entire procedure is similar to that
on the right side. Adequate hemostasis should be ob-

tained either by cautery or metallic clips during de-
livery of the left upper thymic horn so as to prevent
thoracic duct injury.

Finally, the totally freed thymic gland and its ac-
companying mediastinal fatty tissues (Fig. 18.2b)
could be brought out from the subxiphoid incision for
pathological examination (Fig. 18.2c). A 16-Fr pig-
tail catheter was put into each side of the pleural cav-
ity through the thoracoscopic port site and secured
to the chest wall. The rectal sheath was reattached,
and the subxiphoid incision was closed by subcuti-
cle sutures. Postoperative chest film was taken to
make sure no residual pneumothoraces existed (Fig.
18.3). Typically, the pig-tail catheters were removed
on the 3rd to 4th postoperative day, and patients were
discharged on the same day.

Results

The resected thymus showed thymoma in 9 cases,
which included Masaoka class I in 5 and class II in
4. For the remaining 41 non-thymomatous group, the
pathology comprised of thymic hyperplasia in 30,
normal thymus in 3, involutional change in 6, thymic
cystin 1, and thymolipoma in 1. The mean operation
time, weights of resected specimens, and days of
chest tube drainage were 80-200 (136.2+25.3) min,
25-130 (65.8+26.5) grams, and 2-10 (3.6x1.3) days,
respectively (see Table 18.2).

Fig. 18.3 Postoperative chest film shows well-expanded
lung with pig-tail catheter in each side of pleural cavity
through the thoracoscopic port sites



176  C.-P.Hsu, C.-Y.Chuang

Table 18.2 Complications and outcomes of patients re-
ceiving thymectomy by subxiphoid bilateral approach

Complications

Prolonged intubation (>24 h) 3
Intraoperative arrhythmia 2
Chylothorax 1
Brachiocephalic vein injury 1
Outcomes*

Complete remission 19
Improved 28
Stationary 2
* One patient who had been converted to upper partial ster-
notomy was excluded from outcomes analysis

Complications included prolonged tracheal intu-
bation (>24 h) in 3, intraoperative arrhythmia in 2,
chylothorax in 1 and brachiocephalic vein injury in
1. After exclusion of 1 patient who was given an up-
per partial sternotomy due to bleeding, CR, im-
provement and stationary status were observed in 19
(38.8%), 28 (57.1%), and 2 (4.1%) patients, respec-
tively. As shown in Fig. 18 .4, the cumulative CR rate
was 57.2% at 5 years using Kaplan-Meier analysis.

Discussion

Once the gold standard surgical approach, the
transsternal thymectomy has been mercilessly chal-
lenged by lesser traumatic surgical intervention us-

ing thoracoscope. Though the transcervical-transster-
nal approach provides the only possible way to per-
form so-called maximal thymectomy, accumulative
experience has documented equal medium-term re-
sults regardless of different surgical approaches sup-
posing adequate mediastinum adipose tissue has
been resected together with the thymus [8-10]. The
reported CR rates of the recently developed mini-
mally invasive procedures are between 30% and
50%. This may be due to shorter follow-up periods
in the thoracoscopy group. However, studies con-
tributing this relatively lower CR were influenced by
the existence of ectopic thymic tissue in mediastinal
fat [2, 11, 12]. Ozdemira et al. reported that ectopic
mediastinal thymic tissue can be found in 27.8% of
resected specimens. Multivariate analysis revealed
the presence of mediastinal ectopic thymic tissue to
be an independent predictor of poorer outcomes
(odds ratio, 7.75). They concluded that complete re-
moval of the thymic tissue is essential for a favor-
able clinical outcome [13].

Nevertheless, minimally invasive procedures
have gradually replaced the role of transsternal
thymectomy due to their faster recovery. Among
these, the transcervical approach has the benefit of a
smaller incision, but the inadequate exposure of the
more caudal thymic and mediastinal fat tissue.
Video-assisted thoracic surgery (VATS) procedures
through the right side [4] or left side [8] of the chest
wall provides an excellent view of the operative side,
but limited exposure to the contralateral side due to

57.2% at 5-Year

Fig. 18.4 Cumulative CR rates
(57.2% at 5 years) of the patients
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limited degrees of freedom of conventional endo-
scopic instruments which subsequently endangers
complete removal of the contralateral-side mediasti-
nal fat. Using mediastinoscope, Kido et al. first in-
troduced the feasibility of using the retrosternal route
to perform a resection of anterior mediastinal tumors
[14]. Unlike thoracoscopy, this procedure avoids
opening the chest and can be performed in patients
with pleural adhesions or pulmonary insufficiency in
whom split lung ventilation is impossible. Adapting
the same idea, Takeo et al. designed another setup for
sternal lifting from both ends of the sternum; how-
ever, their technique is basically identical to the bi-
lateral thoracoscopic approach [15]. Uchiyama et al.
subsequently reported a larger series using infraster-
nal mediastinoscopy for resection of thymus and an-
terior mediastinal mass [16, 17]. With or without ad-
ditional cervical incision, the whole procedure is ac-
complished exclusively through the working channel
of the mediastinoscope. Because the pleural is not
routinely opened, maximal excision of the mediasti-
nal and pericardial fat becomes questionable.

Using the same idea of sternal lifting, we de-
signed a novel thoracoscopic setup to overcome the
disadvantages of the previously described minimal-
ly invasive procedures for thymectomy [5]. Initial ex-
periences using the subxiphoid incision as the main
working route were abandoned and replaced by bi-
lateral thoracic ports at the 5th or 6th intercostal
space in the anterior axillary line due to interference
between the endoscopic instruments [6, 7]. By
changing position of the thoracoscope (0° thoraco-
scope with side arm working channel, Karl Storz,
Tuttlingen, Germany), and the main working route,
a panoramic view of the operative fields is possible.
Moreover, instrumental manipulations are much eas-
ier. Unlike other methods, our setup provides a
unique advantage of simultaneous bilateral access to
the pleural cavities, which greatly improves the pos-
sibility of extended thymectomy.

As experience accumulates, worldwide reports
have demonstrated video-assisted thoracoscopic ap-
proaches can be used for whatever means feasible
and safe for resection of thymus. However, one ma-
jor concern of these procedures is their efficacy in
treating myasthenia gravis. Though short- and medi-
um-term follow-up results are promising [10, 18-20],
long-term remission rates are inferior to maximal
thymectomy performed by a combined transcervical-
transsternal approach [21, 22]. Riickert et al. com-
pared the results of three different surgical ap-
proaches to carry out thymectomy [10]. They re-
ported that though the thoracoscopic approach
required the longest operation time, postoperative

morbidity rate was the lowest. There were no differ-
ences regarding remission rates; however, they be-
lieve the thoracoscopic group has the best cosmetic
results and the best chance for a further increase of
CR rate due to having the shortest follow-up in this
group.

Worldwide reports concerning different types of
thymectomy for myasthenia indicate that the remis-
sion rate is closely related to the extent of thymec-
tomy [23]. In a long-term follow-up study (154 pa-
tients, mean follow-up duration of 98.9 months)
from one of our branch hospitals, Huang et al. re-
ported that CR was achieved in 57.8%, and marked
clinical improvement in another 30.5% after trans-
sternal thymectomy. Favorable prognosis was ob-
served especially in young patients (<35 years old),
and in patients with short disease interval before
surgery (<24 months) [24]. Except for a longer op-
eration time, another prospective design study from
Taiwan also confirmed the benefits of thoracoscop-
ic thymectomy using a bilateral thoracic approach
[25]. In the current study, we found an overall CR
rate of 38.8%, an overall improvement rate of 57.1%,
or a cumulative CR rate of 57.2% at 5 years. Though
the CR rate was lower than the trans-sternal thymec-
tomy group in our hospital (52.9% CR rates and
32.9% improvement rates in 85 patients, unpub-
lished data), the improvement rate was higher. This
can be attributed to a relatively shorter follow-up
period (mean, 21.7 months) in the thoracoscopic
group of patients.

As with any newly adapted technique, longer op-
eration times are almost inevitable in the learning pe-
riod. As experience grew, however, all operations
performed in the recent 3 years (28 cases) were ac-
complished within 150 min. This is comparable with
traditional transsternal approach regarding opera-
tion time. But, less pain, rapid recovery, shorter
pleural drainage period, shorter hospital stay, and bet-
ter cosmetic satisfaction of the patient were ob-
served when compared with our historical experience
by transsternal thymectomy.

Our approach completely eliminates the possi-
bility of sternal osteomyelitis. Wound healing was
excellent, and invisible after surgery due to its loca-
tion. Three patients in this series required prolonged
tracheal intubation for more than 24 h postopera-
tively. Except for one patient who had respiratory
failure before surgery, the other two were extubated
within 48 h. Intraoperative arrhythmias, including
one bradycardia and one ventricular tachycardia,
were encountered. This was caused by putting too
much pressure on the heart surface by instruments
during tissue dissections. Both of these episodes re-
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covered after releasing heart compression. One pa-
tient developed left-side chylothorax probably due to
injury of the thoracic duct at its junction with sub-
clavian vein. The chylous leak healed spontaneous-
ly 10 days after discontinue of oral intake and total
parenteral nutrition support.

Though concomitant thymoma is not an absolute
contraindication for thoracoscopic thymectomy, our
experience suggests that larger thymomas (larger
than 2 cm in diameter) require a longer operation
time for resection with additional risk of opening the
capsule. The only conversion occurred in one patient
who had a Masoaka stage IIb thymoma. Uncon-
trolled bleeding occurred on separation of the tumor
from its underlying brachiocephalic vein. Immedi-
ate upper partial sternotomy was performed, and the
torn vein was secured. The tumor measured
3x1.5x1.5 cm® in size, and the pathology revealed
a WHO type B2 thymoma. This complication sug-
gests that a thymoma of 2 cm across or larger may
not be a good candidate for thoracoscopic resection,
especially when the tumor is located in the upper
half of the thymus. In addition, a sternal saw and
standard thymectomy tray ready to be used should
be available. Nevertheless, the majority of the thy-
momas were completely removed without addition-
al incisions. None of these patients had tumor re-
currence or metastasis, and two of them have had
CR thus far.

In summary, our experience has demonstrated
minimally invasive procedures using subxiphoid and
bilateral thoracoscopic approaches can safely ac-
complish promising outcomes in myasthenic pa-
tients as with standard transsternal thymectomy.
Moreover, our approach has the advantages of (1)
feasibility of extended thymectomy; (2) direct re-
trieval of the specimen from the subxiphoid wound;
(3) providing excellent cosmesis with a concealed
wound; and (4) less pain, shorter pleural drainage pe-
riod, and subsequently shorter hospital stay.
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Introduction

There is a general agreement that thymectomy has a
beneficial effect on the results of treatment of myas-
thenia, although any prospective randomized studies
have never been performed to compare the results of
operative and conservative treatment of the disease.

There are several techniques of thymectomy
utilizing the transsternal, transcervical, videothora-
coscopic (VTS), subxiphoid, and combined trans-
cervical-VTS approaches [1-10]. The problem of
which technique of thymectomy should be preferred
is still a matter of debate. In this report we present
the technique of transcervical-subxiphoid-VTS
“maximal” thymectomy, developed by the authors
of this study [11, 12].

Surgical Technique

The operative technique of this procedure is as follows:
a patient is positioned supine on the operating table
with a roll placed beneath the thoracic spine to elevate
the chest and to hyperextend the patient’s neck. Under
general anesthesia an endobronchial tube is inserted to
conduct selective lung ventilation during the latter part
of the procedure. To shorten the operative time and to
facilitate performance of the procedure, an operation
may be performed by two teams — one called the “cer-
vical team” working from above and the second one
called “the subxiphoid team” working from below the
sternum with control of the videothoracoscope (VTS).
The position of all four members of both surgical teams
and the scrub nurse is shown on Fig. 19.1. Alterna-

“TRANSCERVICAL “SUBXIPHOID
OPERATOR” “TRANSCERVICAL ASSIST\A:T’
ASSISTANT”

“SUBXIPHOID
OPERATOR”

Fig. 19.1 The position of all four members of both teams
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tively, the whole operation is performed by one surgi-
cal team performing “the cervical” and “the sub-
xiphoid” parts of the operation sequentially.

All operative steps are described without specify-
ing if one or two teams are involved. The cervical part
of the operation: a transverse 5- to 8-cm incision is
made in the neck above the sternal notch. The platys-
ma and superficial cervical fascia are divided; the an-
terior jugular veins are divided and suture-ligated. The
strap muscles are split along their median raphe and re-
tracted laterally. The whole thyroid gland is visualized
and all foci of the adipose tissue are removed down-
wards from the level of the upper poles of the thyroid
gland. The parathyroid glands and both laryngeal re-

current nerves are visualized and carefully preserved
(Figs. 19.2, 19.3). The fatty tissue containing the su-
perior poles of the thymus is separated from the lower
poles of the thyroid gland with 1-4 inferior thyroid veins
ligated and divided (Fig. 19 4). Alternatively, such de-
vices as a harmonic knife, LigaSure, or vascular clips
can be used to secure the vessels throughout the pro-
cedure. The thymus with the surrounding fat is then
separated from the sternohyoid and sternothyroid mus-
cles, the trachea, the internal surface of the sternum, the
carotid arteries, the innominate artery, the aorta, and the
right innominate vein. At this point a sternal retractor
connected to the firm frame with a traction mechanism
is inserted under the manubrium of the sternum to el-

Fig. 19.2 Scheme of transcervi-
cal-subxiphoid-videothoraco-

_THYROIDARTE B ad |
Fig.19.3 Dissection of the right laryngeal recurrent nerve.

Reproduced from [12] with permission from the European
Association of Cardio-thoracic Surgery. Copyright 2005

scopic maximal thymectomy

Lo -ﬁw".
THYMUS

. T : iz
Fig. 19.4 Dissection of the left laryngeal recurrent nerve.
Reproduced from [12] with permission from the European
Association of Cardio-thoracic Surgery. Copyright 2005
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evate it several centimeters to provide access to the an-
terior mediastinum. The lower thyroid veins (1-4) and
the thymic veins (1-4) are dissected, clipped, and di-
vided close to the left innominate vein (Fig. 19.5). The
fatty tissue from the area called “the aorta-caval
groove” is removed. The boundaries of this space are
the division of the innominate artery and the aorta (me-
dially), the trachea (posteriorly), the right innominate
vein and the right mediastinal pleura (laterally), and the
right main bronchus, the azygos vein, and the superior
vena cava (inferiorly) (Fig. 19.6). The dissection pro-
ceeds caudally, below the left innominate vein, and the
specimen is separated from the pericardium at a dis-
tance of several centimeters. The most difficult, but
very important part of this operation is the dissection
of the adipose tissue from the aorta-pulmonary window.
Further dissection of two other branches of the left in-
nominate vein, namely the left internal thoracic vein
and the accessory hemiazygos vein is mandatory. These
two veins are subsequently divided and their ends are
secured with clips or sutures (preferably) (Fig. 19.7).
The division of these veins provides much better access
to the aorta-pulmonary window above the left innom-
inate vein, which is retracted towards the aorta. The
next step is the visualization of the left phrenic nerve,
which runs very close to the left internal thoracic vein
and the left vagus nerve, which runs laterally to the left
common carotid artery. With blunt dissection using a
peanut sponge, the fatty tissue containing the aorta-pul-
monary window is dissected from these nerves, the aor-
ta, and the left mediastinal pleura. At the bottom of the
aorta-pulmonary window the left pulmonary artery is
visualized (Fig. 19.8). In difficult cases the dissection

Fig. 19.5 The fatty tissue containing the superior poles of
the thymus is separated from the lower poles of the thyroid
gland with 1-4 inferior thyroid veins ligated and divided.Re-
produced from [12] with permission from the European As-
sociation of Cardio-thoracic Surgery. Copyright 2005

O e

Fig. 19.6 Division of the thymic veins. Reproduced from
[12] with permission from the European Association of Car-
dio-thoracic Surgery. Copyright 2005

Fig. 19.7 View of the aorta-caval groove after removal of
its adipose, lymphatic, and thymic contents. Reproduced
from [12] with permission from the European Association of
Cardio-thoracic Surgery. Copyright 2005

T ey, RRE D -
Fig.19.8 Division of the left hemiazygos accessory vein.Re-
produced from [12] with permission from the European As-
sociation of Cardio-thoracic Surgery. Copyright 2005
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of the aorta-pulmonary window is completed at a lat-
er stage of the operation with a videothoracoscopic
camera inserted inside the chest.

The subxiphoid part of the operation: a transverse
4- to 6-cm incision is made above the xiphoid process.
The subcutaneous tissue is cut and the medial parts of
the rectus muscles are cut near the insertions to the
costal arches. The xiphoid process is divided trans-
versely and left without removal. The selective left lung
ventilation is started resulting in the collapse of the
right lung. The anterior mediastinum is opened from
below the sternum. A second sternal retractor con-
nected to the traction frame (the same as one which is
used for traction of the manubrium) is placed under the
sternum, which is elevated to facilitate access to the an-
terior mediastinum from below. A thoracoscopic port
for a 5-mm, 30° oblique thoracoscope is inserted into
the right pleural cavity in the 6th intercostal space in
the anterior axillary line. The right mediastinal pleura
is cut near the sternal surface up to the level of the right
internal thoracic vein, which is left intact. The preperi-
cardial fat and right and left epiphrenic fat pads are dis-
sected from the pericardium and diaphragm with blunt
dissection using a peanut sponge and a sharp dissec-
tion using scissors. Dissection of the prepericardial fat
containing the thymus gland proceeds upwards under
the control of the VTS camera with en bloc fashion,
without any attempt to dissect the thymus gland sepa-
rately (Fig. 19.9). The right phrenic nerve is a margin
of dissection. At this moment the thymus is attached
to the pericardium only with its left-lower pole. Venti-
lation of the right lung is resumed and the ventilation
of the left lung is disconnected. A thoracoscopic port
for a 5-mm, 30° oblique thoracoscope is inserted into

b

Fig. 19.9 View of the aorta-pulmonary window after re-
moval of its adipose, lymphatic, and thymic contents. Re-
produced from [12] with permission from the European As-
sociation of Cardio-thoracic Surgery. Copyright 2005

the left pleural cavity, as on the right side. The operat-
ing table is rotated on the right side with elevation of
the left side, which lowers the mediastinum, improv-
ing access to the left pleural cavity. Under the control
of the VTS camera the left mediastinal pleura is divided
along the sternum and the left prepericardial fat is dis-
sected from the pericardium above the level of the left
internal thoracic vein previously divided. The left-low-
er pole of the thymus is separated from the pericardi-
um and the specimen is removed. Dissection of the aor-
ta-pulmonary window is completed, if necessary, at this
stage of the operation. Hemostasis is checked, the VTS
ports are removed and the chest tubes are inserted in-
to both pleural cavities through the incisions made for
insertion of the ports. Ventilation of both lungs is re-
sumed. The cervical and subxiphoid incisions are
closed in the standard manner. Generally, a patient is
extubated immediately after the operation.

Methods

Generally, patients with type I-III of myasthenia ac-
cording to Osserman-Genkins Classification were
operated on. During this period of time, patients with
thymoma and the patients undergoing repeated
thymectomy (rethymectomy) were operated on using
the technique of extended transsternal thymectomy,
similar to the technique described by Bulkley [3]. In
case the myasthenia is severe and the clinical state
of the patients is not stable, the preliminary treatment
modalities, such as steroids (in dose of 1 mg/kg/day
of prednisone), immunosuppressive drugs (azathio-
prine), intravenous immunoglobulins, or plasma-
pheresis are used until the patient’s clinical state be-
comes optimal. Operating time and intraoperative
and postoperative complications were recorded.

To estimate late results of treatment of myasthe-
nia, questionnaires with questions regarding the clin-
ical state and antimyasthenic drugs intake were sent
to all patients at 1-year intervals. Based on the an-
swers to the questionnaires, the complete remission
rates (lack of myasthenic symptoms with no need for
any myasthenic drugs, including corticosteroids and
other immunosuppressive drugs), the improvement
rates, the no-improvement rates, deterioration rate,
and the late mortality rates (the death from MG or
other causes) were calculated.

Results

259 patients were operated on in the period from July
1st, 2000 to July 30th, 2007. The mean operative time
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for one team approach was 201.5 min (120-330 min) The rates of complete remission after 1-, 2-, 3-,
and for two-team approach it was 141 (95-210 min). 4-, and 5-years of follow-up were 25%, 36.8%,
There was no mortality and the morbidity rate was 43.2%,47.8%,and 51.2%, respectively (Figs. 19.10,
12%. The complications are listed in Table 19.1. 19.11).

Table 19.1 Complications in 259 patients with myasthenia
gravis operated on with transcervical-subxiphoid-VATS

“maximal” thymectomy
Type of complication N (%)
Superior vena cava or left innominate
vein laceration (managed with clips /
or sutures without sternotomy) 3(1.2%) : 2 : THYMUS
Postoperative bleeding necessitating revision 5 (1.9%) s !
Temporary laryngeal recurrent nerve
paresis 3(1.2%)
Permanent laryngeal recurrent nerve
paresis 0
Pleural hematoma necessitating VTS 1 (0.4%)
Pleural hematoma necessitating needle
aspiration 1 (0.4%)
Respiratory insufficiency - ventilator 11 (4.2%)
Pneumonia without respiratory insufficiency 1 (0.4%)
. oK o
g}g:g’:ﬁ:g% cr]c;rrr:gxﬁgogs ? E;fwf’; Fig. 19.10 Dissection of the prepericardial fat containing
Pheumothorax 9 1 (0'40/0) the thymus gland. Reproduced from [12] with permission
0 ) 0° from the European Association of Cardio-thoracic Surgery.
verall 31 (12%) Copyright 2005
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Fig.19.11 The complete remission rates of myasthenic symptoms after 1-,2-, 3-, 4-,and 5-years follow-up after transcer-
vical-subxiphoid-VATS “maximal” thymectomy
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Discussion

The “maximal” transcervical-subxiphoid-VATS
thymectomy is a relatively safe procedure, with no
mortality and 12% morbidity, including only 4.2% of
patients needing ventilator support. This technique
avoids sternotomy, which considerably reduces post-
operative pain. Although there were only few com-
plications connected with a sternotomy wound in
previous experience in our department, with only two
sternal dehiscences in 680 thymectomies (including
thymomas and rethymectomies), there is always a
potential for such complications [13]. Moreover, af-
ter sternotomy the patients’ postoperative discomfort
is more pronounced and the cosmetic result after ster-
notomy is less favorable. Results of complete re-
mission rates of patients operated on with a “maxi-
mal” transcervical-subxiphoid-VATS thymectomy
are comparable to the results achieved with use of the
extended transsternal approach (46.6% after 4-years
follow-up) [14].

Conclusions

The transcervical-subxiphoid-VTS “maximal” thy-
mectomy is a highly extensive procedure, performed
partly in the open fashion, avoiding use of sternoto-
my. Two-team approach helps to shorten the opera-
tive time.
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Rationale

A thymectomy is now generally accepted as a major
option of treatment for myasthenia gravis (MG) pa-
tients, both with and without thymomas. In recent
years, developments in endoscopic surgical proce-
dures have achieved the benefit of less invasiveness,
though that has led to discussion regarding the most
suitable surgical approach. The rationale for choos-
ing a thymectomy for nonthymomatous MG is based
on its function to remove the germinal centers (GCs)
in the thymi, where acetylcholine receptor (AChR)-
specific B cells clonally proliferate, and differentiate
into antibody producing cells with a high affinity, as
demonstrated by the author when working with Will-
cox [1,2]. In addition, we found that a decrease in an-
tibody titer 1 year after a thymectomy had a signifi-
cant inverted correlation with the number of GC B
cells in thymic lymphocytes in those patients [3]. Fur-
ther, the author and Willcox reported that lympho-
cytes in remnant thymi adjacent to tumors sponta-
neously produce anti-AChR antibodies in MG pa-
tients with a thymoma [4]. Importantly, thymic glands
are widely scattered in gross adipose tissue even out-
side of the mediastinal thymus [5, 6]. Therefore, the
final goal of surgery is a total thymectomy, which
means removal of as much thymic tissues as widely
as possible in the mediastinum. Masaoka and Mon-
den examined the prognoses of patients thymec-
tomized in Osaka University Hospital and defined an
extended thymectomy procedure for MG treatment by
proposing a benchmark of the feasible area [7]. Since
then, that procedure under a median sternotomy has
been performed for MG at Osaka University. When
introducing an endoscopic approach for a thymecto-
my used to treat MG patients in 2002, we confirmed
that the same amount of clearance of the thymus in-
cluding adipose tissue could be achieved under a tho-
racoscopic surgery approach. One of the authors re-
ported the first experiences of video-assisted thora-
coscopic surgery (VATS) with a novel chest wall

lifting method for some benign mediastinal tumors
[8], after which we added some modifications to ap-
ply it for an extended thymectomy for MG.

Indication and Preoperative Management

Patients with generalized symptoms and positive for
the anti-AChR antibody are encouraged to undergo
a VATS thymectomy. Those with a thymoma who
have anti-AChR antibodies, even without myas-
thenic symptoms, also require an extended thymec-
tomy including the tumor using a VATS procedure,
unless image findings clearly show tumor invasion.
At the present time, we do not plan an operation for
the patients with anti-muscle-specific kinase (MuSK)
autoantibodies. We usually plan the operation as soon
as possible after diagnosis without introducing
steroids. However, patients with severe bulbar symp-
toms are treated with low-dose steroids before the
operation.

Techniques for Video-assisted Thoracoscopic
Extended Thymectomy

Anesthesia Management

General anesthesia with an endotracheal double-lu-
men tube is necessary for selective unilateral pul-
monary ventilation. Muscle relaxants are not al-
lowed, because some MG patients are hypersensitive
to them. Further, intravenous glucocorticoids are ad-
ministered to patients treated with steroids before the
operation.

Operative Position

The patient is placed in a supine position, and after
a small pillow is inserted behind the back, both arms
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are placed just beside the chest (Fig. 20.1). This po-
sition is important to provide a wide area at the side
chest walls for instrument and scope excursion. Out-
ward rotation of the arms often disturbs free excur-
sion during the diaphragm procedures. This back pil-
low forces the neck to become slightly extended, al-
lowing easy access to the cervical procedures, and is
also effective in emergency sternotomy cases. The
operating table is rotated for easy access to the an-
terior mediastinum, thus both sides of the hips should
be firmly guarded. Draping to gather fatty breasts
medially can be useful for wide exposure of side
chest wall. We successfully operated on a woman
with breast implants without causing an injury by us-
ing such a draping maneuver.

Operative Approach

Our standard procedure comprises (1) a bilateral in-
trathoracic approach, (2) lifting of the anterior chest
wall to attain a wide view and an easy access in the
anterior mediastinum, and (3) a direct open approach
through a neck incision to counter the disadvantage
of VATS by providing a better access to the upper
poles of the thymus [9]. Basically three trocars are
positioned in the bilateral pleural cavities. Recently,
we prefer a mini-thoracotomy in place of the two cra-
nial trocars with wound edge protectors (Lap-Pro-
tector, Hakko, Japan) (Fig. 20.2). The original cus-
tom-made costal hooks can now be purchased from

Fig.20.1 Operative position.Our basic approach utilizes 3
trocars, though recently we prefer to use a mini-thoracoto-
my and 1 trocar positioned through the bilateral side chest
wall.The anterior chest wall is lifted about 3 c¢m upward us-
ing the costal hooks connected to a lifting device

upper poles of the thymus, which provides a clearance of
3.2% more for cervical fat tissues [9]. The photo shows the
upper poles isolated through a neck incision, which cannot
be achieved from the pleural cavity

Sonne Medical Instruments (Tokyo, Japan) after a
slight modification (Fig. 20.1). Both hooks are con-
nected with a laparoscopic lifting device (VarioLift,
Aesculap, Tokyo, Japan) and the chest wall can usu-
ally be lifted about 3 cm with a power of 10 kg. An
assistant surgeon holding an endoscope stands along-
side the operator. Direct dissection of the upper
poles is performed after a bilateral VATS procedure.
We always make sure to isolate the thymic tissues
from the backside of the sternum during the last stage
of the operation, in order to keep the effect of lifting
at maximum.

The most difficult manipulation during thymec-
tomy is safe dissection of the thymic veins and ex-
posure of the left brachiocephalic vein (LBV). Thus,
preoperative identification of these veins using mul-
tidetector-low CT scanning is useful, as we reported
previously [10] (Fig. 20.3).

Surgical Technique

In cases that undergo bilateral VATS, fewer switches
are required for unilateral ventilation. We prefer to
start with exploration of the right cavity. A 10-mm tro-
car is introduced through the fifth intercostal space
at the anterior axillary line for a 30° oblique camera.
After confirming that lung collapse is adequate and
there are no anesthesia complications, a vertical skin
incision of about 3 mm is made 2 cm lateral of the
sternum at the upper edge of the third rib. These scars
become indistinct late after the surgery. We make sure
not to injure the internal thoracic artery and intercostal
vessels when inserting the costal hooks, which catch
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Fig.20.3a,b aThree-dimensional image based on multidetector-low CT imaging showmg the thymic vein (arrowheads)
is shown in a position identical to that found during VATS in the right pleural cavity (b). Preoperative information regard-
ing actual numbers and branching patterns is helpful for safer manipulation during this most delicate stage [10]. *Left
brachiocephalic vein. ** The thymus (used with permission of Springer-Verlag, Heidelberg)

the third ribs. After switching the collapse of the right
lung to the left, the left costal hook is inserted in the
same manner by visualization through the left fifth in-
tercostal space. Two more trocars are then placed
through the third and fourth intercostal spaces, and
dissection of the left lobe can be started after a full
lift of the anterior chest wall.

The left mediastinal pleura is incised just anteri-
or to the phrenic nerve: the lateral boundary of an ex-
tended thymectomy. The thoracoscopic view can
easily identify the nerves, even if the thick fat tissues
are extended beyond it, in which case an ultrasound
energy source is useful for bloodless division. By
careful dissection of cephalad thymic tissues in the
left cavity, the most upper part of the LBV can usu-
ally be identified. During exposure of the LBV when
medially extended, the thymic veins can be identified
and then divided using a recently introduced ultra-
sound energy device (Fig.20.4). When the LBV can-
not be easily found, we try to expose it in the right
pleural cavity. Blunt dissection can be safely per-
formed on the pericardium and the diaphragm, so that
isolation of the thymus extends to the right side.
However, identification of the contralateral phrenic
nerve is difficult at this moment. Leaving the upper
portion extending to the neck, we finally dissect
along the backside of the sternum.

The collapsed side is then switched and two
more trocars are added to the right cavity. The pleu-
ra anterior of the phrenic nerve are incised and the
thymic tissues are separated from the underlying
pericardium extending onto the aorta. The bridging
vein from the internal thoracic vein to the superior
vena cava (SVC) can be preserved, unless it severe-

ly disturbs access to the upper portion. The SVC is
a good landmark for identification of the LBV in the
right cavity. Exposure of the LBV is carefully ex-
tended to the left side and some remaining thymic
veins may be identified. When the mediastinal pleu-
ra is dissected behind the sternum, the thymus and
fat tissue, except for the upper poles, become free
from the mediastinum. The connective tissues around
the upper poles should be dissected before neck ma-
nipulation.

Next, we add a 2-cm low collar incision, which
is usually caught up in a wrinkle later. After the neck
muscles are divided, the fibrous cords between the
thyroid and thymus are exposed. We dissect it using

Fig.20.4 View of the anterior mediastinum through the left
pleural cavity. The thymus is mobilized upward and the left
brachiocephalic vein is exposed.The thymic veins (¥) are cut
using an ultrasound energy device.The phrenic nerve is eas-
ily visible with a thoracoscope
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electric cauterization, and mobilize the upper poles
by inserting a finger in front of the trachea and be-
hind the manubrium. Both lateral sides of the poles
are carefully dissected with an electric cautery to en-
sure that the recurrent laryngeal nerves are not in-
jured (Fig. 20.2). A combination of thoracoscopic
views makes this stage more comfortable to perform.
Finally, all thymic tissue can be removed from the
cavity. After removal of the costal hooks, both cav-
ities are explored to ensure hemostasis and complete
resection. A silicon chest tube is then placed from one
cavity to another through the anterior mediastinal
bed, which is usually removed the next day.

Postoperative Management

The patient is extubated immediately after the oper-
ation when respiration is fully recovered. Cholin-
esterase inhibitors are resumed at a half dose and
steroids are only introduced when the symptoms are
not well reduced by their administration. Immuno-
suppressants are resumed at the same dose after the
operation.

Results

A total of 42 patients have undergone a bilateral
VATS extended thymectomy with our anterior chest
wall lifting method as a standard procedure since
2002 at Osaka University Hospital, of which 28 were
nonthymomatous MG cases, and the remaining 14
patients had thymomas. In 2 female MG patients
without tumors, conversion to a sternotomy was
necessary, because of bleeding at the confluence of
the thymic vein with the LBV. VATS could not be
performed in another patient, because unilateral ven-
tilation caused intolerable hypoxia during the thora-
coscopic exploration. In that case, it seemed likely
that severe obesity disturbed ventilation while in the
supine position. As for patients with a thymoma, 2
needed a sternotomy, because of tumor invasion to
the pericardium. In another with lung invasion by a
thymoma, a partial lung resection was done using en-
doscopic staplers and VATS was completed.

The median diameter of tumors resected from our
patients was 3.5 cm (range, 1.5 to 9.5 cm). No
deaths within 90 days of surgery occurred and no
transfusion was needed, including converted cases.
Further, there was no significant morbidity, except
for a pulmonary embolism that occurred in a female
patient, who recovered well with oxygenation and
anticoagulation therapy. A neck incision was not per-

formed in 3 patients, because of either a tracheoto-
my scar, a short neck caused by severe obesity, or
patient choice. One male patient suffered from
hoarseness caused by the recurrent laryngeal nerve
paralysis, which may have originated during the
neck procedure. The average time period for the op-
eration was 237 min for nonthymomatous patients
and 273 min for those with a thymoma, while, the av-
erage blood loss in those groups was 135 and 252 g,
respectively, including converted cases. Five pa-
tients without and 1 with a thymoma required rein-
tubation in the operating or recovery room because
of deterioration of MG.

The postintervention symptoms in 38 of the pa-
tients who underwent a thymectomy and completed by
VATS were evaluated using MG-ADL score. The me-
dian length of follow-up was 38 months (range, 3 to
69 months). Status was classified into 5 groups, i.e.,
remission, improvement, no change, more medication
and/or worse symptoms, and death caused by MG,
then remission rate (RR) and palliation rate (PR) were
calculated as described previously [11] (Fig. 20.5).
Three patients without a tumor and 2 with tumors at-
tained remission for at least 1 year, and were classi-
fied as Complete Stable Remission (CSR) as defined
by the MGFA (Myasthenia Gravis Foundation of
America) Postintervention Status classification [12].

Controversy remains regarding which approach is
most suitable for a thymectomy used to treat MG
[12]. What makes it complicated seems that there are
no objective or integrated parameters for MG symp-
toms, and that other treatment modalities are usual-
ly combined. The MGFA proposed some valued
clinical classifications and advocates life-table analy-
sis as the best method for follow-up of MG patients
[12]. However, we still doubt the application of their
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Fig. 20.5 Remission and palliation curves of nonthymo-
matous MG patients who underwent a thoracoscopic ex-
tended thymectomy
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recommendation, because relapsed patients after re-
mission cannot be evaluated. Another reason is that
improved status is not taken into account in long clin-
ical courses of MG. Particularly in Japan, both med-
ical staff and patients tend to be against treatment
with steroids, thus a longer period of time may be re-
quired to attain remission. We have adopted the
evaluation described by Masaoka for comparison be-
tween endoscopic and transsternal approaches in
larger series.

Unfortunately, the Thymectomy Classification by
the MGFA grouped together various surgical proce-
dures only according to the primary approach. Further,
Jaretzki states that removal of the thymo-fatty tissue
on the pericardium is not certain in “T-2: Videoscop-
ic Thymectomy” [12]. However, skillful use of a tho-
racoscope allows better operative views and manipu-
lation as compared to open surgery, i.e., along the
phrenic nerve and near the diaphragm. Considering the
final goal of the operation, which is total removal of
as much thymic gland as possible, the most objective
parameter for evaluation of surgical approaches is the
amount of removed tissue by the procedure. We pre-
viously reported results of a prospective study that in-
dicated the necessity of an additional open approach
in the neck, which would lead to the removal of ad-
ditional fat tissue including the glands below the thy-
roid [9]. Also, it is important to note that the average
weight of the removed tissue in the present series was
slightly higher than that in our previous series of pa-
tients who underwent a transsternal extended thymec-
tomy, though the difference were not statistically sig-
nificant (data not shown). Therefore, we consider that
our endoscopic approach should be substantially clas-
sified into the same category as “T-3(b), Transsternal
Extended Thymectomy” in MGFA classification [12].

We believe that use of our thoracoscopic thymec-
tomy method can achieve a proper balance between
invasiveness and radicality, leading to improved ac-
ceptance and benefits for MG patients.
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Thymectomy

Klaus Gellert, Sven Kother

Introduction

Standard surgical procedures of thymectomy avail-
able — as a positive impact on the course of the con-
dition in patients with myasthenia gravis — comprise
transsternal, transcervical, extended transsternal, and
thoracoscopic thymectomy. All four options have
been shown to have a positive impact on the outcome
of the disease. Of importance of these approaches is
the complete excision of thymic tissue. Up until the
present time, however, the question as to what con-
stitutes the optimal approach to thymectomy is still
a matter of controversial debate. The development of
minimal invasive surgery with its well-known ad-
vantages also led to the introduction of thoracoscopic
thymectomy, a procedure that can be performed
from either the right or the left side. Results of tho-
racoscopic thymectomy have proved to be compara-
ble with those of other thymectomy procedures.

The open thymectomy contains a substantial op-
erational expenditure with appropriate width of com-
plications for the patient whereby particularly the
pain symptomatology after the sternotomy as well as
the possible instability of the thorax are most im-
portant.

In the present time the underlying problem of ac-
ceptance of operation is due to patient concerns
about the esthetic or cosmetic effect of all the dif-
ferent procedures, since the region of decolletage of
young wives, for instance, is changed by a large scar
resulting from a sternotomy.

Advantages of thoracoscopic thymectomy include
small operation trauma; an outstanding intraoperative
overview, which means that the danger of injury to
organs and structures unrelated to the procedure can
be limited; and slight postsurgical pain and therefore
more rapid mobilization of the patients. Furthermore,
thoracoscopic thymectomy has an excellent cosmet-
ic result with very small scars.

Under these aspects we preferred and standard-
ized the thoracoscopic thymectomy especially with
a left-sided approach, and excluded patients with

razd Totally Endoscopic Techniques:
p M W Left-Sided Thoracoscopic

large thymoma or suspicion of malignancy. In these
cases the open procedure with sternotomy was per-
formed. In analyzing results obtained with this tho-
racoscopic technique the comparison to those ob-
tained with conventional thymectomy as reported in
literature shows lower postoperative morbidity,
good early clinical and surgical results, and an ex-
cellent cosmetic effect. That led to an increased ac-
ceptance of this method by patients and neurologists
alike.

Left sided Thoracoscopic Thymectomy
Indication

For thoracoscopic thymectomy the indication should
be for all patients with myasthenia gravis in stage I-
II B of the Ossermann/Genkins classification [1], as
well as patients with nonmalignant hyperplasia of
the thymus gland or with encapsulated, noninva-
sively grown thymomas with a maximum diameter
of about 3 cm. For patients with suspicion of ma-
lignancy or with bigger thymomas the indication for
open procedure exists. Thoracoscopic thymectomy
should be performed when myasthenia gravis is in
a stable condition and not as an “emergency opera-
tion”. Therefore, the patient’s medications should be
adjusted against myasthenia preoperatively. In seri-
ous or unstable stages of myasthenia gravis plasma-
pheresis and/or immunoadsorption represent a bet-
ter alternative in the acute phase. Additionally im-
munoglobulins can be used. For these reasons it is
desirable to determine the value of ACh antibodies
and to prepare a CT or MR from the frontal medi-
astinal space.

Perioperative Procedure
In preparing for an operation a premedication on the

previous evening of promethacin (1 mg/kg body
mass) for anxiolysis is recommended. A second dose
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of promethacin should be given 45 min before the
operation. During the operation pyridostigmine can
be administered by a stomach tube.

Enlarged monitoring with a central venous
catheter, invasive blood pressure measurement, and
relaxometry with TOF-Watch (M. adductor pollicis
longus) are necessary for thoracoscopic thymectomy.
Because of the one-lung ventilation, an intraopera-
tive bronchoscopy may become necessary. For ex-
ample, in case of intubation problems a broncho-
scopic intubation could be performed. Due to the
problems of weaning of respiration, which can be ex-
pected postoperatively in case of a tracheotomy, this
procedure should be obsolete as a prophylactic pro-
cedure.

Because of possible complication patients should
always be supervised in an intensive care unit after
the operation.

Surgical Technique

Thoracoscopic thymectomy is performed under in-
sufflation anesthesia with single-lung ventilation,
using a double-luminal endobronchial tube. The pa-
tient is placed in a right-lateral position at 30° to the
horizontal. For arrangement of thoracoscopic trocars
and sufficient space conditions during operation, the
left arm is placed over the head. Three thoracoscopic
trocars are inserted into the pleural cavity in the 3rd
to Sth intercostal spaces (Fig. 21.1). To achieve good
cosmetic results, particularly for females, the inci-
sions should be placed in a triangular position
around the mamma, so that the scars are hidden af-
ter healing (Fig. 21.2). For the best view over the
precardial and mediastinal operation area a camera

Fig. 21.1 Arrangement of trocars for left sided thoraco-
scopic thymectomy

Fig.21.2 Placement of incisions for good cosmetic result

with a 30° optic proved well. For best handling the
camera instrument should be taken over by an as-
sistant. Dissection is begun at the lower-left pole of
the thymus gland close to the phrenic nerve, in-
cluding the perithymal fat tissue (Fig 21.3). The
nerve represents thereby a guidance structure. The
entire thymic tissue together with pericardial fat is
dissected cranially using both blunt and sharp tech-
nique. For preparation an ultrasonic scissor could be
recommended.

In the next step of extirpation of the thymus
gland, the retrosternal working space is prepared to
the right pleura. The thymus gland is then lifted
from the pericard and then the brachiocephalic vein
is exposed (Fig 21.4). There in most cases exist very
intensive junctions and adhesions to the region of

Fig.21.3 Beginning of preparation at lower-left pole of thy-
mus included the perithymal fat tissue close to phrenic
nerve
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Fig.21.4 Exposed brachiacephalic vein during preparation
of thymus

aorta ascendens. Draining thymic veins are divid-
ed. The most difficult and critical part of the oper-
ation is the dissection of the upper horns of the
gland. After dissecting the surrounding fascia the
upper horns can be mobilized caudally by applying
gentle traction, and dissected free. After that the
right pleural cavity is opened for examination of the
right-lower thymus (Fig. 21.5). At this point it is
possible to visualize the right phrenic nerve beside
the cava vein necessary for removing of fat tissue
in this region.

The excised specimen is recovered with the aid
of a recovery bag, and the procedure is terminated
with the placement of a thoracic drain (Fig. 21.6).

Fig. 21.5 Opened right pleural cavity for examination of
right-lower thymus pole

Fig.21.6 Inserted thoracic drainage

Postoperative Treatment

In case of stable postoperative state a prolonged
monitoring and stay in the intensive care unit is not
necessary. If possible and under condition that there
is no myasthenic disorder postoperatively, the patient
can be shifted on the first postoperative day to the
normal surgical ward. After X-ray chest control and
under normal ventilation, the thoracic drainage can
be removed on the first postoperative day.

One of the advantages of thoracoscopic thymec-
tomy is the shortness of hospitalization. For the du-
ration of hospitalization no changes in the an-
timyasthenic medication should be made.

Depending on the clinical situation and postop-
erative myasthenic signs, an adaptation of medication
during the first postoperative half-year could be per-
formed. A definitive estimate of clinical results and
success of the thymectomy can be given in the
process. That’s why a good organized follow-up is
necessary for high-quality thymus gland surgery and
therapy of myasthenia gravis.

Own Results
Material and Methods

Between August 1997 and December 2007, a total of
263 patients (183 female, 80 male) with stage I-1I B
myasthenia gravis in the Ossermann/Genkins classi-
fication underwent thoracoscopic thymectomy in the
Surgical Department of the Oskar-Ziethen Hospital
in Berlin-Lichtenberg. Patients with a radiologically
demonstrable thymoma having a size of less than
3 c¢m, and encapsulated and with no evidence of ma-
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lignancy (Masaoka stage I) were also operated on us-
ing the minimally invasive option. The mean age of
the patients was 37 years (range: 9 to 84). The indi-
cation for thymectomy was established on an inter-
disciplinary basis with involvement of the patient’s
neurologist.

In addition to such surgery-related factors as op-
erating time, intraoperative blood loss, morbidity,
and mortality, and the histopathology of the surgical
specimen, the clinical course over a mean follow-up
time of 40.5 months (range: 6 to 84 months) was al-
so analyzed. For this purpose, all the patients were
questioned with the aim of eliciting information on
possible improvement or worsening of their symp-
toms, and any modification of their medication, and
were then categorized in accordance with the DeFil-
ippi classification [2].

Results

The fully thoracoscopic thymectomy was success-
fully performed in 241 patients. A conversion to open
procedure of thymectomy was performed in 22
(8.3%) cases. In 9 patients, the intraoperative find-
ings raised suspicion of a local metastasized thymus
gland carcinoma, which rendered sternotomy with
thymectomy and an extended mediastinal resection
necessary.

The macroscopic suspicion was confirmed by the
findings of the histopathological work-up.

On the occasion of 13 patients a lot of pericar-
dial fatty tissue was found intraoperatively, that
supplied to a conversion to sternotomy for complete
resection of thymus gland with the surrounding and
evenly pericardial fat tissue with ectopic thymus tis-
sue in it.

There was no postoperative mortality. Two pa-
tients had to be redrained since removal of the tho-
racic suction drain was followed by a pneumothorax.
After successful extubation in the operating theatre,
4 patients experienced a myasthenic crisis and had
to be reintubated and ventilated in the intensive care
unit. They were transferred to a neurological unit for
further management. From there, following plasma-

pheresis treatment and optimal drug management,
they were discharged to outpatient care with no fur-
ther complications. In 6 cases a mild postoperative
pneumonia was seen and treated with consistent
physical therapy and antibiotic medication. This
meant that the postoperative morbidity rate was
4.5% overall. Mean duration of operation was 60
min(+8 min).

The histopathological work-up revealed a thy-
moma in 11.5%, hyperplasia in 66.6%, atrophic
gland in 18.1%, and a carcinoma of the thymus gland
in 3.7% of the patients. Only 65% of the thymomas
were detected by the preoperative diagnostic work-
up. With the exception of the patients with carcino-
ma of the thymus gland, all thymomas were classi-
fied Masaoka stage I.

The mean hospital stay was 5.1 days (range: 2 to
17 days). Preoperatively, 77 patients (29.2%) were in
stage I, 101 patients (38.4%) were in stage II A and
85 (32.3%) in stage II B (Ossermann/Genkins clas-
sification) (Table 21.1).

After a mean follow-up of 40.5 months, 134 pa-
tients were seen and investigated by us. 32 patients
(23.9%) showed complete remission (stage I), 54 pa-
tients (40.3%) were asymptomatic on reduced med-
ication (stage II), in 27 cases (20.1%) symptom sever-
ity or medication was reduced (stage II1), and 9 pa-
tients (6.7%) showed no improvement (stage IV) in
the DeFilippi classification. In summary 32 patients
(23.8%) experienced complete remission, and 81
(60.4%) experienced an improvement in symptoms
or a reduction in medication. In 9 patients (6.7%),
medication and/or symptoms remained unchanged
post-operatively (Table 21.2).

Most of patients were very satisfied with the short
hospitalization and post-operative cosmetic effect
(Fig. 21.7).

Discussion

Publications in the literature describe a number of
standardized, so far well-worked techniques, such as
transsternal, transcervical, or “maximal thymectomy”’
for treatment strategy of myasthenia gravis [3, 4].

Table 21.1 Preoperative stages of [n = 263] patients with myasthenia gravis before thoracoscopic thymectomy in ac-

cordance with Ossermann/Genkins classification (1971)

Stage  Description Patients [n] [%]
| Ocular myasthenia gravis 77 29.2
ITA Mild generalized myasthenia gravis 101 384
1B Mild generalized myasthenia gravis with ocular symptoms 85 323
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Table 21.2 Clinical results [n = 134 patients] after left-sided thoracoscopic thymectomy and a mean follow up of 40.5

months in accordance with the DeFilippi classification

Stage  Description Patients [n] [%]
| Complete remission 32 239
Il Asymptomatic and reduced medication 54 40.3
1] Improved symptoms or reduced medication 27 20.1
1\ Identical symptoms, medication unchanged 9 6.7
\Y Worsening of symptoms 12 9.0

Fig. 21.7 Good cosmetic result after left-sided thoraco-
scopic thymectomy

Complete thoracoscopic thymectomy is techni-
cally feasible, and represents in times of minimal
invasive surgery a modern technique for the re-
moval of the thymus gland and mediastinal fatty tis-
sue. Acknowledged benefits for the patient are the
low level of surgical trauma and the excellent cos-
metic result [3, 5]. These benefits are seen in par-
ticular in the case of young patients undergoing tho-
racoscopic thymectomy — as reports in the literature
show [6-8].

As a consequence of the reduced surgical trauma,
a lower rate of wound healing disorders, less post-
operative thoracic pain and thus a reduction in post-
operative pneumonia, have been reported.

Surgical access may be either from the right or
left. Yim et al. describe a right-lateral approach, since
orientation to the superior vena cava is easier, and the
identification of the left brachiocephalic vein is thus
facilitated [9, 10]. The pericardial and perithymal fat
tissue and that in the aortopulmonary window can be
removed completely and any ectopic thymus gland
tissue with it [11, 12].

Anatomical studies have shown that ectopic thy-
mus gland may be present both in mediastinal, peri-
cardial, and cervical fatty tissue [13, 14]. With the
aim of taking this fact into account, extensive surgi-
cal techniques, such a transcervical-transsternal or
the extended transsternal approach were developed.
This operative approach, however, is associated with
a higher level of perioperative morbidity than the
minimally invasive procedure. Bulkley et al., for in-
stance, reported a morbidity rate of 33% [15], and
Budde et al. 14% [16]. However, since patients with
Ossermann and Genkins stage IV myasthenia were
also operated on, direct comparability is compro-
mised. In our own patient population, the morbidity
rate, at 4.5%, is comparable with that reported by
Mack et al. [3].

The surgical literature also reports good long-
term results achieved with the purely transcervical
approach — another minimally invasive procedure.
Brill et al., for instance, reported a long-term remis-
sion rate of 45% [17]. Other authors, however, were
unable to confirm these excellent results, since on re-
operation after the transcervical approach, remnant
thymic tissue was found, and symptoms of myas-
thenia persisted [18].

The reported remission rate for all the established
surgical options described above varied between
20% and 40%, and the overall improvement of
symptoms or reduction in medication is around 90%
(Table 21.3).

It is against these results that those achieved with
the thoracoscopic technique have to be measured.

In our own patient population, for example, the
remission rate is 23.9%; in the series reported by
Mack et al. 19% with more or less identical follow-
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Table 21.3 Published results of thymectomy in patients with myasthenia gravis compared with own data

Author (Year) [n] Technique Follow-up [months] PR [%] CR [%]
Frist (1994) 46 TS 50 93.6 28.2
Kay (1994) 36 TS 49 72.2 24.5
DeFilippi (1994) 53 TC 51 81.1 17
Masaoka (1996) 375 TS 60 88 45.8
Jaretzki (1988) 95 TS+TC 40 93 38
Stern (2001) 56 TS 82 53 81
Mineo (1996) 31 VATS 39 96 36
Mack (2002) 38 VATS 53 47 14
Own data (2007) 134 VATS 40.5 604 239
TS, transsternal; TC, transcervical; VATS, Video assisted thoracic surgery; PR, partial remission; CR, complete remission

up times (19.4 and 23 months, respectively) [3]. In
the series of operations described by Mineo et al., the
remission rate was 36% over the appreciably longer
follow-up of 39.6 months [11], in another series pub-
lished by Loscertales, five of the seven patients op-
erated on profited from the procedure [19]. It may be
concluded that the remission rate improves with
longer follow-up.

A short disease history, female sex, a milder
form of the disease, and hyperplasia of the thymus
gland are reported in the literature to be positive
prognostic factors for thymectomy [11].

Conclusions

Thoracoscopic thymectomy is a modern, minimally
invasive approach to the operative removal of the
thymus gland. This technique is just as effective as the
above-mentioned conventional surgical techniques.
Very low postoperative morbidity, an excellent cos-
metic effect, and good early clinical results compara-
ble with those obtained with the conventional methods
have resulted in increasing acceptance of the operation
by patients and neurologists alike. Thoracoscopic
thymectomy therefore represents today in times of
minimal invasive treatment first option in the surgi-
cal treatment of myasthenia gravis.
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Thymectomy

Gavin M. Wright, Cameron Keating

Introduction

Thymectomy has a history stretching back over a
century. Originally removed via a cervical incision,
this organ is notable for the variety of methods now
described for its removal. From the extensive dis-
sections using combined sternotomy with cervical in-
cision, to basic or extended thymectomy through up-
per or lower hemi-sternotomy. From small cervical
or subxiphoid incisions, unilateral or bilateral thora-
coscopic approaches, with or without sternal lift to
the use of robotics, the array is as dazzling as the
rhetoric of each technique’s proponents.

Controlled, but non-randomized studies conclude
that the odds of medication-free remission after
thymectomy are 2.1 times those who keep their thy-
mus [1]. A randomized controlled trial sponsored by
the National Institute of Neurological Disorders and
Stroke began recruiting in 2006 to provide conclu-
sive evidence of the benefit of thymectomy. There
have only ever been three small (and heteroge-
neous) randomized trials of thymectomy approach-
es in myasthenia gravis. Ruckert et al. [2] random-
ized 20 patients to sternotomy or VATS approach.
This study showed that pulmonary function and re-
quirement for narcotics was clearly inferior for the
sternotomy group. In the other trial of 50 myas-
thenic patients, Granetzny et al. [3] demonstrated a
lower postoperative ventilation rate and shorter
ICU stay for manubriotomy compared with full
sternotomy. Chang et al. [4] randomized a total of
33 patients to either bilateral VATS thymectomy or
extended transsternal thymectomy in nonthymo-
matous Osserman class I-III patients. The bilateral
VATS approach resulted in longer operating time
(4.2 hvs. 1.8 h), less blood loss (74 ml vs. 155 ml),
and similar improvement and remission rates. No
other evidence-based conclusions can be made
about any other approach or its efficacy for any giv-
en pathology.

The versatile thoracic surgeon should be able to
approach the thymus by a variety of methods. Any

razd Totally Endoscopic Techniques:
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single method executed well will be suitable for the
majority of cases, and should be the method with
which the surgeon is most comfortable, and from
which he or she expects to get the best results. In this
chapter we will iterate the indications, equipment
needed, preoperative work-up, and technical details
of the procedure that we perform most commonly.

Indications

By pathology, the indications for thymectomy are
identical for right- or left-sided VATS approach with
the exception that the right-sided approach allows
better access to the highest mediastinal nodes along
the right phrenic [5], but less access to the aorto-pul-
monary nodes [6]. Each side affords the best view of
its respective phrenic nerve. Therefore, a thymoma
that is eccentric to the right and adjacent to the nerve
needs to be approached from that side to safely ob-
tain the maximum margin without unnecessarily en-
dangering the phrenic nerve. The right side offers
more space to maneuver especially if there is any car-
diomegaly or chest deformity.

Choice of side is therefore more a product of
training, mentoring, and geographic location of the
surgeon than any evidence or logic. Safe removal of
all intended tissue is the principle goal as in any re-
sectional surgery.

Myasthenia gravis is the most common indica-
tion, with the aim of clearing all potential thymic tis-
sue from the neck to the diaphragm [7, 8]. Patho-
logical studies have demonstrated the presence of
thymic rests in mediastinal fat away from the macro-
scopic gland, strongly suggesting that the anterior
mediastinum should be completely exenterated [9].

When the indication for surgery is small thymic
mass (thymoma, cyst, germ cell tumor) there should
be no evidence of fat invasion on CT chest, the le-
sion should be less than 3 cm in its short axis, and
there should be no significant lymphadenopathy or
extension to the aorto-pulmonary window.
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Oncological principles need to be followed rig-
orously. Care with tissue, minimal handling of tumor,
wide margins, and specimen retrieval in a plastic bag
should be the minimum standard. Conversion to an
open procedure is more attractive than tumor
spillage. There have been two isolated reports of port
site recurrence; however, these were for advanced
thymic malignancy, which has preponderance for
pleural seeding with or without intervention. No
technical details were provided for one case [10] and
limited details for the other [11].

Equipment

The basic equipment required for right-sided VATS
thymectomy is similar to any standard VATS set-up.
We also have three bent sponge holders that are use-
ful for grasping tissue in hard-to-reach places and
minimizing instrument clash. A set of Kaiser-Pilling
graspers is more than adequate for the same purpose.
A double-action sponge holder can be useful to grip
a thymus through a small port while allowing max-
imum jaw opening. A long, fine artery forceps or
similar instrument to load peanut swabs, and a dis-
posable plastic Yankauer sucker are inexpensive
and extremely useful instruments. A 30° telescope
is essential for most thoracoscopic operations, and
this is not different for thymectomy. The thoraco-
scopic tower or “stack” should consist of a good
quality video monitor and light source, preferably
one with a gain function to add light if there is blood
in the operative field. We do not believe it is ever
necessary (or advisable) to employ CO, tension
pneumothorax for VATS.

Preoperative Work-up

Myasthenic patients should have optimal therapy
to render them as symptom free as possible [12].
As there is no concern about sternal wound heal-
ing or infection [13], we use plasma exchange
therapy on all but the most minor cases, such as
ocular only or minimal bulbar myasthenia [14, 15].
Intravenous gammaglobulin can be used as an al-
ternative when a patient is intolerant of plasma ex-
change [16].

Other than the usual oncological and surgical
work-up, nothing specific is required for other
thymectomy indications. If a germ cell tumor is
suspected, serum markers including a-fetoprotein,
B-HCG and lactate dehydrogenase, and a medical
oncology opinion should be sought.

Positioning and Port Placement

Optimal positioning for the thoracoscopic approach
must take into consideration many factors, including
natural retraction of structures by gravity, optimal ex-
posure of target site, surgeon familiarity with visual-
ized anatomy, and instrument placement. The ap-
proach described here has been developed by the au-
thors and successfully used in 100 VATS thymectomies
by our group.

Patient Position

Prior to double-lumen endotracheal intubation, the
patient is placed on a suction beanbag. After intuba-
tion, the patient is rolled 45° toward the left and the
beanbag is packed under the right shoulder, hip, and
thigh. The left side of the beanbag is used to contain
the patient to prevent slippage to the left. A pillow is
placed between the legs to protect bony points.

Arm Position

The anesthetist should choose the left arm for mon-
itoring and lines. The right arm is flexed to 90° and
the forearm hung above the patient’s forehead, sus-
pended on a mastectomy “L”-bar. The latter is fas-
tened to the left side of the table to prevent im-
pingement on the surgeon’s arc of activity
(Fig. 22.1). The axilla should be shaved at least from
the skin crease down. Draping is best accomplished
with adhesive tapes to hold the drapes in position, as
the field is an awkward shape and orientation.

Fig.22.1 The patient is positioned in a left semilateral po-
sition with the right arm on a mastectomy L-bar. A suction
beanbag holds the patient securely [17] (reproduced with
permission from Springer-Verlag)
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Surgeon Position

The surgeon stands on the patient’s right side. The
assistant surgeon stands to the surgeon’s right and the
scrub nurse is positioned opposite the assistant. Two
video monitors are preferred, so that the scrub nurse
can observe proceedings without turning away from
the surgeon.

Port Placement
Submammary Port

Depending on the indication, a 25-mm incision is
adequate for comfortable removal of even a quite
hypertrophic thymus. If the surgery is for thymoma,
then the skin incision should be approximately 1.5
times the short axis diameter of the tumor. The in-
cision is made in the submammary fold in the fe-
male (Fig. 22.2), and the breast is undermined to al-
low access to the 4th or 5th intercostal space. In the
male, the incision should be just below the nipple,
or just lateral and level with the nipple. Diathermy
is used to divide a short segment of pectoralis mus-
cle and then intercostal muscle. Hemostasis should
be meticulous to avoid breast hematoma, particu-
larly in female patients. The incision is now large
enough to accommodate the telescope port and,
when necessary, extra graspers or Yankauer sucker
at the same time.

Fig.22.2 Postoperative wounds after VATS thymectomy.Note
that a normal bra would cover the submammary and lower
axillary port sites. The remaining 5-mm port is high in the ax-
illa [17] (reproduced with permission from Springer-Verlag)

Lateral Port

Just behind the anterior axillary line, corresponding
to the lateral skin curvature of the breast, and later-
al to the pectoralis free edge, a 10-mm port is estab-
lished in the 4th intercostal space. We make the in-
cision in line with the outer curvature of the breast.
This will later serve as the single drain tube site.

Axillary Port

Just below the axillary crease, in the 2nd intercostal
space at the mid axillary line, a 5-mm port is insert-
ed. This will only be used for hook diathermy and
5-mm endoscopic grasper, and therefore does not
need to be any larger.

Anatomy

Unlike the sternotomy approach, the mediastinum is
seen side-on, which actually affords a better view of
the anterior mediastinum as a resectable compart-
ment (Fig. 22.3). The anatomical landmarks on the
video screen image are as follows:
— Top of screen: Pleural reflection medial to the in-
ternal thoracic vessels.
— Left of screen: Arc of internal thoracic vein and
origin of superior vena cava.
— Right of screen: Diaphragm and pericardial fat pad.
— Bottom of screen: Right phrenic nerve and peri-
cardiophrenic vessels.
Thymic vein anatomy is not particularly constant.
The most common variants are a single vein, which

Fig.22.3 Endoscopic view of thymic anatomy from the right
side [17] (reproduced with permission from Springer-Verlag)
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drains both lobes in a Y-fashion to the left brachio-
cephalic vein, or two separate veins draining direct-
ly into the brachiocephalic vein [18]. A third vein is
not uncommon, and veins may drain into the SVC or
right internal thoracic vein from the right lobe and
into the left internal thoracic from the left lobe [19].
On one occasion we encountered six discrete veins
from the thymus in a patient with other cardiovas-
cular anomalies.

Dissection

With the 30° telescope held by the assistant, alternat-
ing between the submammary and lateral port, the sur-
geon uses a sponge holder or laparoscopic grasper and
hook diathermy to commence the pleural incision me-
dial to the internal thoracic vessels. This is continued
as close to the diaphragm as possible. At the apex of
the pleura, the incision is curved inside the internal tho-
racic vein course to stop short of the superior vena ca-
va and phrenic nerve. An incision is then made paral-
lel to the phrenic nerve down to the attachment of the
mediastinal pleura to the pericardium. This attachment
is divided and followed down to the diaphragm, where
this incision is joined to the previous pleural incision.
This leaves a large disc of pleura to contain the thymus
and anterior mediastinal fat as a block.

A peanut swab and diathermy are then alternated
to detach the anterior mediastinal fat from the un-
derside of the sternum. This is continued well into the
sternal notch. The same maneuvers are then used to
separate the thymus from the pericardium. If a thy-
moma is being resected, extra care should be taken
to exclude invasion of pericardium. A disc of peri-
cardium can be excised if in doubt about a small area,
but our practice is to perform a sternotomy or thora-
cotomy if broad-based frank invasion is encountered.

The confluence of the brachiocephalic veins that
constitute the origin of the superior vena cava is then
dissected with a peanut. Nodal tissue can be swept
on to the specimen from under the internal thoracic
vein. The left brachiocephalic vein is then identified
and is carefully skeletonized anteriorly and inferior-
ly. Usually the right cervical thymic horn can then be
teased down into the mediastinum by dividing the
fascial coverings and areolar tissue and pulling care-
fully “hand over hand” with two graspers. This
should expose the thymic vein or veins after further
dissection. A multiple firing endoscopic clip applier
is then used to double clip the thymic vein(s) proxi-
mally. Care must be taken not to injure the brachio-
cephalic vein or an additional thymic vein by acci-
dentally cutting beyond the clipped vein. The left cer-

Table 22.1 Summary of surgical steps

1 Introduce ports
Submammary (25mm), AAL/3rd ICS (10mm),
MAL/2nd ICS (5mm)

2 Divide mediastinal pleura medial to internal thoracic
vein

3 Divide pleura 1cm anterior to phrenic nerve then
along attachment to pericardium
Brush anterior mediastinum off back of sternum

5 Divide pleural fat near diaphragm and sweep right
thymic lobe off pericardium

6 Dissect nodes at brachiocephalic confluence onto
mediastinal specimen

7 Skeletonise left brachiocephalic vein and extract
right thymic horn from the neck

8 Identify and double clip thymic vein(s)

9 Open left mediastinal pleura medial to left internal
mammary vein

10 Sweep left thymic lobe off pericardium
11 Extract left thymic horn

12 Dissect left brachiocephalic nodes onto main spec-
imen

13 Complete the division of left pleura to release the
specimen

14 Insert specimen bag beside telescope in submam-
mary port

15 Extract thymus via submammary port

16 Washout blood and place 24 French drain across me-
diastinum via 10mm port

17 Close submammary incision

vical horn can be pulled down at this time or delayed
until the left lobe has been fully mobilized.

The left pleura is identified and deliberately
opened in analogous fashion to the right side. This
is commenced towards the diaphragm end and pro-
ceeds toward the neck by dividing the pleura medi-
al to the left internal thoracic vessels. The reflection
at the pericardium is similarly divided. The area
around the termination of the left internal thoracic
vein is the most difficult area to dissect during this
procedure. It is best approached progressively from
both the medial side after taking down the left cer-
vical thymic horn, and from the caudal direction, tak-
ing care not to injure the vessel itself (Table 22.1).

Extraction

Once the thymus and mediastinal block is free, it is
placed in an EndoCatch (Covidien, USA) or similar
specimen retrieval system and removed via the sub-
mammary port (Fig. 22 4). After washout, blood should
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Fig.22.4 Operative specimen for myasthenia gravis patient
[17] (reproduced with permission from Springer-Verlag)

be diligently aspirated from the right posterior pleural
cavity. The drain itself is placed across the anterior me-
diastinum and will not clear this well, especially if clot-
ted. A 24 French-sized intercostal catheter is placed
through the lateral 10-mm port and manipulated so that
its tip is just in the left pleural cavity, with side holes
under the sternum. The submammary incision is closed
by approximating the pectoralis muscle (size 1 ab-
sorbable suture), then subcutaneous fascia (size 2/0
absorbable suture), and then skin with a subcuticular
suture (size 3/0 or 4/0 absorbable suture).

Postoperative Care

Usually the drain tube is removed on the following
day, and the patient discharged to home on the day
after that. If the patient is symptomatic from myas-
thenia, hospitalization may have to be tailored to the
patient’s neuromuscular status. Occasional patients
have required inpatient plasma exchange or gamma-
globulin therapy. Ventilated intensive care support is
not required except for patients with severe general-
ized or respiratory myasthenia, who have not re-
sponded to maximal preoperative therapy including
plasma exchange.

Results of VATS Thymectomy

We have previously published our results of VATS
thymectomy for 26 cases of myasthenia gravis [7].
We have now performed 100 VATS thymectomies for
nonthymomatous myasthenia (57), thymic tumors
with/without myasthenia (16/10), diagnostic purpos-
es (13), parathyroid adenomata (2), and teratoma (2).

Our Melbourne group now has long-term follow-
up on 71 myasthenic patients who have had right-
sided VATS thymectomy. Clinical improvement was
achieved in 63 of 71 cases (89%), with 2 unchanged,
1 worse, 3 lost to follow-up, and 2 interim deaths. The
crude asymptomatic rate (sum of complete remission,
pharmacologic remission and minimal manifestation)
was 39 of 71 patients (55%). Long-term complete re-
mission rate for nonthymomatous myasthenia gravis
was 41.2% at 8 years using Myasthenia Gravis Foun-
dation of America [9] criteria (Fig. 22.5).

The 26 thymic tumor cases of various subtypes
included one squamous cell carcinoma that had an
R1 resection. One other patient with invasive thy-
moma (B2) had an R1 resection despite sterno-tho-
racotomy and partial resection of SVC. Both of
these and all patients with capsular invasion had
postoperative radiotherapy.

Five VATS thymectomies in our series had con-
version to open surgery (3 right thoracotomies, 1
sternotomy, and 1 sterno-thoracotomy), 3 for bleed-
ing, 1 for technical difficulty early in the series, and
1 for unexpected invasive thymoma. One case start-
ed as a right-sided VATS required completion by left-
sided VATS approach to avoid injury to the left
phrenic nerve, and 1 patient had left-sided VATS (for
tumor) from the outset.

The most serious complications have been
phrenic nerve palsies in 4 patients. In 2 patients re-
covery occurred spontaneously within a month. In 1
patient the left phrenic nerve was divided during left-
sided VATS to remove a tumor, and the fourth had
failed to recover at most recent follow-up. Postoper-
ative pleural and/or pericardial effusions occurred in
3 patients. These were all treated with simple
drainage, and then two of the patients were given a
pulse of steroid therapy due to raised inflammatory
markers. A single case of chylothorax after thymo-
ma resection was treated successfully with VATS
pleurodesis and dietary fat restriction.

] 2 4 (] 8 10
Years Post Thymectomy

Fig. 22.5 Kaplan-Meier curve of cumulative complete
symptomatic remission
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Summary

VATS thymectomy is a technically demanding pro-
cedure that requires advanced minimally invasive
surgery training as well as specific training for the
procedure. The right-sided approach is relatively
easier due to the larger operating space and the nat-
ural curve of the brachiocephalic vein leading
straight to the thymic veins. While it can be used to
deal with almost all cases, the surgeon must decide
when to employ a left-sided VATS approach, cervi-
cal approach, or sternotomy, depending on the indi-
cation, anatomical/pathological factors, and the pa-
tient.

The efficacy of the right-sided approach appears
similar to sternotomy approach, with less blood loss,
less requirement for narcotic, and less deleterious ef-
fects on pulmonary function.
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Introduction and History

The left thoracoscopic thymectomy enhanced by the
use of robotic system “Da Vinci” allows for a com-
plete removal of thymus and perithymic fat tissue.
We adopted this technique to perform the thymecto-
my in patients affected by nonthymomatous myas-
thenia gravis, and although it can be safely applied
in patients with small thymoma, we prefer a standard
sternotomic approach for Masaoka stages II to IV
thymoma.

Since 1941, when Blalock [1] first reported re-
sults of transsternal thymectomy in patients affected
by MG, thymectomy has played a significant role
constituting a widely accepted therapeutic option in
the integrated management of MG.

Multiple techniques have been described to re-
move the thymus in MG: transcervical thymectomy
(basic or extended) [2], video-assisted thoracoscop-
ic thymectomy (VATS) [3-5] (classic or extended),
transsternal thymectomy [6] (standard, extended, or
maximal), infrasternal mediastinoscopic thymecto-
my [7].

Basic techniques for thymectomy enable a rad-
ical resection of the thymic gland through a single
surgical approach; extended techniques associate
more than one access (i.e., transcervical plus
transsternal incision for maximal thymectomy pro-
posed by Jaretzki [8]): the rationale of extended
techniques is to obtain a complete resection of the
visible thymus, the suspected thymus, and cervical-
mediastinal fat tissue (in which microscopic foci of
thymic tissue may be contained) using a wide ex-
posure.

In the last decade growing interest in minimally
invasive surgical techniques has developed. They
have also reduced patient morbidity and mortality,
infection rate, postoperative hospital stay, and pain
medication; moreover, better cosmetic results have
led to a greater acceptability of these surgical pro-
cedures. Recently, robotic surgery has affirmed itself
as an evolution of VATS allowing surgeons to over-

i Robotic Techniques

come some limitations of classic thoracoscopy (2-
D view, limited maneuverability of endoscopic in-
struments).

The first surgical application of robotic tech-
nique was described by Loulmet and Reichenspurn-
erin 1999: they performed a coronary by-pass [9-10].

Subsequently, robotic instruments were applied in
other fields too and, in 2001, Yoshino [11] described
the first robotic thymectomy in the treatment of
small thymoma.

In 2003, Ashton [12] and Rea [13] published a
case report on robotic thymectomy in MG using two
different approaches: the former surgeon from Co-
lumbia University adopted a right-sided approach
with completion of the operation through a left-sided
approach; the latter, from the University in Padua,
used a left-sided approach only. In 2006, Rea et al.
[14] reported the first large series of robotic thymec-
tomies.

Description of the “Da Vinci” Robotic System
The “Da Vinci” robotic system consists of an er-
gonomically designed surgeon’s computerized con-
sole, a vision system, and a patient-side cart that sup-
ports the interactive robotic arms (Fig. 23.1).

The surgeon controls the system sitting at the
computerized console far from the patient. The con-
sole is connected to the video system and to the ro-
botic-side cart, and it represents the interface be-
tween surgeon and robotic system (master/slave sys-
tem). The surgeon sees the operative field through a
binocular localized in the upper part of the console;
an infrared system disables the commands when the
surgeon is not present. The surgeon’s fingers grasp
the master controls below the display and realize the
movements of robotic instruments. The system trans-
lates the 3-D movements of hands and fingers into
precise, identical, and real-time movements of sur-
gical instruments inside the patient. A support makes
the movements comfortable and is furnished with
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Fig. 23.1a-c The three components of “Da Vinci” robot.a The surgeon’s console: the surgeon sits at the console far from
the patient. He sees the operative field by the binocular and moves the endoscopic instruments by the master controls.
b The video system with all components, and c the patient-side cart that supports the robotic arms (reproduced from [15]

with permission of Springer-Verlag ltalia)

several buttons for the regulation of various functions
like the type of vision (2-D or 3-D view) or the type
of optic (0°-30°). Moreover, the system is equipped
with a tremor filtering that allows for extremely pre-
cise movements. At the bottom of the console a se-
ries of 5 pedals permits other controls such as the ac-
tivation of electrocautery, the variation of focal point
of the camera, etc.

The vision system contains the video compo-
nents: a monitor that allows the personnel in the
operating room to view the intervention, and two
boxes for control of the video camera and for the bal-
ancing of luminosity and contrast of the image. A
system for the supply of CO, and its intracavitary
pressurization can be placed in this tower.

The patient-side cart supports the three or four
arms of the robot: the central arm holds the 12-mm-
diameter optic. The cylinder contains two distinct
optics of 5 mm both equipped with 3 microcameras
and their video signal is transferred to the console
where the computer synchronizes the information
and creates a virtual 3-D image of the operative
field.

The left arm is connected with an atraumatic En-
doWrist, while the right arm is connected with the
electrocautery. The surgical instruments are articu-
lated with the main arm and they are designed with
seven degrees of motion and a 360° rotation, which
mimics the dexterity of the human hand and wrist.

Operative Technique

The patient is under general anesthesia and has a
double-lumen endotracheal tube for selective single
lung ventilation during the time of operation.

In the surgical room the patient is positioned left
side up, 30° upon a bean bag. The right arm is posi-
tioned along the body and the left arm is positioned
on a support parallel to the bed; in this manner the
axillary region is easily exposed (Fig. 23.2).

Fig.23.2 The patient is positioned on the surgical table and
the accesses for the ports are evidenced
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The robotic console is positioned far from the pa-
tient in the operating room; the video column is at
the bottom or at the top of the bed depending on the
preference of the assistant. The robotic cart is posi-
tioned on the right side of the bed with a 45° angle.
The arms of the “Da Vinci” surgical system are
placed as follows: a camera port for the 3-D 0° stereo
endoscope is introduced through a 15-mm incision
in the 5th intercostal space in the anterior portion of
midaxillary region; two additional thoracic ports are
inserted through two additional 5-mm incisions in the
5th intercostal space on the midclavicular line and in
the 3rd intercostal space on the anterior portion of
midaxillary region (Fig. 23.3a).

Two arms of the Da Vinci system are then at-
tached to the two access points and another arm is
attached to the port-inserted endoscope. The left
arm has an EndoWrist instrument that grasps the thy-
mus; the right arm is an Endo-Dissector device with
electric cautery function used to perform the dissec-
tion (Fig. 23.3b).

During surgery the hemithorax is inflated through
the camera port with CO, ranging in pressure from
6 to 10 mmHg. CO, inflation is very useful to obtain
a clear view within the chest and to allow an easier
dissection as it extends the mediastinal space.

After careful exploration of the mediastinal pleur-
al space, the dissection of the fat tissue starts inferi-
orly at the left pericardiophrenic angle.

The thymic gland is then divided from the ret-
rosternal area and the left inferior horn of the thymus
is subsequently isolated and dissected from the peri-
cardium.

At the top of the mediastinum, the pleura is incised
in the area delimited by the mammary vessels in the an-

terior limit and by the phrenic nerve in the posterior
limit. At this point the lower part of the thymus is mo-
bilized upwards and thymic tissue is dissected from the
plane of the aorto-pulmonary window. The dissection
continues on the right side with the visualization of the
right mediastinal pleura and the right inferior horn.

The isolation proceeds up to into the neck until
the superior horns are identified and divided from the
inferior portion of the thyroid gland by a blunt dis-
section.

The innominate vein is identified and the dissec-
tion continues along the border of the innominate
vein up to the point where the thymic veins are iden-
tified, clipped, and divided (Fig. 23.4). Through the
left access it is also possible to remove the fat tissue
in the aorto-pulmonary area (in which ectopic thymic
isles can be present) behind the left phrenic nerve,
avoiding the risk of nerve injury.

Fig.23.4 The thymic vein is easily and safely clipped by a
clips applicator

Fig. 23.3a,b aThe thoracic ports are placed after the identification of the 5th and 3rd intercostal space and the arms of
the “Da Vinci” surgical system are attached to the ports and are operative. b Endoscopic view of robotic instruments at-
tached to the arms:an EndoWrist on the right arm and an electrocautery on the left arm (reproduced from [15] with per-

mission of Springer-Verlag Italia)
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Fig. 23.5 Surgical specimen: the thymic gland and medi-
astinal fat are removed en-bloc

The thymus gland, the anterior mediastinal, and
the neck’s fatty tissue are radically resected (Fig.
23.5) and the specimen is placed in an Endo-Bag so
it can be removed by trocar incision. After the he-
mostasis, a 28F drainage tube is inserted through the
wound of the 5th intercostal space; the lung is rein-
flated, and the other wounds are closed.

The patient is extubated in the operating room
and, subsequent to an adequate period of observation,
returns to the surgical thoracic ward.

The chest drainage tube is removed 24 h after
surgery and, if neurological evaluation is satisfacto-
ry, the patient is discharged 48-72 h after surgery.

Results

Between April 2002 and December 2007, 65 patients
underwent thoracoscopic thymectomy with the “Da
Vinci” surgical system at the Division of Thoracic
Surgery of Padua. Mean operative time was 120 min-
utes (ranging from 60 to 240 minutes); no intraop-
erative mortality or complications were experienced;
no conversion to median sternotomy and no more ac-
cesses were required. Postoperative complications
occurred in three cases (4.6%): one patient had a
chilothorax, two patients had a hemothorax caused
by bleeding from one access, and both were treated
conservatively. Mean time of hospitalization after
surgery was 2.5 days (range from 2 to 14 days). In 4
patients histological exam revealed a small (<2 cm)
thymoma (Masaoka stage I). All patients judged the
cosmetic result as excellent. Clinical results on the
first 54 patients with a minimum follow-up of 1 year

showed a complete remission in 22.2% of cases and
an improvement in 64.8%, for a global benefit rate
of 87%.

Conclusions

Thymectomy for MG patients has proven to be an ef-
fective therapy leading to good clinical results in
terms of improvement or complete remission of
symptoms.

The technique of VATS thymectomy has been
performed successfully using the left- or right-sided
approach. This approach combines the advantages of
minimally invasive techniques (fewer complications,
minimal thoracic trauma, early improved pulmonary
function, a shorter recovery period, and optimal cos-
metic results) and an excellent view of the anterior
mediastinum, so that an extended thymectomy can be
performed, similar to the one in the transsternal ap-
proach.

Disadvantages of the VATS technique include a
2-D view of the operative field and the fact that the
arms do not articulate, making it difficult to operate
in the mediastinum. The development of robotic
systems in recent years has permitted surgeons to
overcome these limitations. The “Da Vinci” robotic
system is equipped with a camera device that allows
an intuitive, enhanced 3-D vision of the operative
field. The surgical EndoWrist articulates and rotates
360° with a full 7° of freedom; the scale motion with
a system for tremor filtering makes the maneuvers
more precise. All these characteristics improved, in
our experience, the surgical dissection, making it eas-
ier than conventional VATS, particularly in remote,
fixed, and difficult-to-reach areas of the neck and
mediastinum, and enabling a safe and comfortable
dissection of vascular and nervous structures. We
prefer the left-sided approach as it offers a perfect vi-
sualization of the aortic window and reduces the
probability of phrenic nerve injury, with a direct vi-
sion of the left phrenic nerve, while the right phrenic
nerve is partially protected by the superior vena ca-
va. The initial high cost of the robotic system is eas-
ily recovered if the robotic instrumentation is used
in several different surgical specialties, as in our hos-
pital. Another disadvantage of robotic surgery is its
current lack of tactile feedback, but this is compen-
sated by the superior image of the 3-D camera. The
learning curve associated with robotic technology
could be considered a disadvantage, but learning
curves are part of any new technology and, in our ex-
perience, determined only an initial increased oper-
ative time.
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Introduction

The superior vena cava (SVC) originates from both
brachiocephalic veins and returns the blood of upper
half body into the right atrium. When the obstruction
of SVC happens, blood stasis develops in the head,
neck, and upper extremities, then the superior vena
cava syndrome (SVCS) shows up. Most of the time,
SVCS is associated with malignancies, such as ad-
vanced lung cancer, thymic tumors, metastatic solid
tumors, and so on [1]. This chapter is dedicated to
discussing the treatment, especially the complex sur-
gical interventions, for SVCS.

Anatomy and Collateral Pathways

SVCis a thin-walled low-pressure vascular, unioned
by both of the brachiocephalic veins, and descends
anterolaterally to the trachea to reach the right atri-
um. There are some collateral pathways of the SVC
system, and when SVCS happens, they will exert an
important compensated function to return the blood
from the upper body to the heart through the inferi-
or vena cava system. The azygos vein is one of the
most important collateral pathways when SVCS
shows up, especially when the obstruction is distal
to the azygos-SVC junction. The other collateral
pathways include the internal mammary veins and
superior intercostals veins, both of which, like the
azygos vein, can return the venous blood from the
upper body into the inferior vena cava (IVC) [2].

Causes of SVCS

SVCS is usually associated with advanced malignant
tumors, which account for more than 90% of pa-
tients. Of these, lung cancer is the most common
(more than 50%). Other tumors include mediastinal
tumors, and metastatic disease from carcinoma of
breast, colon, kidney, and so on. SVCS associated

oz Complex Surgical Interventions
in Superior Vena Cava Syndrome

with thymoma is rare (about 4%). About 5-10% of
SVCS are caused by benign disease, such as ret-
rosternal goiters, thrombosis of the SVC and sub-
clavian vein, aortic aneurysms, benign teratomas, and
so on [2].

Clinical Presentations

Common clinical presentations of SVCS include
dyspnea, swelling of face, neck, and upper extremi-
ties, cough, headaches, and dizziness. Uncommon
symptoms include chest pain, dysphagia, weight
loss, hoarseness, and so on. Physical examination
may show edema of the head, neck, and upper tor-
so, dilated superficial veins, sometimes cyanotic or
flushed skin over the neck, anterior chest wall, and
upper extremities [2]. The severity of such clinical
presentations is mainly related to the rate of SVCS
progression and the extent of collateral venous path-
ways. Symptoms will be more significant in acute
obstruction and if there are no adequate collateral
pathways.

Diagnosis

Chest radiographs and CT scan can show the size
and location of the lesion, also the site of obstruc-
tion, and relationship with surrounding structures.
Contrast-enhanced CT scan can demonstrate the
level of obstruction and the development of collat-
eral vessels. Tissue diagnosis should be obtained
before initial treatment because the treatment strate-
gies and prognosis can be totally different from
each other according to the nature of the tumor [2].
Besides, their complete resection always necessi-
tates simultaneous resection of involved vital or-
gans, and such procedures carry relatively more se-
vere risks [3-5]. Fine needle aspiration is widely
used due to its minimal trauma and overall good ac-
curacy [6]. For the patients with enlarged peripher-



214 Z1.-D.Gu,K.-N.Chen

al especially supraclavicular lymph nodes, open
lymph node biopsy can be performed. Cervical me-
diastinoscopy is suitable for patients with malignant
anterior mediastinal tumors or enlarged mediastinal
lymph nodes. For patients whose thoracotomy is
warranted to get the pathological diagnosis, video-
assisted thoracic surgery (VATS) is preferred to for-
mal thoracotomy, which may produce disruption of
collateral venous pathways and worsening of symp-
toms [2].

Management

General Management

Initial treatment of SVCS generally includes oxygen
supplementation, elevation of the head and upper ex-
tremities to promote venous return, and diuretics to
reduce peripheral edema. Sometimes the steroids are
indicated to decrease laryngeal and cerebral edema
[2]. Because the main cause of the SVCS is malig-
nancy, comprehensive treatment that includes
chemotherapy, radiotherapy, and surgery are always
warranted. Although recent advances in diagnostic
techniques have led to more accurate preoperative
delineation and histologic diagnoses, determining the
appropriate treatment for such complicated tumors
accompanied with SVCS remains a challenge for
general thoracic surgeons [7, 8].

Surgical Management

For patients with thymic malignancies, the presenta-
tion of SVCS always indicates locally advanced dis-
ease which may have invaded surrounding tissues,
such as major blood vessels, pericardium, lung tis-
sue, and so on, which provide a great therapeutic
challenge. However, extensive resection is some-
times indicated, because it may permit long-term sur-
vival with good quality of life. Some authors be-
lieved that SVCS on its own is very rarely fatal, and
the prognosis of the patients mainly related to the his-
tological type and stage of the primary malignancy
[9]. Besides, some reports have suggested that en
bloc resection and reconstruction of the SVC is tech-
nically feasible and in some cases associated with
survival benefits [10, 11]. Chen et al. [3] suggested that
to prolong the survival of patients with invasive thymic
tumors (including malignant thymoma and thymic
carcinoma), patients should receive surgery to excise
tumor and involved organs. Funakoshi et al. [12]

also believed that surgery, based on chemotherapy
and radiotherapy, is effective for advanced invasive
thymoma. Curran et al. [13] suggested avoiding
postoperative radiotherapy if complete resection is
achieved with primary surgery. Although there are so
many positive points for the role of complex surgi-
cal interventions for the treatment of thymic malig-
nancies with SVCS, we should keep it in mind that
these published experiences are limited to a small
number of case reports and series, containing patients
who were highly selected for curative intent surgery.
These results suggested that extensive surgical re-
section is technically feasible, but the appropriate in-
dications for such efforts are often not well delin-
eated [14].

The surgical techniques usually used for the treat-
ment of patient with thymic malignancies accompa-
nied with SVCS included not only tumor resection
but also pericardium resection, lung tissue resection,
and angio-techniques. Angio-techniques may be the
most important, because they allow complete resec-
tion in persons who would not otherwise be consid-
ered candidates for surgery [3].

The additional angio-techniques which can be
used to achieve radical resection include ligation and
resection of invaded vein, partial lateral-wall resec-
tion of the SVC and simple angioplasty, partial re-
section of the SVC and angioplasty with a pericar-
dial patch, total resection of the SVC and both in-
nominate veins plus interposition of a single-lumen
artificial vessel, and total resection of the SVC and
both innominate veins plus reconstruction with a Y-
shaped artificial vessel (Fig. 24.1) [3]. Ligation and
resection of invaded vein is simple and safe in most
circumstances. Due to the slow growth of most
thymic tumors, along with the gradual invasion of
SVC and presentation of SVCS, the collateral path-
ways can work more and more efficiently to return
the blood from the upper body to the heart through
the IVC system. So, to this kind of patients, espe-
cially those with severe tumor invasion of the SVC
system, clamp of the SVC system during the oper-
ation can be tried, and if there is no sign of acute or
rapidly progressive SVCS, which indicates that the
collateral pathways are efficient for blood return, the
invaded vein can be ligated and resected safely. To
patients still with patent SVC, especially if the in-
volved vessel’s length is less than 2 cm and the cir-
cumference is less than half the size of the whole cir-
cle, the ligation and resection of SVC is not indi-
cated because it can always induce acute and
progressive SVCS. Partial lateral-wall resection of
the SVC and simple angioplasty are safe and easily
performed in such circumstances. If the SVC is still
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Fig.24.1a-e Angio-techniques in complex surgical inter-
ventions for patients with SVCS. a Total resection of the
SVC and both innominate veins and reconstruction with
aY-shaped artificial vessel. b Total resection of the SVC and
interposition with a single-lumen artificial vessel. ¢ Partial
resection of the SVC and/or innominate veins and angio-
plasty with a pericardial patch.d Left innominate vein was
removed and its distal end was ligated. e Partial lateral wall
of the SVC, innominate vein or both were directly resect-
ed and sutured [3] (with kind permission from Springer
Science+Business Media)

patent with the involved vessel’s length more than
2 cm and the circumference more than half the size
of the whole circle, resection of the SVC lateral
wall and repair with pericardium can be performed.
To patients with long-distance invasion of the SVC
and presentation of acute or rapidly progressive
SVCS after the SVC is clamped during the opera-
tion, the resection of the SVC followed by artificial
vessel interposition is suggested, which allows the
radical resection with the preservation of SVC pa-
tency (Figs. 24.2, 24.3) [3].

In angio-techniques, median sternotomy can
provide the best exposure of the anterior mediasti-
nal tumor, full length of the SVC and both innom-
inate veins. Surgeons should try to perform an en
bloc resection, including the involved vessels, to
decrease the possibility of tumor seeding, but if it
is hard to perform an en bloc resection, a fraction-
al resection can be considered. When exploring the
involved vessel, attention should be paid to tumor
emboli, keeping in mind the possible embolism or
metastasis. Anticoagulant therapy should be given
perioperatively, such as soaking artificial vessels in
heparin-salt water, taking eversion sutures to

Fig.24.2 Surgery for patient with SVCS who underwent tu-
mor resection + total resection of SVC + interposition with
“single-lumen” artificial vessel [3] (with kind permission
from Springer Science+Business Media)
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Fig.24.3 Surgery for patient with SVCS who underwent tu-
mor resection + total resection of SVC and of both innom-
inate veins + reconstruction with Y-shaped artificial vessel
[3] (with kind permission from Springer Science+Business
Media)

smooth the vascular inner wall, or using heparin
followed by aspirin postoperatively [3]. For the
graft, many biologic and synthetic materials, such
as autologous vein, autologous or bovine pericar-
dial tube, and expanded polytetrafluoroethylene
(ePTFE/Gore-Tex) tube have been reported [10, 15,
16]. Some authors prefer autologous spiral saphe-
nous vein graft or superficial femoral vein rather
than ePTFE for better graft patency [17]. Howev-
er, ePTFE has the advantage of being immediate-
ly available in length and caliber, and excellent
short-term and long-term results have been report-
ed [15, 16].
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Other Management

Endovascular Stent

If the life expectancy of the patient with SVCS is
short, endovascular stent is preferred to achieve SVC
patency, especially in patients who have severe
symptoms but are not surgical candidates. It can
achieve immediate resolution of symptoms within
24-48 h, and can be frequently repeated according to
the need, and does not adversely affect future open
surgical reconstruction [17]. Major complications in-
clude stent migration, cardiac failure and pulmonary
edema from sudden increase in venous return, SVC
perforation, and so on [18].

Conclusions

In conclusion, patients, especially tumor patients ac-
companied with SVCS, should be pathologically iden-
tified before initial treatment. Complex surgical inter-
ventions for the treatment of thymic malignancies that
require vascular resection and reconstruction for cura-
tive intent may permit long-term survival with good
quality of life. Endovascular stent is preferred for pa-
tients with severe symptoms but not surgical candi-
dates. Therefore, a good prognosis for patients with
thymic malignancies is possible if a suitable strategy
including complex surgical interventions is established.
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Introduction

Surgical resection is considered the gold standard for the
treatment of thymomas no matter what the histological
type. Even when complete resection is achieved, how-
ever, recurrence of thymoma is not uncommon as it oc-
curs in about 10-29% of patients. Recurrences affect
subsequent treatment and final outcome but there is still
no general consensus on how to manage them. Com-
plete resection of recurrences should be attempted
whenever possible to achieve long-term survival. When
complete resection is not feasible, an iterative debulk-
ing approach may improve survival by reducing the size
of these slow-growing tumors. Currently, a multi-
modality approach combining radiotherapy and/or
chemotherapy with surgery may be considered the best
treatment for thymoma recurrences.

State of the Art

Thymic tumors are relatively rare primary tumors
originating from the thymic epithelium with an over-
all incidence of 0.15 cases per 100,000 [1]. These tu-
mors include thymomas, thymic carcinomas, and
thymic carcinoids (or neuroendocrine carcinomas).
Thymomas represent by far the most common thymic
tumor and are the most frequent tumors of the anteri-
or mediastinum, accounting for about 20% of all me-
diastinal masses in the adult population. They are a
heterogeneous group of tumors that include capsulat-
ed and benign lesions as well as highly invasive and
malignant neoplasms (Fig. 25.1). Their heterogeneity
has led to some confusion in distinguishing their clin-
ical behavior and in identifying the most appropriate
therapeutic approach. After many years of discussion
on the prognostic accuracy of the Masaoka clinical
staging system (Table 25.1), new insights have been
offered by the recent WHO histological classification
system, which divides thymic tumors into six differ-
ent subtypes (A,AB,B1,B2,B3,and C), based on the
morphology of the epithelium cell component (Table
25.2). The WHO classification system establishes a
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Fig. 25.1 CT scan image showing massive sternal infiltra-
tion by a highly invasive thymic carcinoma

Table 25.1 Masaoka staging system

Masaoka stage Criteria

Stage | Macroscopically completely encapsu-
lated and microscopically no capsular
invasion

Stagelll Macroscopic invasion into surround-
ing fatty tissue or mediastinal pleura, or
microscopic invasion into capsule

Stage lll Macroscopic invasion into neighbor-
ing organ, i.e., pericardium, great ves-
sels, or lung

Stage IV a Pleural or pericardial dissemination

Stage IV b Lymphogenous or hematogenous

metastasis

Table 25.2 WHO histological classification system

WHO Description

Type A Spindle cell, medullary

Type AB Mixed

Type B1 Lymphocyte-rich,“organoid,” predomi-
nantly cortical

Type B2 Cortical

Type B3 Epithelial, atypical, squamoid, well-dif-
ferentiated thymic carcinoma

Type C Thymic carcinoma
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more reliable correlation between the histological pat-
terns and the clinical course of the disease, thus im-
proving the prognostic value of the clinical Masaoka
staging system. Studies applying the WHO classifica-
tion retrospectively have demonstrated that not only the
tumor stage but also the histological subtype could be
considered independent prognostic factors [2-4].

Currently the majority of thymomas are consid-
ered low-grade malignant tumors with a slow-grow-
ing and indolent natural history. However, even if the
clinical course is generally benign, these tumors are
able to induce local and regional invasion. Up to 33%
of thymomas behave aggressively, penetrating the
capsula and extending into the mediastinal fat and
adjacent organs such as the pleura, pericardium,
lung, chest wall, and great vessels. Typical findings
are drop metastases into the homolateral pleura and
pericardium, whereas lymph node and hematogenous
metastases are rare [5-7]. Invasive thymomas may al-
so infiltrate the diaphragm and overrun into the ab-
domen as well as the retro peritoneum space [8].

Surgical resection is considered the gold standard
for the treatment of thymomas no matter what the his-
tological type [9-12]. The mainstay of thymoma treat-
ment is to achieve complete macroscopic resection and
microscopic clearance, by removing en bloc all the in-
volved tissue. Several studies have already demon-
strated that complete resection of thymomas has a
significantly favorable effect on long-term outcome
[13-15]. In their retrospective analysis, Strobel et al.
[16] found that long-term survival was related to
completeness of surgical resection and evidence of
recurrence as well as Masaoka tumor stage and WHO
histological subtype. However, variables such as pa-
tients’ age, sex, presence of myasthenia gravis (MG),
and tumor size were not statistically correlated with
survival.

Recurrence of thymoma is not uncommon even
when complete resection is achieved and a long-term
follow-up should therefore be envisaged. Thymoma
recurrences occur in about 10-29% of patients [17, 18],
who therefore require further treatment. Most recur-
rences occur in the thoracic cavity. In 1997, before the
introduction of the WHO classification, Regnard re-
ported a 10% recurrence rate in a series of 285 patients
who had undergone complete thymoma resection.
Most of the recurrences were intrathoracic and re-
sectable; only two patients had concomitant extratho-
racic metastases [15]. Local recurrences may occur in
early stage thymoma patients (mainly Masaoka stage
I and IT) who do not have adjuvant treatment after ini-
tial surgery. This reveals that recurrences are likely to
occur where microscopic tumor residuals are left in
place during surgery [15]. Pleural, pericardial, and pul-

monary metastases are more frequent in stage III and
IV thymomas even if patients have been treated post-
operatively with mediastinal radiation therapy since
radiation is able to prevent local mediastinal recur-
rences but obviously not pleural and pulmonary
metastases. Histological subtyping has generated an-
imated discussions during the last decade and it has
recently been suggested that the cortical differentiation
of the tumor is related to a higher degree of malig-
nancy and consequently with a worse survival. In their
retrospective study, Ciccone and Rendina [19] report
that all the recurrences in their series occurred in cor-
tical differentiated thymomas (B1, B2, and B3 subtype
according to the WHO histological staging system),
which may point to an adverse prognostic role of these
histological subtypes. Besides, a histological change
was noted between primary tumors and the recur-
rences in about 45% of the patients, mainly towards a
higher malignancy, within the cortical differentiation
subtypes [19]. Wright et al. [20] showed that recur-
rence rate, correlated with WHO tumor type, was re-
spectively 27% for B2 thymomas and 50% for B3,
demonstrating that WHO and Masaoka stage systems
were independent predictors of relapses.

As thymomas are infrequent tumors, there is as yet
no well-defined approach to the management of their
recurrences, due to the small number of patients in pub-
lished series [11, 13-15, 21]. Regnard et al. [15] em-
phasized that the best therapeutic approach for thymo-
ma recurrences was difficult to determine, as no con-
trol group was available for comparison. Ruffini et al.
[13] demonstrated that the best option for long-term
survival was complete surgical resection of recur-
rences. When resection was necessarily incomplete, it
was related to a poor prognosis even if followed by ra-
diation. Haniuda et al. [20] suggest that an iterative de-
bulking approach should be attempted if complete re-
section is not feasible, to reduce tumor size and improve
survival, considering the slow growth of these tumors
[21]. Conflicting results are reported by Okumura et al.
[22] who found that the overall 10-year survival rate in
their reresected patients was significantly higher than
in the patients in whom surgical treatment was not per-
formed. Increasingly gaining consensus is the convic-
tion that early stage tumors (stage I) are successfully
treated by surgery alone whereas a multimodality treat-
ment is the best approach for unresectable and ad-
vanced stage thymomas (stage III or IV), as well as for
tumors with a cortical subtype differentiation and for
patients with recurrences. Shin et al. [23] showed that
locally advanced and unresectable thymoma could be
effectively treated by an aggressive multimodal treat-
ment. In a multicenter study Loehrer et al. [24] demon-
strated a 50% response rate to chemotherapy treatment
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in patients with metastatic or recurrent thymomas. Gi-
accone et al. [25] had similar results. Ciccone and Ren-
dina [19] suggest that adjuvant therapy should also be
given to stage I and II thymomas with cortical subtype
differentiation, which usually have a poorer prognosis,
to decrease recurrence rate and to ensure a longer-term
survival. Thymic tumors are sensitive to chemothera-
py with a response rate ranging from 30% to 60% in
metastatic patients [26]. Chemotherapy may therefore
play an important role both as neo-adjuvant treatment
for inoperable patients and as adjuvant therapy to im-
prove the long-term, disease-free survival rate for pa-
tients who have already undergone surgery. Thymomas
are also radioresponsive and radiation may be consid-
ered an effective adjuvant therapy that improves local
tumor control and survival in patients with invasive thy-
moma [27]. Postoperative radiotherapy in stage I1I and
IV thymomas has shown a 50-20% reduction in the re-
currence rate although its effectiveness in stage II pa-
tients is still under discussion [28]. Preoperative and
primary radiation alone has not been found to be a valid
approach to advanced disease [28].

Recently, new noncytotoxic treatments have been
found to be effective in patients with progressive dis-
ease [26]. Therapies with corticosteroids for instance
have shown a tumor response in patients with advanced
disease particularly when combined with chemother-
apy [29]. Palmieri et al. [30] reported complete remis-
sion of patients affected by thymomas and pure red cell
aplasia using octreotide, a synthetic octapeptide so-
matostatin (SST). On the other hand, interleukin-2 has
had a positive response only in phase I studies [31].

In conclusion, multimodal therapies that combine
radiotherapy and chemotherapy with surgery, when

feasible, are today widely accepted as the best treat-
ment for thymoma recurrences and unresectable ad-
vanced thymomas.

Our Experience

We reviewed the records of 81 patients who under-
went surgical resection for thymoma in our Unit from
January 1994 to December 2007. Fourteen of the 81
patients had a tumor recurrence. Three of these pa-
tients were not eligible for reoperation because of
their poor performance status. They have therefore
been excluded from the present study. The remaining
11 patients underwent surgical resection. All 81 pa-
tients were classified on the basis of the Masaoka clin-
ical staging system and the recurrence rate was 7%
for stage I, 6% for stage I1,46% for stage 111, and 14%
for stage IV. The histological specimens (primary and
recurrent tumors) of the 11 reoperated patients were
retrospectively reviewed and reclassified according to
the WHO histological classification system.

At the time of the initial operation, 2 of the 11 pa-
tients who developed recurrences were stage [ (18%),
2 stage II (18%), 6 stage III (55%), and 1 stage IV
(9%). When reclassified according to the WHO his-
tological staging system, no patients had type A thy-
moma, 2 had type AB (18%), 1 type B1 (9%), 4 type
B2 (37%), 3 type B3 (27%), and 1 patient (9%) had
a thymic carcinoma (type C). Two patients with a lo-
cally advanced thymoma (stage III and IV) received
neo-adjuvant chemotherapy at the time of the first
operation. All 11 patients had a radical thymoma re-
section (Tables 25.3, 25.4) and adjuvant treatment

Table 25.3 Group | patients (underwent surgery for thymoma and developed only one recurrence)

Initial surgery for thymoma Recurrence of thymoma
N Year Surgical Extention Radicality Adjuvant Year Surgical Extention Radicality Adjuvant
approach of disease therapy approach of disease therapy
1 1983 Thor Med fat + None 1998 Sternot Med fat + None
2 1993 Thor Intracapsular + None 2006 Sternot Peri + RT
3 1999 Sternot Pleura + RT 2003 Thor Lung + CT+RT
4 1999 Sternot Pleura + cT 2006 Thor Lung + None
5 2003 Sternot Peri + lung + RT 2007 Thor Chest wall + cT
+ diaph + pleura
+ med fat
2004 Sternot Med fat + RT 2007 Thor Lung + None
7 2006 Sternot Chest wall + CT+ 2007 Thor Lung + cT
RT + tomo (sequential
thor)
8 1972 Thor Intracapsular + None 2007 Sternot Lung + + Delayed for
peri pulmonary
+ an vein embolism
thor, thoracotomy; sternot, sternotomy; med fat, mediastinal fat; peri, pericardium; diaph, diaphragm; an vein,anonymous vein;
CT, chemotherapy; RT, radiotherapy; tomo, tomotherapy
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Table 25.4 Group Il patients (underwent surgery for thymoma and developed more than one recurrence)

Initial surgery for thymoma Recurrence of thymoma
N Year Surgical Extention Radicality Adjuvant Year Surgical Extention Radicality Adjuvant
approach of disease therapy approach of disease therapy
1 1986 Thor Pl + RT 1999 Laparos Diaph +- None tomo
2006 laparos kidney
2 1995 Thor Peri + RT 2004 Lamin Spine pl +--- ayea)
2004 thorthor +lung radiometa-
2004 thor-ph-  +diaph bolic none
2007 lapar supra-diaph
inf cava
3 1997 Sternot Peri + + RT 2002 Laparthor Diaph + ++4++- CTCTCT
med fat 2003 thorthor addacw + CT+RT
+lung 2004 thor peri + pl + tomo
2005 lung pl +
2006 lung cw +
diaph thor a +
lung + diaph
thor, thoracotomy; sternot, sternotomy; laparos, laparoscopy; lapar, laparotomy; lamin, laminectomy; thor + ph + lapar, thora-
cophrenolaparotomy; med fat, mediastinal fat; peri, pericardium; diaph, diaphragm; supra-diaph, supra-diaphragmatic; pl, pleu-
ra; cw, chest wall; add a, abdominal aorta; thor a, thoracic aorta; inf cava, inferior vena cava; CT, chemotherapy; RT, radiothera-
py; tomo, tomotherapy

was administered on the basis of tumor stage. Stage
I thymomas had no adjuvant therapy. Of the 2 pa-
tients with stage II thymomas, one had no adjuvant
treatment and the other had only mediastinal radio-
therapy. All stage III and IV patients had adjuvant
therapy: 5 had only radiotherapy, 1 chemotherapy,
and 1 chemotherapy combined with radiotherapy and
subsequently tomotherapy.

Mean time before recurrence was 156 months
(range 22 to 420 months). Nine recurrences were
asymptomatic and detected at follow-up; 1 recur-
rence was identified by the onset of chest pain and
1 by neurological symptoms. Two recurrences
(18%) had an associated MG. Eight recurrences

Fig.25.2 CT scanimage showing pericardial infiltration by
a thymoma recurrence

were confined to the intrathoracic cavity. Only one
patient had local mediastinal recurrence; the other 7
developed pleural, pulmonary, pericardial (Fig.
25.2), diaphragmatic, and distant thoracic recur-
rences (chest wall, thoracic aorta, and dorsal spinal
cord) (Fig. 25.3). Three patients had both intratho-
racic and extrathoracic metastases. The extrathoracic
metastases involved the thoraco-abdominal aorta,

Fig. 25.3 RMN image (fat saturated axial T1-weighted af-
ter GD injection) showing a thymoma recurrence with spinal
cord extension
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retroperitoneum (Fig. 25.4), liver, and the inferior
vena cava; all were amenable to surgical resection
(Tables 25.3,25.4).

All 11 patients underwent surgical reresection for
a total of 20 reoperations. Eight patients were only
reoperated once (Group I) whereas 3 patients had
multiple reoperation (Group II) (Tables 25.3, 25 4).
In Group II patients reresection was performed
twice in 1 patient with type AB (stage III) thymo-
ma, 4 times in 1 patient with type B3 (stage III) thy-
moma, and 5 times in a patient with type B2 thy-
moma (stage III).

Results

Resection of tumor recurrence was complete in the 8
patients who had a single reoperation. The overall 20
reresections entailed 3 median sternotomies, 12 pos-
terolateral thoracotomies, 1 laparotomy, 1 thoraco-
phreno-laparotomy, 2 laparoscopies, and 1 laminec-
tomy. Tables 25.1 and 25.2 summarize the clinical
evolution and treatment of the 11 patients studied.

In Group I, two stage I patients had tumor infil-
tration of the pericardium; in one of these the tumor
extended to the left lung and the anonymous vein.
One stage II patient only had a local recurrence
whereas the other stage II patient had a pulmonary
metastasis. Resections were radical in all stage I and
IT patients. Three patients with stage III thymomas
had a single recurrence with pulmonary metastases,
one of whom had bilateral pulmonary recurrences re-
sected by a sequential bilateral thoracotomy. Radical
resection was achieved in all patients.

In Group II, 1 patient with stage III thymoma had
a diaphragmatic recurrence followed by pararenal
metastasis; both recurrences were treated surgically.
The remaining two stage III patients developed 5 and

Fig. 25.4 CT scan image showing retroperitoneal recur-
rence of thymoma closely adherent to the right kidney

4 recurrences respectively (see Case reports 1 and 2
below). These recurrences often had multiple local-
izations and were simultaneously present in the tho-
raco-abdominal region: there were 5 metastases of
the diaphragm, 4 lung metastases, 3 recurrences of
the pleura, 3 of the great vessels (1 vena cava, 1 tho-
racic aorta, and 1 abdominal aorta involvement), 2
of the chest wall, 1 of the pericardium, and 1 spinal
cord invasion. All three patients had at least one in-
complete resection. The only stage IV patient devel-
oped pleural and chest wall recurrences which were
radically resected.

Patients were restaged after reoperation (Table
25.5). Ten out of the 11 patients with thymoma re-
currence had a clinical progression to Masaoka stage
IIT and IV regardless of the initial stage. The eleventh,
who was originally stage II, remained stable since the
recurrence only involved the mediastinal fatty tissue.
None of the patients had a histological progression of
the disease. Group I and II received different regi-
mens of therapy, based on the stage of disease, lo-
calization of recurrences, extent of infiltration, and
preoperative treatment (Tables 25.3, 25.4).

All of the 11 patients were alive at December
2007 with a mean follow-up of 40 months (range 1
month to 115 months) from the time of the first rein-
tervention. This includes the patients in Group II who
had an incomplete resection, all of whom are still
alive 144 months from the initial surgery.

Table 25.5 Clinical and histological progression of thymo-
ma recurrences

Initial surgery Recurrence
for thymoma of thymoma

Case Stage WHO Stage WHO
1 I B2 I B2
2 | AB 11l AB
3 M B2 v B2

4 Il C v C

5 v B3 \% B3
6 I B1 I\ B1
7 Il B3 v B3
8 | B2 11l B2
9 11l AB I\ AB
v AB
AB
10 1] B3 v B3
v B3
I\ B3
v B3
1 Il B2 v B2
I\ B2
v B2
v B2
1\ B2
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Case Reports

We report two extreme cases describing patients who
developed multiple recurrences and who subse-
quently underwent multiple surgical resections and
multimodality treatments.

Case Report 1

A 31-year-old woman underwent thymectomy and
partial pericardiectomy in 1995 in our Unit of Tho-
racic Surgery for a cortical thymoma infiltrating the
pericardium (stage III Masaoka; WHO B3) followed
by radiotherapy on the mediastinum.

Nine years after the primary operation (February
2004), she returned with neurological symptoms and
back pain. A total body CT scan showed a volumi-
nous mass localized in the posterior mediastinum
with an intraforaminal and intraspinal extension from
D7 to D11 associated with two other metastatic le-
sions, one of which was surrounding the inferior ve-
na cava and descending into the abdomen through the
diaphragmatic hiatus (Fig. 25.5). She underwent
emergency laminectomy and surgical resection of the
intraspinal portion of the lesion to prevent the onset
of neurological complications.

After 1 month (March 2004), the patient was
readmitted to hospital and underwent right thoraco-
tomy. Surgery disclosed micropulmonary nodules
which the previous chest CT scan had not revealed.
She therefore underwent debulking procedures on the
pulmonary, pleural, and diaphragmatic metastatic

Fig.25.5 CT scanimage showing a metastatic mass local-
ized in the posterior mediastinum with intraforaminal and
intraspinal extension from D7 to D11.Two other lesions are
evident, one of which surrounding the inferior vena cava
and descending into the abdomen through the diaphrag-
matic hiatus, and the other bordering on the liver

lesions. The pericaval lesion was left in place be-
cause the patient’s condition did not allow extensive
thoraco-abdominal surgery. She was therefore treat-
ed with adjuvant chemotherapy. However, not only
was there no improvement in the caval lesion at CT
scan 4 months later but there was obvious evidence
of multiple nodules involving the diaphragm and the
right costo-phrenic angle.

The nodules were removed through a transtho-
racic debulking procedure (July 2004). The patient
was then referred for radiometabolic therapy with oc-
treotide, which temporarily stopped the progression
of the lesion.

Three years after the last reoperation (July 2007),
a total body CT scan revealed that the pericaval le-
sion had increased in size (Fig. 25.6). As the patient
had reached a satisfactory overall condition, she was
scheduled for the surgical removal of the pericaval
lesion via right thoraco-phreno-laparotomy.

At December 2007, 12 years after the primary op-
eration, she is alive with a good performance status
although there is radiological evidence of disease in
the right hemithorax which has been scheduled for
resection.

Case Report 2

A 27-year-old woman was evaluated in our Unit of
Thoracic Surgery in November 1997 for a 6-cm mass
of the anterior mediastinum displayed at CT scan.
She underwent median sternotomy and radical re-
section of the mass. The tumor infiltrated the peri-
cardium, the left lung, and the left phrenic nerve. The
tumor was clinically Masaoka stage III and histo-
logically a cortical differentiated thymoma (WHO

Fig. 25.6 CT scan image showing a thymoma recurrence
located in the lower mediastinum interposed between the
inferior vena cava and the descending aorta
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B2). The patient received adjuvant radiotherapy on
the mediastinum after the primary operation.

Five years after initial surgery (May 2002), a to-
tal body CT scan showed an abdominal mass in-
volving the left crus of the diaphragm (Fig. 25.7)
and extending to the abdominal aorta. A transtho-
racic needle biopsy of the lesion revealed a recur-
rence of thymoma. The patient underwent surgical
resection, via laparotomy, which appeared to be
macroscopically radical. No adjuvant treatment was
scheduled.

One year after the first recurrence (May 2003),
CT scan revealed a 3-cm lesion localized at the car-
dio-phrenic angle. At thoracotomy disseminated nod-
ules were found on the pericardium, the left lung, the
left parietal pleura, and the left chest wall. All the vis-
ible nodules were radically resected and the patient
underwent subsequent chemotherapy.

One year after the second reoperation (December
2004), CT scan revealed intrathoracic recurrences.
The patient underwent a left rethoracotomy to re-
move multiple nodules in the left lower lobe and on
the chest wall.

One year later (September 2005), she developed
a recurrence localized on the left chest wall and in-
filtrating the diaphragm. She underwent a repeat left
thoracotomy to remove all the visible metastases and
was given chemo-radiotherapy.

After one year (December 2006) a total body CT
scan revealed a recurrence in the left hemithorax
with disseminated lesions involving the lung, the
diaphragm, and adherence to the thoracic aorta
(Fig. 25.8). As a macroscopically radical resection
was not accomplished, a tomotherapy was performed
on the remnants. Local control was achieved and in
December 2007, 10 years after the initial operation,
CT scan showed no progression of the disease.

Fig. 25.7 CT scan image showing left diaphragmatic crus
thymoma recurrence

Fig. 25.8 CT scan image showing a thymoma recurrence
strictly adherent to the thoraco-abdominal aorta

Conclusions

Surgical resection is the gold standard for the man-
agement of thymoma recurrences and should always
be attempted even if complete resection cannot al-
ways be achieved. Considering the indolent nature of
these tumors, an iterative debulking approach is al-
ways advisable to reduce the tumor size and improve
long-term survival. Early stage tumors (stage I) are
successfully treated by surgery alone and multi-
modality treatments are considered the best approach
for advanced stage thymomas (stage III or IV) and
for recurrences. Recent data suggest, however, that
adjuvant therapy might decrease recurrence rate and
ensure longer-term survival in patients with stage I
and II cortical subtype thymomas, which usually
have a poorer prognosis [19]. Neo-adjuvant chemo-
therapy is effective for inoperable patients and adju-
vant therapy such as chemo- and radiotherapy is re-
served for patients who have undergone surgery to
improve their long-term, disease-free survival rate.
Thus, since thymoma tumors are chemo- and ra-
diosensitive neoplasms, a neo-adjuvant or an adju-
vant therapy combined with surgery offers the best
management for recurrences and improves patient
outcome.
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Introduction

Thymic neoplasms are chemotherapy-sensitive tu-
mors with a 30-50% 5-year survival in previously un-
treated patients. Responses in small series have been
reported with single-agent doxorubicin, cisplatin,
etoposide, ifosfamide, and corticosteroids (Table 26.1).

It should be noted however that corticosteroids
and many chemotherapeutic agents are lympholytic;
shrinkage of thymic tumors with substantial lym-
phoid cell infiltration may reflect shrinkage of the
nonmalignant components of the tumors rather than
the malignant epithelial components. Of uncertainty
is whether combination chemotherapy regimens are
more effective than single agents; no prospective
comparisons have been conducted to date. Moreover,
a distinction has to be made in evaluating the results
of treatment between thymoma and thymic carcino-
ma, which presents more often with metastatic
spread and/or mediastinal invasion.

Locally Advanced Disease

When a tumor appears unresectable or resectable on-
ly at the cost of a great morbidity, then a combined
modality approach including induction chemothera-
py should be considered.

Neoadjuvant Chemotherapy Followed by Resection

A few studies have reported on the use of chemother-
apy followed by surgery with or without radiation
therapy for patients with clinically advanced disease.

Chemotherapy
in Thymic Neoplasms

In a study reported by Macchiarini and colleagues,
seven patients with clinically stage III invasive thy-
moma were given neoadjuvant cisplatin, epirubicin,
and etoposide. All seven patients subsequently un-
derwent surgical resection — four complete and three
incomplete. Two of the complete resections showed
no tumor on subsequent histologic exam [1].

One series of 16 patients with stage III or stage [Va
disease were treated with initial ADOC (doxorubicin,
cyclophosphamide, vincristine, and cisplatin) chemo-
therapy. All patients achieved a clinical response to
chemotherapy. Eleven patients had residual histologic
tumor and received postoperative radiation therapy.
The median survival of the entire group was 66 months
[2]. At MD Anderson Cancer Center 22 patients re-
ceived a modified PAC regimen plus prednisone as in-
duction therapy: 77% had a major response and 21 un-
derwent surgical resection followed by radiation in 19.
The 7-year overall survival was 79% [3]. In a series of
56 patients with locally advanced thymic tumours
treated with cisplatin, epidoxorubicin, and etoposide
followed by resection and radiotherapy between 1976
and 2003, Lucchi and coworkers obtained a 10-year
survival of 48% and 45.7% for stage III and IVA thy-
momas, respectively [4]. Recently the results of a sin-
gle institution experience in multimodality treatment of
thymic carcinoma were reported: out of 17 patients
treated with preoperative platinum-based chemothera-
py 10 (59%) achieved complete surgical resection
with a 5-year survival of 80% [5]. It has also been
shown that multimodality treatment of patients with
neoadjuvant chemotherapy, and surgery, followed by
additional adjuvant chemotherapy plus radiotherapy,
may improve the survival of patients with locally ad-

Table 26.1 Single agent chemotherapy in thymoma (cumulative data)

Agent N pts CR (%) PR (%) Durat resp (m) MS (m)
Cisplatin 48 18 23 1-24 13-24
Doxorubicin 3 - 66 - -
Ifosfamide 5 40 40 - -
Steroids 14 14 71 - -
CR, complete response; PR, partial response; MS, median survival
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vanced thymoma [6]. Although multimodality treat-
ment appears effective and may cure locally advanced
unresectable malignant thymoma, this is not without
risk, and severe postoperative bleeding requiring re-
operation has been reported following neoadjuvant
chemotherapy for stage III invasive thymoma [7].

Combined Chemotherapy and Radiation Therapy
for Unresectable Tumors

An intergroup study of patients with unresectable dis-
ease who received the PAC regimen (cisplatin, dox-
orubicin, and cyclophosphamide) followed by thoracic
radiation reported a 5-year survival rate of 52% [8].
Another similar study of 12 patients reported a 92%
response rate to the PAC plus prednisone regimen; all
patients received postsurgical radiotherapy. At 7 years
the overall survival was 100% with a 73% disease-free
survival [9]. Finally, in a French study comprising 8
patients treated with chemotherapy followed by
surgery and postoperative radiotherapy, 6 were free of
disease at 23-77 months from diagnosis [10]. Very rare
reports address the use of high-dose chemotherapy in
this setting. Iwasaki and coworkers treated 2 patients
with 2 cycles of ADOC regimen followed by high-
dose etoposide, ICE plus G-CSF and two more cycles
of ADOC. Both patients responded to the combination
and underwent surgery followed by radiotherapy and
remained disease-free for 2 and 5 years [11]. It is to
be noticed that although both chemotherapy and radi-
ation have been applied consecutively in patients with
malignant thymoma, no extensive investigations fo-
cusing on the concurrent application of both treatment
modalities have been performed so far.

Metastatic Disease

Chemotherapy is widely used for patients with
metastatic disease or progressed after local therapies,
such as surgery or radiotherapy. Because of the rari-
ty of these cancers, all series of patients have been rel-
atively small and reflect weak evidence (Table 26.2).

In a study by Highley and colleagues, single-agent
ifosfamide was given to patients with stages III and
IV disease. Out of 13 patients assessable for response,
there were five (38.5%) complete responders and one
(7.7%) partial responder. The most frequent toxicities
seen were nausea, vomiting, and leukopenia, but all
were well tolerated [12]. Combination chemotherapy
(mostly platinum-based), however, has been report-
ed to produce complete and partial remissions; some
of the complete remissions have been pathologically
confirmed at subsequent surgery [13]. In one study,
the ADOC regimen (doxorubicin, cisplatin, vin-
cristine, cyclophosphamide) produced a 92% re-
sponse rate (34 of 37 patients), including complete re-
sponses in 43% of patients [14]. One study of com-
bined chemotherapy with cisplatin and etoposide
produced responses in 9 of 16 patients treated, with
a median response duration of 3.4 years and a medi-
an survival of 4.3 years [15]. Nine of 28 patients with
invasive thymoma or thymic carcinoma who received
four cycles of etoposide, ifosfamide, and cisplatin at
3-week intervals had partial responses. The median
duration of response was 11.9 months (range <1 to 26
months), and the median overall survival was 31.6
months. The 1-year and 2-year survival rates were
89% and 70%, respectively [16].

The role of high-dose chemotherapy (CODE reg-
imen) was tested in 2 studies conducted by the Japan
Clinical Oncology Group on 53 patients with local-
ly advanced thymoma. Pathologic CR was observed
in 3 patients. The median PFS was 9.5 months for
stage IV and 4.5 years for stage III diseases. Overall
survival at 2 and 5 years were 82% and 57% for stage
IV and 96% and 77% for stage III patients [17].

Recurrent Disease

For patients with recurrent disease who are not can-
didate for re-irradiation, salvage surgery, or progress
after steroid therapy, chemotherapy should be taken
into account.

Table 26.2 Selected chemotherapy trials in advanced disease

Author Regimen Setting No. pts RR (%) CR (%) Durat. resp (m)
Shin PAC-Pr St llI-IVA 13 92 23 -

Kim PAC-Pr St llI-IVB 22 77 14 -

Lohrer & Kim PAC Met/Recurrent 30 50 10 11.8
Fornasiero ADOC Stage IlI-IV 37 92 43 12

Lohrer & Jiroutek  VIP Adv thymic ca. 28 32 0 11.9
Giaccone EP Met/Recurrent 16 56 31 40.8

RR, overall response rate; CR, complete response rate; PAC, cisplatin, doxorubicin, cyclophosphamide; Pr, prednisone; ADOC, dox-
orubicin, cisplatin, vincristin, cyclophosphamide; VIP, etoposide, ifosfamide, cisplatin; EP, etoposide, cisplatin
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In a series of 30 patients with stage IV or local-
ly progressive recurrent tumor following radiation
therapy, the PAC regimen (cisplatin, doxorubicin, cy-
clophosphamide) achieved a 50% response rate, in-
cluding three complete responses, with a median sur-
vival of 38 months [18].

In another study, 27 previously treated patients
with stage IVA and IVB thymic neoplasms received
Pemetrexed 500 mg/sm every 3 weeks (together with
vitamin and steroid supplementation): two of these
achieved a complete response and two a partial re-
sponse. The median time to progression was 45 weeks
for thymoma and 5 weeks for thymic carcinoma [19].
Moreover, in a study conducted at Indiana Universi-
ty high-dose chemotherapy did not appear to be su-
perior to standard-dose chemotherapy [20].

Octreotide, in combination with prednisone, has
been explored as a therapeutic option in thymoma
based on the observation that thymomas highly ex-
press the somatostatin receptor on their surface and
radiolabeled octreotide exhibits high specificity for
thymoma compared with thymic hyperplasia and
other benign thymic disorders [21]. Thirty-eight pa-
tients with advanced thymic cancer (32 thymoma,
five thymic carcinoma, one thymic carcinoid) re-
ceived octreotide (0.5 mg s.c. three times a day) for
a maximum of 1 year. If a patient exhibited a com-
plete or partial response at 2 months, octreotide was
continued alone, while in case of stable disease at 2
months oral prednisone (0.6 mg/kg per day) was
added. Two complete and 10 partial responses were
observed, with an overall objective response rate of
approximately 32%. Of note, all responses were ob-
served in patients with thymoma. The progression-
free survival duration for the combination of oc-
treotide and prednisone was 9.2 months, compared
with 2 months for octreotide alone (p = .039). The
median survival time for patients with thymoma re-
ceiving the combination had not been reached and
was 46.3 months for those receiving octreotide
alone [22].

Occasional responses with docetaxel [23], fluo-
rouracil, ifosfamide, interleukin-2 and, more recent-
ly, gefitinib, cetuximab [24], dasatinib [25] and
tacrolimus [26] have been reported.

Ongoing Studies (Selection)
Phase |

— BMS-690514 in patients with advanced or
metastatic solid tumors
— Sunitinib plus radiation therapy for cancer patients.

Phase Il

— Carboplatin combined with paclitaxel in treating
patients with advanced thymoma

— Efficacy of octreotide treatment in patients with
primary inoperable thymoma

— Erlotinib plus bevacizumab to treat advanced
thymoma and thymic cancer.

Conclusions

Thymoma is a rare neoplasm with a largely indolent
growth pattern. Because of its potential for invasion
and local recurrence, however, a multidisciplinary
approach is recommended. Inoperable patients war-
rant a strategy of induction chemotherapy followed
by a surgical reassessment, and adjuvant radiation
therapy is often indicated, despite a lack of prospec-
tive studies, for any evidence of invasive disease re-
gardless of the degree of resection obtained. Durable
responses can be obtained both in the metastatic and
recurrent setting, and novel therapies are currently
being investigated.
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Introduction

The role of adjuvant radiotherapy in thymic tumors
has not been explicitly defined. Since epithelial
thymic tumors are relatively radiosensitive, many
clinicians advocate the use of adjuvant radiation
therapy in all cases, in addition to those cases
where there is extension beyond the capsule [1-4].
Justification for adjuvant radiation is based on stud-
ies showing decreased recurrence rates for stage II
disease with adjuvant therapy from 30% to 5% [5,
6]. Other groups suggest that, due to the low inci-
dence of local recurrence after complete resection
of stage Il thymomas, radiation therapy should be
reserved for selected patients [7-10]. Schmidt-Wolf
[11] proposed that adjuvant external-beam radio-
therapy should be considered only for stages II and
III disease where there were extensive adhesions
between tumor and pleura, microscopic pleural in-
filtration, or macroscopic invasion of the peri-
cardium, large vessels, or lung. In addition, Chen
[12] noted that completely resected stage II thy-
momas of WHO subtype A, AB, and B-I may not
require adjuvant therapy. There is general agree-
ment, however, that incompletely resected or pri-
mary unresectable thymomas of all stages should be
treated with radiation with or without chemothera-
py [13, 14].

Although surgery remains the first choice of
treatment for stage I to III thymomas [15-17], there
still is controversy concerning the optimum adjuvant
treatment of thymoma after complete resection. For
stage I thymoma, most studies report no or very few
relapses after surgery without any adjuvant therapies
[5, 6, 18]. Nevertheless, it has been reported that lo-
cal recurrence occurs as frequently as pleural dis-
semination, even after complete resection of thymo-
ma [5, 19, 20]. Postoperative mediastinal irradiation
seems to be the most effective adjuvant therapy for
reducing the risk of local recurrence and prolonging
survival in patients with locally advanced thymoma
(21, 22].

in Thymic Neoplasms

Stage |

Stage I thymomas have an excellent prognosis after
complete resection. Most groups accept that there is
no need for irradiation after surgery for stage I thy-
momas. In the Memorial Sloan Kettering experience,
25 stage I patients underwent complete resection
with one recurrence and 95% 5-year survival and
86% 10-year survival rates [23]. Fujimura and col-
leagues [17] reported no recurrences in 31 stage I
thymomas after total resection alone. Ten-year sur-
vival rate was 74.3%. The Massachusetts General
Hospital experience between 1939 and 1990 includ-
ed 52 stage I patients who were all treated with
thymectomy alone. No patient relapsed or died of
thymoma [24]. In 1988, Curran and colleagues [5] re-
ported no recurrences in 43 stage I thymomas after
total resection, with only 1 patient receiving neoad-
juvant radiotherapy. Despite a relapse-free survival
of 100%, the 5-year survival was only 67% due to a
high frequency of severe myasthenia gravis in this
patient population.

In the MD Anderson experience, between 1962
and 1987, Pollack and colleagues [25] presented 11
stage I patients who underwent total resection (5 pa-
tients who received postoperative radiotherapy, 50
Gy at standard fractionation, and 6 who did not).
There were two recurrences (one in each group). A
series from Osaka University Medical School pre-
sented 38 stage | patients, 26 who underwent irradi-
ation, and 12 who were not radiated [22]. There were
no recurrences in the radiated group, but one recur-
rence (8%) in the nonradiated group.

In a study by Masayuki [26], no recurrence was
observed in patients with stage I thymoma after
surgery with or without mediastinal irradiation. These
results suggest that routine postoperative mediastinal
irradiation is not indicated for patients with stage |
thymoma after complete resection. However, 21.6%
and 25% of stage II and stage III patients respective-
ly suffered from recurrences. In those groups medi-
astinal irradiation did not have a significant effect on
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recurrence rate when stratified by the clinical stage.
These results suggest that it is very hard to select the
patients who need the additional therapy based sole-
ly on clinical staging. Local invasion has been rec-
ognized as the most important clinical parameter for
thymoma, particularly in stage II patients [19, 27]. To
avoid the disadvantages of clinical staging, Masayu-
ki proposed classification based on pleural and peri-
cardial invasion [6]. Data from Singhal et al. [10] re-
inforces the trend to refrain from radiating patients
with completely resected stage I thymoma. It docu-
ments a single recurrence out of 27 stage | patients
treated by resection alone and no significant differ-
ence between patients treated by resection alone ver-
sus resection plus irradiation. For stage I thymoma
complete resection by an experienced surgical team
is sufficient to maintain local control.

Stage Il

It is well accepted that factors influencing prognosis
in thymoma are completeness of the surgical resec-
tion, Masaoka stage, and WHO histological classifi-
cation. The prognostic significance of these factors
has been largely demonstrated in some recent series
in the international literature [1, 18, 28-31]. Although
completely resected, about 10% of stage II thymoma
manifest local or pleural recurrence even after many
years [28-30]. This observation and the demonstrat-
ed relative high sensitivity of thymoma to radiation
therapy leads to recommendations advocating radia-
tion therapy for all patients with stage Il thymoma ir-
respective of resection status. The consistency of such
recommendations is not clear [32]. Whereas the true
indication of radiation therapy for stage II thymomas
is still controversial, late local morbidity associated
to mediastinal and lung irradiation are well-known
(cardiac morbidity such as valve fibrosis, pericardi-
tis with pericardial effusions, increased frequency of
coronary artery disease; radiation pneumonitis and
chronic pulmonary fibrosis; esophageal strictures,
dismotility and malignancies; mediastinal fibrous and
hematopoietic malignancies) [33-36].

During the past decades, some authors have ad-
vocated postoperative radiation therapy [5, 21, 37]
whereas few studies have argued against it [23, 38].
Nakahara et al. [22] in 1988 reported a 29% (2 of 7)
recurrence rate for patients with stage II thymoma
submitted to surgery only, whereas 8% (2 of 25) pa-
tients have disease relapse after surgery and postop-
erative radiotherapy. The patients in this cohort re-
ceived between 30 Gy in 3 weeks and 50 Gy in 6
weeks. Ogawa and colleagues [37] presented 61

Masaoka stage II patients who underwent postoper-
ative mediastinal radiotherapy. Despite all patients
receiving radiotherapy, 6 patients (10%) still experi-
enced recurrence (2 mediastinal and 4 pleural). Their
conclusion was that radiotherapy prevents mediasti-
nal recurrence for patients with completely resected
thymoma but is insufficient to avoid pleural-based re-
currence. Blumberg et al. [23] reported about 30 pa-
tients submitted to surgery and irradiation (n = 17)
or to surgery alone (n = 13): the recurrence and sur-
vival rates were similar for the two groups.

In some cases, the association of radiation thera-
py to surgery for the treatment of stage II thymomas
seems to negatively affect long-term survival. Quin-
tanilla-Martinez et al. [24] in 1994 presented 32 stage
II patients submitted to surgery. Seven of them re-
ceived postoperative irradiation. Recurrence rates
were 28% and 8% for patients undergoing surgery
and radiotherapy and surgery alone, respectively
(difference was not significant). In a previous study,
Ruffini et al. [38] showed a significantly lower re-
currence rate in a cohort of patients treated with
surgery alone compared with patients who underwent
surgery and irradiation (the difference was significant
p = 0.02): the effect of postoperative radiotherapy
seemed potentially harmful. A significant portion of
the literature does not perform disease-free or dis-
ease-specific survival analysis for stage Il thymoma;
most concentrate on overall survival.

The evaluation of the real impact of radiothera-
py on long-term survival of completely resected
stage II thymoma patients is difficult due to the rel-
ative indolent natural history of these tumors. The
use of overall survival data as an endpoint in the lit-
erature has falsely lowered the expected long-term
survival of thymoma patients. Progression-free sur-
vival and disease-related death seem to be better end-
points in the evaluation of this disease due to the long
natural history and confounding factors such as the
high incidence of myasthenia gravis.

More recently, two papers focused on the value of
postoperative radiotherapy in stage II completely re-
sected thymomas. Mangi et al. [39] updated their 27-
year experience and presented 49 completely resect-
ed stage II patients. Thirty-five patients were submit-
ted to surgery alone, whereas 14 patients underwent
surgery and irradiation. The addition of adjuvant irra-
diation did not affect long-term disease control. Dis-
ease-specific survival for stage II thymoma patients
was 100% with and without RT (p = 0.87).

Between February 1992 and 2002, Singhal et al.
[10] performed 167 resections for thymoma. Of these,
70 patients were believed to have tumors in stage IIb
or less intraoperatively, and all of these patients un-



Chapter 27 - Radiotherapy in Thymic Neoplasms 231

derwent complete resection. They reviewed the
histopathology of 62 of 70 patients. Thirty thymomas
demonstrated less than complete transcapsular micro-
scopic invasion (stage I) and 40 thymomas demon-
strated microscopic transcapsular invasion or macro-
scopic invasion into surrounding fatty tissue (stage II).
Forty-seven patients underwent surgery without post-
operative mediastinal radiotherapy. Dosages in the 23
radiated patients (3 stage I and 20 stage II) consisted
of 45-55 Gy at standard fractionation. Median follow-
up was 70.3 months. Stage II patients who were radi-
ated (n = 20) and those who were not radiated (n = 20)
consisted of identical proportions in stages Ila and IIb.
Two patients recurred (1 unradiated stage I patient and
1 radiated stage IIb patient). Overall 5-year survival
rate was 91%. All who died were free of recurrence
at time of death. Log-rank test showed no difference
in Kaplan Meier survival curves (p = 0.32) between
the radiated and unradiated groups.

Between 1988 and 2000, Rena et al. [40] per-
formed 197 resections for thymoma. Thirty-two pa-
tients underwent complete surgical resection (14
stage IIA and 18 stage IIB); 26 patients underwent
complete resection and subsequent mediastinal irra-
diation (11 stage IIA and 15 stage IIB). Dosages of
radiation were 45-54 Gy, in 25-30 fractions. With a
median follow-up of 91 months (range 9 to 170), five
intrathoracic recurrences occurred. Disease-free sur-
vival rate at 5- and 10-years were 94% and 87%, re-
spectively. Log-rank test showed no difference in Ka-
plan-Meier survival curves (p = 0.432) between ra-
diated and nonradiated patients. These data support
the concept that radical surgical resection alone, re-
sulting in complete resection of the tumor, should be
considered sufficient treatment for Masaoka stage 11
thymoma. Of course, the patients were referred for
radiation therapy on the basis of a subjective assess-
ment of risk of recurrence.

For stage II thymomas, the results in the litera-
ture do not give clear guidelines about indications for
postoperative radiotherapy. Adjuvant radiation ther-
apy has been used postoperatively by most surgeons
when an incomplete resection is performed. For
completely resected stage II tumors, some studies
have argued against radiotherapy [23, 38, 40, 41]
while other studies have advocated postoperative
therapy [5, 21, 37].

Several authors have felt that radiotherapy should
follow surgery. In the experience of Curran and col-
leagues [5], 19 patients underwent complete resec-
tion for stage II thymoma. No further pathologic
elaboration was available. One patient received post-
operative irradiation. One third of patients (6 of 18)
who did not receive radiotherapy experienced local

recurrence. No relapse was noted in the patient who
was radiated. The authors concluded that resection
without radiotherapy was inadequate but statistical
analysis was not possible because only 1 patient un-
derwent surgery and adjuvant radiotherapy. A series
from Osaka University Medical School reported an
increased recurrence rate for patients with resected
stage II thymomas who did not undergo adjuvant ra-
diotherapy, as compared with those who did receive
postoperative radiotherapy. They concluded radio-
therapy was indicated for any patient who had any
capsular microinvasion or where the margin status
was not assessed [21]. Other authors have felt adju-
vant radiotherapy should be performed only with cer-
tain caveats or not at all. A report from Memorial
Sloan Kettering described 26 stage II thymoma
patients between 1949 and 1993 who underwent
complete resection, 17 of whom received adjuvant ir-
radiation and 9 of whom were without radiotherapy.
Recurrence rates (p = 0.21) and survival rates
(p =0.14) of the two groups were similar [23]. Ruffi-
ni and colleagues [38] from University of Torino pre-
sented an interesting report of 58 stage Il patients, 13
of whom underwent adjuvant irradiation. Four pa-
tients (31%) recurred despite adjuvant radiotherapy,
and 2 patients (4%) recurred without postoperative
treatment. They demonstrated with statistical signif-
icance (p = 0.02) that the effect of postoperative ir-
radiation was potentially harmful. However, they ad-
mitted to a possible selection bias toward patients
who were selected for radiotherapy based on what
appeared to be clinically advanced disease.

The Massachusetts General Hospital experience
presented 32 stage II patients who underwent
thymectomy [24]. Seven of them received postoper-
ative irradiation. In stage II patients, one of the 16
minimally invasive (stage IIa) tumors recurred, com-
pared with 3 of 16 grossly invasive (stage IIb) tu-
mors. Two of seven patients (28.3%) who received
adjuvant radiotherapy relapsed at 6 and 16 years, and
2 of 24 patients (8%) who received no adjuvant treat-
ment relapsed at 5 and 13 years.

In this series the Massachusetts General Hospital
group attempted to correlate the pathologic extent of
disease and histologic classification with outcome
[24]. There was no clear effect of irradiation on out-
come. However, none of the 12 patients with
medullary or mixed thymoma relapsed, whereas 4 of
19 patients with predominantly cortical (2 of 13) or
well-differentiated thymic carcinoma (2 of 6) re-
lapsed. On the basis of these results, they recom-
mended that stage Il medullary and mixed thymomas
be spared adjuvant therapy but that stage II cortical
thymomas receive a postoperative treatment regi-



232 TVY.Engetal.

men. If one is inclined to radiate, the experience of
the Massachusetts General Hospital indicates that the
addition of histologic subtyping is a reasonable ap-
proach to fine-tuning this decision [24].

More recently, the Massachusetts General Hos-
pital updated its 27-year experience and presented 49
completely resected stage II patients [39]. Fourteen
stage II patients underwent postoperative irradiation
and 35 did not. The addition of adjuvant radiothera-
py did not alter local or distant recurrence rates. Dis-
ease-specific survival at 10 years in stage II patients
was 100% with and without RT (p = 0.87).

Kundel et al. [42] retrospectively reviewed the
files of 47 patients with thymic tumors treated by ad-
juvant radiation at Tel Aviv University from 1984 to
2003. All patients underwent thoracotomy followed
by either total macroscopic resection (n = 42) or biop-
sy (n = 5). The radiation dose ranged from 26 to
60 Gy. Median duration of follow-up was 10.6 years.
Overall 5-year survival was 73% (60-88%): 77% for
thymoma (n = 35/45) versus 33% for thymic carci-
noma (n = 2/6) (p = 0.14). Better survival was asso-
ciated with lower disease stage (I vs. III/IVA, p =
0.01), resection (p = 0.0004), myasthenia gravis at
presentation (p = 0.04), and higher radiation dose
(=45 vs.>45 Gy, p =0.02); sex, smoking, tumor size,
pathology, and margin status had no effect. Locore-
gional relapse occurred in 11 patients and distant
metastasis in 4. The 5-year disease-free survival was
67% (52-86%), with a median time to recurrence of
8.3 years. The better overall survival and disease-free
survival associated with higher doses of radiation
were also true for stage II patients. On multivariate
analyses after adjusting for age, higher disease stage
and lower radiation dose were found to adversely af-
fect overall survival and disease-free survival.
Thymic carcinoma had an impact only on disease-free
survival. They concluded that postoperative radiation
therapy to doses above 45 Gy may improve the dis-
ease-free and overall survival of patients with inva-
sive thymoma, especially stage II, and that thymic
carcinoma has a worse prognosis.

Stage Il

Forty-five stage III patients underwent resection and
in 36 it was complete. Thirty-eight stage III patients
received radiation therapy. Baseline prognostic factors
between radiated and nonradiated groups were simi-
lar. The addition of adjuvant radiotherapy did not al-
ter local or distant recurrence rates in patients with
stage III thymoma. Disease-specific survival at 10
years in stage III patients who did not receive radia-

tion was 75% (95% confidence interval, 32-100%) and
in patients who did receive radiation therapy it was
79% (95% confidence interval, 64-94%) (p = 0.21).
The most common site of relapse was the pleura [43].

Thymoma is a difficult condition to study because
of its rarity, indolent natural history, and high mor-
tality due to unrelated causes [44-46]. The 5-year sur-
vival rate for thymoma approximates 60% and has not
changed over the past three decades [5,23,47-50] de-
spite advances in operative management, radiothera-
py, and chemotherapy. Surgery remains the mainstay
of clinical management. Generally accepted 5-year
and 10-year overall survival rates for stage III thy-
moma are 60-80% and 50-75%, respectively [1, 51].

There is neither consensus statement nor ran-
domized trial data to support the use of adjuvant ra-
diation therapy in the care of patients with stage I1I
thymoma. The current standard of care appears to in-
volve adjuvant radiation for the majority of stage III
patients, but the criteria for administering adjuvant ra-
diation therapy to patients with stage Il thymoma
vary from institution to institution and are controver-
sial. Currently, postoperative radiation is offered ei-
ther to all thymoma patients [18,21,22,48], to those
with invasive features on pathologic examination of
the specimen, or to patients with tumors greater than
5 cm in size [23]. It may be that patients who do not
require radiation will receive it, unnecessarily sub-
jecting them to the risks of that modality.

Despite the evenly balanced prognostic factors in
the two treatment groups, Mangi et al. [43] could not
demonstrate an advantage to adjuvant RT in stage 111
thymoma. Most centers consider the addition of
postoperative radiation therapy as the standard of
care for stage III thymoma patients, and would rec-
ommend the routine referral of these patients for ad-
juvant radiation therapy [32, 51] even though there
is no clear data supporting this clinical course.

Radiation therapy to the chest is not benign. Sev-
eral reports of late consequences such as hematopoi-
etic malignancies, esophageal malignancies, dys-
motility and strictures, or radiation pneumonitis and
chronic pulmonary fibrosis [33-36, 52-56] have
emerged. In addition, a recent study has detailed a va-
riety of late postradiation injuries to the heart that in-
clude entities such as restrictive cardiomyopathy, car-
diac valve fibrosis, conduction defects (manifested
by monotonous heart rate, persistent tachycardia, and
blunted hemodynamic responses to exercise), peri-
cardial effusions, reduced peak oxygen uptake dur-
ing exercise (an independent predictor of premature
death), and accelerated coronary artery disease [57].
Given the potential for serious consequences from ra-
diation therapy, a policy of selective radiation ther-
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apy for patients with stage III thymoma should be
considered. A consensus on this subject is made dif-
ficult by the indolent natural history of this disease,
and by the large numbers of patient deaths from un-
related causes. These reasons also make a prospec-
tive randomized study investigating the possible
benefits of radiation therapy as unlikely to ever be
undertaken.

To evaluate the role of radiation therapy in the
management of stage III thymoma, Mangi et al. [43]
reviewed seven articles in which at least 10 stage 111
patients were studied and in which patients both re-
ceived and did not receive adjuvant radiation thera-
py after complete resection. They then compared the
two groups. Six of the seven authors [1, 8,23,26, 37,
38] were unable to demonstrate any advantage to ad-
juvant radiation therapy in terms of either local con-
trol or survival. Local recurrence rates ranged from
19% to 31% after radiation (median, 22%) and from
4% to 45% without radiation (median, 23%). These
differences did not reach statistical significance, ex-
cept in the study by Ruffini and colleagues [38] who
demonstrated a significant advantage to not receiv-
ing adjuvant radiation (p = 0.02).

Mangi et al. [43] reported the disease-specific
survival at 10 years was 79% in the group receiving
radiation and 75% in the group not receiving radia-
tion (p = 0.21). Patients receiving radiation had a re-
currence rate of 32%, and those not receiving radia-
tion had a recurrence rate of 29%, similar to those re-
ported in the literature. This difference did not reach
statistical significance. Because the recurrence rate
is not influenced by the addition of radiation thera-
py. and because the majority of patients with stage
III disease can safely undergo complete resection, it
is difficult to recommend the routine use of postop-
erative radiation for patients with stage III disease
who undergo complete resection. Radiation therapy
has a role for patients who could not possibly have
a complete resection, and it may have a role for pa-
tients whose surgeon suspected a close margin. Such
a paradigm has been established and followed for
most intrathoracic neoplasms [58]. Stage III patients
may also benefit from a cisplatin-based course of ad-
juvant chemotherapy because most recurrences are
pleural rather than mediastinal [43].

Neoadjuvant Radiation Therapy

One group of patients that may benefit from neoad-
juvant therapy is the group who displays clear evi-
dence of invasion of adjacent structures by bulky tu-
mors on preoperative imaging. Neoadjuvant radia-

tion therapy as outlined by Myojin et al. [51] may be
of benefit in downsizing the tumor and enhancing re-
sectability. The decision to proceed with a neoadju-
vant regimen needs to be undertaken by the treating
physician on a case-by-case basis. If review of the
preoperative imaging does not remove doubts about
resectability, computed tomographic-guided core
needle biopsy, an anterior mediastinotomy, and open
biopsy or video-assisted thoracoscopic examination
of the chest should be undertaken for diagnosis. Care
must be taken at that time not to disturb tumor
planes in order to prevent widespread pleural dis-
semination. If pleural disease is present, or if tumor
planes are disrupted at the time of operation, there
may be a benefit to intrapleural administration of
platinum-based chemotherapeutic agents that have
been reported to be useful in thymic tumors with
pleural spread [59]. Mangi et al. [43] do not favor
routine video-assisted thoracoscopic biopsy of ad-
vanced thymomas for fear of causing pleural dis-
semination. They find the video-assisted approach
most useful to document stage IVA pleural disease.

A neoadjuvant chemotherapy strategy for patients
with stage III thymoma that appears to hold promise
has recently been described by Venuta and colleagues
[60]. This group has prospectively described a regi-
men of induction chemotherapy including cisplatin
(51 mg/m?), adriblastin (50 mg/m?), and cyclophos-
phamide (500 mg/m?) administered three times every
3 weeks in which treatment was made by protocol.
Ninety-three percent of patients successfully com-
pleted therapy. One patient demonstrated complete re-
mission (7%), 2 had a complete response (13%), 8
had partial responses (53%), and 5 had stable disease
(33%). Twenty percent of patients were downstaged
to stage II, and 67% of patients initially believed to
be unresectable were rendered resectable by the ad-
ministration of neoadjuvant chemotherapy. Unre-
sectable patients and resected patients were referred
for chemoradiation therapy. The administration of
neoadjuvant chemotherapy improved 10-year sur-
vival from 71% (no induction therapy) to 90%, but
this did not reach statistical significance. Therefore a
combined neoadjuvant approach with both chemo-
therapy and radiation therapy deserves further analy-
sis in a prospective fashion. Given the rarity of this
disease a prospective clinical trial will need the par-
ticipation of multiple institutions and may be best un-
dertaken under the auspices of a national trials on-
cology group.

Yagi et al. [61] treated 41 patients with invasive thy-
moma, including 34 stage III, 5 stage I'Va, and 2 stage
IVb thymomas. Thirty-eight patients received radio-
therapy, 11 preoperatively to shrink the tumor volume
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and render the lesion more amenable to surgical re-
section. Both IVb patients were dead within 30 months
of surgery. Twelve patients with invasion of the supe-
rior vena cava or innominate vein had angioplasty or
reconstruction performed as part of the surgical pro-
cedure. The overall 5-year survival rate for the cohort
was 77% and the 10-year survival rate was 59%. In the
stage III group patients, there was a significant differ-
ence in survival between those with complete and those
with incomplete resection. Ten of the 12 patients who
had angioplasty with or without reconstruction of the
superior vena cava or innominate vein survived with-
out recurrence of the tumors. The authors concluded
that aggressive surgery with angioplasty and vascular
reconstruction are recommended because successful
treatment for invasive thymomas depends on complete
resection of the tumors. Neoadjuvant radiotherapy
may render some inoperable tumors operable and thus
improve the chances of tumor control by allowing for
a more complete resection [61].

Pleural Invasion

Uematsu et al. [62] retrospectively reviewed forty-
three patients with invasive thymoma treated with
surgery and radiation therapy between 1978 and
1993. All 43 patients underwent a complete surgical
resection and were judged to have Masaoka’s stage
II-IIT invasive thymoma. Of these, 23 patients re-
ceived entire hemithorax and mediastinal radiother-
apy (EH-MRT) and the remaining 20 received me-

diastinal radiotherapy (MRT). Of the 23 patients with
EH-MRT, 11 were stage II and 12 stage III. Of the
20 with MRT, 11 were stage II and 9 stage III. In
most cases, the entire hemithorax received 15 Gy in
15 fractions over 3 weeks (without lung compensa-
tion calculation). In both the EH-MRT and MRT
group, the total radiation doses to the mediastinum
were similar with a median of 40 Gy. The median fol-
low-up time after surgery was 63 months and no pa-
tients were lost to follow-up. Only one of the 23 pa-
tients with EH-MRT relapsed. On the other hand, 8
of the 20 with MRT relapsed, 6 of whom died of dis-
ease. The pleura was the most common site of fail-
ure. At 5 years, the relapse-free rate was 100% for
those receiving EH-MRT and 66% for those with
MRT (p = 0.03); the overall survival rate was 96%
for those with EH-MRT, and 74% for those with
MRT (p: not significant). The most significant treat-
ment-related complication was radiation pneumoni-
tis requiring treatment, in 1 patient who received
MRT and 3 who received EH-MRT, including one
death of a 72-year-old man and a 68-year-old woman
with severe lung fibrosis [62, 63].

Radiotherapy Techniques

The radiotherapy techniques used in the treatment
of thymic tumors is best described by Eng et al. [64]
and it resembles that of other thoracic tumors (see
Fig.27.1). It uses high energy (>10 MV) X-rays gen-
erated by a linear accelerator. CT scans are used to

Fig.27.1a,b a Conventional radiotherapy field with custom block (black lines) covering the tumor bed and mediastinum
(with permission from [64]). b Treatment plan showing isodose lines around the target volume
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Fig.27.2 Intensity Modulated Radiation Therapy (IMRT) treat-
ment plan with isodose lines conforming to the shape of tar-
get volume in the mediastinum (with permission from [68])

delineate the target volume. Surgical clips placed dur-
ing resection are very useful to mark positive margins
and/or areas of residual disease as well as the extent
of initial disease in completely resected tumors where
the surgeon suspects residual microscopic or sub-
clinical disease. Although still a matter of controver-
sy, the adequate planning target volume should in-
clude the surgical bed, any gross residual tumor, and
areas of suspicious subclinical disease such as the me-
diastinal lymph nodes with a 1.5- to 2-cm margin as
seen in Fig. 27.1. The San Antonio group [64] rec-
ommends moderate levels of radiation doses between
45 and 55 Gy at standard fractionation, and 1.8 to
2 Gy per fraction for microscopic residual disease us-
ing three-dimensional treatment planning to minimize
the dose to adjacent critical organs, such as the lung.
The M.D. Anderson group [25] noted a 50% in-field
local failure rate in stage III and I'Va patients treated
with less than 60 Gy using standard fractionation af-
ter varying degrees of surgical resection. Others have
recommended doses of 60 Gy or higher in patients
who have unresectable disease or are left with gross
residual disease after surgical resection [9, 50, 64].
The use of modern radiotherapeutic techniques, such
as intensity modulated or image guided radiotherapy,
are currently emerging for the treatment of most tho-
racic tumors including thymoma [65-67] (Fig. 27.2).
It allows more sparing of adjacent critical structures.

Other Thymic Tumors

Like thymoma, thymic carcinoma also arises in the
thymic epithelium, but with a higher propensity for
capsular invasion and metastases. Low-grade thymic

carcinomas, though, are characterized by relatively
favorable clinical courses with a lower incidence of
local recurrence and metastasis [64]. Owing to the
paucity of cases, optimization of therapeutic regimens
has yet to be elucidated. A prescriptive dose range has
yet to be defined, with most studies using 40-70 Gy
with standard fractionation scheme (1.8-2.0 Gy/frac-
tion). Thymic carcinoid tumors, also known as neu-
roendocrine tumors of the thymus, are extremely rare,
accounting for less than 5% of all neoplasms of the
anterior mediastinum. They often invade locally,
commonly metastasizing to regional lymph nodes
[69]. Distant metastases to bone, liver, or skin can oc-
cur in 30-40% of cases [70] and may be seen in 70%
of patients within 8 years from initial diagnosis [71].
Complete surgical resection is the preferred method
of treatment, although recurrence is common. Despite
alack of evidence, incomplete resections followed by
radiation (and/or chemotherapy) have been used, and
may improve local control without significant in-
creased morbidity and mortality [71]. Despite ag-
gressive treatments, most patients do poorly. Overall
5-year survival according to one report was 31%, with
all 14 patients dead after about 9 years [72]. Other rare
thymic tumors include fibrolipomas and liposarco-
mas. The main distinction between thymofibrolipoma
and thymoliposarcoma is the presence of atypical
lipoblasts in the latter [73]. The absence of atypical
stromal cells is of paramount value to distinguish thy-
mofibrolipomas from thymoliposarcomas. Thymofi-
brolipomas are composed of broad fibrous bands that
traverse both adipose and thymic components. Thy-
mofibrolipomas are considered to be a histologic vari-
ant of thymolipoma. Hence, they are benign with no
sexual predilection, and may occur at any age [74].
These tumors are usually well circumscribed, being
soft and white in color. They are usually surrounded
by normal thymus tissue. Treatment primarily con-
sists of surgical resection.

Radiation Treatment Results

The local control rates after a complete resection and
adjuvant radiation therapy have ranged approximate-
ly from 65% to 85% and lower for incomplete resec-
tion and radiation therapy [25, 41, 49]. Table 27.1
summarizes some of the selected radiation treatment
results. As all studies are retrospective in nature, bias
in patient selection is unavoidable. In general, patients
who were subjectively referred for adjuvant radiation
therapy often had worse prognostic factors. Even af-
ter complete resection, invasive thymomas still carry
a poorer prognosis than noninvasive tumors [41-44].
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Table 27.1 Summary of selected radiation treatment results for thymoma

Authors/year No. XRT Radiation Local 5-year survival Comments
patients(stage) regimen dose (Gy) control (%) rate (%)
Rena et al. 2007 [40] 25 (Ila) 32 surg only 45-54 949% surg only 94 (DFS) XRT not needed after
33(IIB) 26 postop 88% postop (87% at 10 yrs) complete radical resection
No difference in survival ~for stage Il thymoma
Kundel et al.2007 [42] 33 (Il) Postop (42 26-60 77% 77 (thymoma) Higher XRT dose
12 (1) after gross 33 (Thymic Ca) (>45 Gy) was
2 (IVa) resection and 74 (DFS, thymoma) better. Other prognostic
5 biopsy) 0 (DFS, thymic Ca) factors were
86 (Il stage, resection,
50-45 (Ill/Iva) myasthenia gravis
Bretti et al. 2004 [75] 43 (1) Preop/postop 24-30 preop - Median PFS Preop XRT
20 (IVa) +/- chemo 45-55 postop 59m (lll) improved
21m (IVa) resection rate
Kondo et al. 2003 [8] 522(1) +/- postop - 99.1(1) 100 (1) Largest study.No
247 (IN) +/- chemo B7+/-1.7(0)  95.9(1) 98 (1) difference in recurrence
201 (Il 45.4+/-84 (1) 71.6 (1) 89 (Il w/ or w/o XRT in stage
101 (1V) - 65.7 (IV) 71(IV) Il'and Il patients. High
complete resection rates
Latz et al. 1997 [76] 101 Postop +/- 10-72 81 90 (I Uncertain XRT benefit
14.(1In) chemo (median 50) 67 (I1N) for completely
19(Iv) 30(1V) resected stage Il
Mornex et al. 1995 [9] 21 (Illa) Preop and 30-70 86 (llla) 64 (Illa) Great impact
37 (I1b) postop (median 50) 59 (1lb/IVa) 39 (I1b) of XRT on local
32 (IVa) +/- control. Recommends
chemotherapy >50 Gy for incomplete
resection
Cowen etal. 1995 [77] 13(1) Preop/postop ~ 22-50 preop 78.5 (overall) 59.5 (DFS) Stage and extent
46 (1) +/- chemo 30-70 postop 100 (1) (49.5% at 10 yrs) of resection
58 (I1N) (median 40-55) 98 (Il) influenced local
32(IVa) 69 (I1l) control and survival
59 (IVa)
Haniuda etal.1992[6] 70 (lI/lll) Postop 40-50 100 (Ilp1)° 74 (1) XRT benefited patients
70 (1l1) 69 (I1l) w/ pleural adhesion w/o
microinvasion
Pollack etal. 1992 [25]  11(1) Postop; 50 Gy (median) 59 (overall) 74() Incompletely resected
8(ll) primary XRT 71(11) patients did worse.
10 (llT) (22 pts) 50(11) Recommends
7(1V) 29(1v) multimodality treatment
for these patients
Urgesi et al. 1990 [41] 59 (1IlN) Pre- and postop  39.6-60 85-90 78 (1ll) Most relapses were
18 (IVa) (58% at 10 yr) out of XRT fields
Hug et al. 1990 [78] 44 (I1-V) Preop/postop 40 (median) 89 (I1/111) 92 (IN) High failure rates in
62 (IIl) surgery only patients
Jackson etal.1991[79] 28 (lI/Ill) Postop (after 32-60 (mean42) 61 53 (0S) High XRT complications
Bx or subtotal) (44% at 10 yrs) of 11% w/2 deaths
Curran et al. 1988 [5] 43()) Postop for I-IV 32-60 100 (ll/lll-total 100 (1)(DFS) No recurrence for stage
21 (1) resection) 58 (I1) | after surgery only;
36 (I1N) 79 (I/lll-subtotal 53 (IIN) XRT improved local
3(Iv) resection/biopsy) control for stage II/1ll
Nakahara et al. 1988 [22] 45 (1) Postop (73% 30-50 - 100 (1) Complete resection
33 (1) received XRT) 91.5 (1) + XRT resulted in best
48 (1ll) 87.8 (1l survival
12 (IVa) 46.6 (V)
3(IVb) 97.6 (complete
resection)
68.2 (subtotal)
25 (biopsy)

* Fibrous adhesion to the mediastinal pleura without microscopic invasion; XRT radiation therapy; Chemo chemotherapy; PFS progression free survival; DFS disease free
survival; 0S overall survival; Ca carcinoma; w/ with; w/o without (adapted with permission from [64])
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Five-year survival rates for invasive thymomas range
from 53% to 70% [5, 22, 31]. Survival rates contin-
ue to fall with long-term follow-up and 10-year sur-
vival rates may be considerably lower [80].

Summary

Thymoma is a radiosensitive tumor for which com-
plete resection appears to provide adequate local con-
trol and long-term survival. For Masaoka stage I thy-
moma complete resection by an experienced surgi-
cal team is sufficient to maintain local control.
Radiation therapy can improve local control in those
patients whose tumors are not completely resected.
Treatment doses between 40 and 55 Gy at standard
fractionation seem to be sufficient to enhance the
chances of local control in most cases. In patients
with gross residual or unresectable disease doses of
60 Gy or higher may be needed. Despite the avail-
ability of adjuvant therapy, every attempt should be
made to achieve complete tumor resection as this
confers the best chance for local control and long-
term survival irrespective of stage, without the added
toxicity of chest irradiation. Neoadjuvant radiother-
apy with or without chemotherapy may be beneficial
in downstaging selected patients with Masaoka stage
I tumors and improve the chances for a complete
resection. Patients with pleural invasion may not ben-
efit from local radiotherapy since their disease is
most likely disseminated throughout the pleura. In
fact, 38% of those with pleural invasion in Ogawa’s
series developed pleural dissemination, suggesting
that this population will recur throughout the pleura
regardless of choice of local therapy. For this group
of patients, the use of hemithoracic irradiation, 10
to 17 Gy in 2 to 3 weeks, in conjunction with a me-
diastinal boost of an additional 40 Gy should be con-
sidered to improve loco-regional control, taking in-
to account that there is a significantly increased risk
of pneumonitis. Patients with advanced local disease,
stage I'Va disease, will have a poor prognosis irre-
spective of the local treatment modality used. For
now, primary surgery and the educated, judicious use
of radiation therapy, with or without chemotherapy,
will offer our patients with thymomas the best hope
of disease control and possibly cure.
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Background

Permanent control of disease in heavily pretreated
patients with metastatic thymic tumors can be diffi-
cult to obtain [1]. Alternative treatment strategies
have been tested. Following, we will focus on the ba-
sic knowledge supporting clinical treatment with
steroids and/or somatostatin analogs in thymic ep-
ithelial tumors (TET).

Role of Steroids in the Treatment of Thymic
Neoplasms

Traditionally, TET have been classified into four cat-
egories, i.e., predominantly spindle cell, predomin-
antly lymphocytic, predominantly mixed lympho-
cytic and epithelial, and predominantly epithelial thy-
moma on the basis of the lymphocyte epithelial cell
ratio and the shape of epithelial cells [2]. Recently,
the World Health Organization (WHO) Committee
adopted a new classification system based on the cy-
tological features of the thymic epithelial cells and
proportion of lymphocytes with prognostic implica-
tions [3]. This classification distinguishes medullary
(type A), cortical (type B1, B2 and B3), mixed (type
AB) thymomas and thymic carcinomas (type C).
Thymoma were distinguished in A and B depending
on whether the neoplastic cells have a spindle or oval
shape or whether they have a dendritic or epithelioid
appearance. Type B thymomas were differentiated
into B1, B2, and B3 according to the increasing ep-
ithelial/lymphocytic ratio and the emergence of atyp-
ia of the neoplastic epithelial cell. Paraneoplastic
myasthenia gravis occurs only in A and B type thy-
momas. Given the frequent association of thymomas
with paraneoplastic syndromes requiring steroids, tu-
mor response to this therapy was often incidentally
recognized [4-7].

Glucocorticoids exert antiproliferative effects in
various cell types, have a lymphocytolytic effect, and
induce apoptosis in thymocytes. Although they act

i) Complementary Treatments
p4.4 in Thymic Neoplasms:
Steroids and Octreotide

mainly on the lymphocytic component of the tumor,
their effectiveness is apparently unrelated to thymo-
ma cell type [8, 9].

Glucocorticoid receptors were identified in both
human and murine cultured thymic epithelial cells
[10] and glucocorticoid hormones modulate thymic
epithelial cell proliferation and production of thymic
hormones [11].

Investigation on glucocorticoid receptor (GR)
expression on neoplastic TECs and the effects of glu-
cocorticoids in vitro on the cell cycle progression of
tumor cells was performed [12]. Thymoma specimens
were obtained during surgery from 21 patients. Three
of the specimens with glucocorticoid therapy were
examined using the TdT-mediated dUTP-biotin nick-
end labeling method. Primary tumor specimens from
ten untreated thymomas were examined for GR ex-
pression by immunohistochemistry. Isolated neo-
plastic TECs from the remaining eight untreated thy-
momas were examined using immunohistochem-
istry, flow cytometric, and cell cycle analysis. GR
resulted to be expressed on neoplastic TECs as well
as on nonneoplastic thymocytes in thymomas, re-
gardless of WHO histological classification. Gluco-
corticoids caused an accumulation of TEC in GO/G1
phase in all cases examined (n = 6), and also induced
apoptosis in the three with the lowest levels of Bcl-2
expression.

Several reports of effective treatment of thymic
tumors with steroids were reported [4-7, 13-17].
Glucocorticoids were able to produce response in
thymic tumors refractory to chemotherapy [7, 13].
High doses of corticosteroids were used in some cas-
es [14-16]. In one case high dose methylprednisolone
(1,000 mg on days 1-5 and 500 mg on days 6 and 7)
with chemotherapy cisplatin (80 mg/m? on day 1)
and adriamycin (40 mg/m? on day 1) was used in an
invasive thymoma. The treatment with three cours-
es of this combined chemotherapy resulted in the im-
provement and regression of all clinical signs and
symptoms [15]. This regimen confirmed to be ef-
fective in a series of 14 patients with advanced in-
vasive thymoma [16]. Seventeen untreated patients
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with invasive thymoma underwent glucocorticoid
therapy prior to surgical resection [17]. The steroid
pulse consisted of 1 g of methylprednisone each day
for 3 days. Overall response rate was 47.1% (8 of
17). B1 thymoma was the most responsive histotype.
Moreover, a marked reduction in the CD4+8+ dou-
ble-positive immature thymocytes that expressed
higher levels of glucocorticoids receptor was shown.
Tumor shrinkage is conditioned by the presence of
CD4+CD8+ double-positive immature lymphocytes,
which are more present in B1 thymomas than in the
other histotypes. Apoptotic changes were observed
not only in lymphocytes, but also in neoplastic ep-
ithelial cells. Oral prednisone (50 mg/d) for 6 months
was able to produce a complete response in a
metastatic B3 thymoma, being progressed after 6
months of octreotide alone at the dose of 10 mg in
every 28 days [18]. In some cases the need for pro-
longed use of steroids was highlighted [8, 19, 20].

Role of Somatostatin-based Therapy
in Thymic Neoplasms

Somatostatin (SS) is originally identified as a small
peptide inhibiting the release of growth hormone and
was accidentally found during studies concerning the
distribution of growth hormone-releasing factor in
the hypothalamus of rats [21]. Somatostatin is syn-
thesized as part of a large precursor molecule that is
rapidly cleaved. Two important bioactive peptides
are known: somatostatin-14 and somatostatin-28.
The various actions of somatostatin are mediat-
ed through interaction with specific membrane re-
ceptors. These receptors are different for pharmaco-
logical properties, i.e., binding to different somato-
statin analogs, tissue distribution, regulation, and
signaling [22]. Five subtypes named sst, s have been
identified all with a high affinity for somatostatin 14
and 28. The sst, gene product is alternatively spliced
to encode two receptor proteins, sst,, and sst,p, dif-
fering in their carboxy-terminal sequence. All five
subtypes are functionally linked to adenylate cyclase
through a coupling mechanism involving guanine nu-
cleotide-binding (G) protein. Binding of somatostatin
to the receptor results in a reduction of the intracel-
lular levels of cyclic AMP and ionized calcium and
an increase in the tyrosine phosphatase activity. Each
somatostatin receptor subtype seems to be linked to
a specific biological function, this latter being trig-
gered by a signaling mechanism related to a specif-
ic subtype. Moreover, the expression of somato-
statin receptors can be regulated by its own ligand.
One of the mechanisms of this regulation is recep-

tor-mediated internalization. Treatment with so-
matostatin analogs may induce either down- or up-
regulation of receptors.

Somatostatin is widely distributed throughout the
body and acts on several target cells mainly in the
central nervous system, endocrine and exocrine
glands, and gastrointestinal tract. Many human tu-
mors express more than one somatostatin receptor
subtype, with sst, being predominant. Generally, so-
matostatin displays inhibitory effects on secretive
and proliferative processes. Multiple somatostatin re-
ceptor subtypes can be expressed by the same tissue
and this makes it difficult to define their individual
functional role.

Somatostatin receptors (ssts) are expressed by
several normal tissues and a wide range of malig-
nancies, strictly neuroendocrine [23] or not [24-26].
Lymphoid cells, especially when activated, also ex-
press ssts [27], thus enabling in vivo visualization of
inflammatory diseases by somatostatin receptor
scintigraphy (SRS). Somatostatin has a plasma half-
life shorter than 3 min. For this reason, metabolical-
ly stable analogs with a longer half-life have been
synthesized for clinical application. The most-used
analogs in clinical practice are octreotide and lan-
reotide, which bind to sst,, sst;, and sst, but not to
sst, and sst,. A long-acting octreotide formulation
(octreotide acetate LAR) which consists of octreotide
incorporated into microspheres of the biodegradable
polymer poly(DL-lactide-co-glycolide glucose) has
been developed with the goal to preserve octreotide
activity with improved patient convenience and qual-
ity of life because of reduced administrations.

Somatostatin and SS analogs inhibit tumor cell
proliferation both directly and indirectly. Direct
antitumor activities include blockade of synthesis/
production of autocrine/paracrine growth-promoting
hormones and growth factors, inhibition of growth
factor-mediated mitogenic signals and induction of
apoptosis [28]. Several mechanisms have been re-
ported to be involved in cell growth arrest induced
by somatostatin and analogs including stimulation of
tyrosine phosphatases, regulation of MAP kinases,
inhibition of Na*-H" exchanger and modulation of
nitric oxide production [28]. Induction of apoptosis
may be mediated through sst;. Indirect control of tu-
mor by somatostatin is related to inhibition of an-
giogenesis. Endothelial cells express sst, and ssty
[29]. Several experimental results indicate that so-
matostatin and analogs inhibit angiogenesis in vitro
and in vivo.

The identification of ssts is generally considered
the rationale for therapeutic application of SS
analogs. The expression of somatostatin receptors
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has been studied firstly at the mRNA level by in situ
hybridization and reverse transcriptase polymerase
chain reaction (RT-PCR). Recently, immunohisto-
chemistry performed with polyclonal antibodies spe-
cific for each subtype have been used to study pro-
tein expression in rat and human tissues.

Focusing on thymus, several hormones and neu-
ropeptides have been detected in thymic cells and the
expression of specific receptors has been reported on
both thymic epithelial cells and thymocytes [30,31].
Somatostatin and their receptors are expressed by the
immune and the hematopoietic cells [30, 32].

In 1989, Fuller and Verity demonstrated so-
matostatin gene expression in the rat thymus and
suggested that it exerted a possible paracrine role
in modulating T-lymphocyte development [33]. In-
trathymic production of somatostatin has been
shown [34].

Reubi et al. identified somatostatin receptors in
normal thymus and in thymic carcinoids, but not in
thymomas [35, 36]. Furthermore, none of the patients
submitted to somatostatin receptors scintigraphy had
uptake in normal thymus [35]. SS-binding sites vi-
sualized by autoradiography were located in the
thymic medulla where thymic epithelial cells are the
predominant cell type. However, the diffuse and ho-
mogeneous labeling pattern suggested that also oth-
er types of cells express somatostatin receptors [35].
Ferone et al. studied somatostatin receptors expres-
sion both in normal and neoplastic thymus [30, 37].
Normal human thymus expresses somatostatin
mRNA and somatostatin receptors subtypes (ssts)
sst;, sst,,, and sst, and cultured thymic epithelial
cells expressing sst, and sst,, mRNA do not prolif-
erate under SS treatment.

Specific [*°I-Tyr’]-octreotide binding on cryostat
sections from thymic tissues confirmed that the bind-
ing was mainly localized in the medulla [37].

Low doses of dexamethasone enhance the ex-
pression of the somatostatin gene in the thymic
gland [38]. However, studies concerning the com-
bined effect of glucocorticoids and octreotide on
thymic epithelial cells are still lacking.

A combined evaluation by in vitro techniques
demonstrated expression of sst,, sst,, and sst; in a B1
(cortical) thymoma [39] and of sst, and sst; in a A
(medullary) thymoma [40] which were both previ-
ously detected by SSR scintigraphy. Further evalua-
tion of somatostatin receptor expression was per-
formed by immunohistochemistry. Sst,, and sst; ex-
pression was evaluated on tissue specimens of 14
thymic tumors (1 B1 thymoma, 6 B2 thymomas, 1
B3 thymoma, 1 combined B2+B3 thymoma, 3 C thy-
moma, 2 small cell neuroendocrine carcinoma) [41].

Four tumors stained positive for both sst,, and ssts;
two tumors for sst,, and five tumors for ssty only;
three tumors were completely negative. Overall, 11
out of 14 (approximately 78% of the cases studied)
expressed at least one of these somatostatin receptor
subtypes. The staining was highly heterogeneous and
the sst,, and sst; expression was associated to dif-
ferent cell-types. Ssty expression was predominant-
ly associated with thymocytes and sst,, expression
confined to malignant epithelial cells or within stro-
mal structures.

SSR expression in thymic epithelial tumor could
also represent a sort of neuroendocrine differentiation
of a neoplasm originating from an organ containing
neuroendocrine cells. The expression of somato-
statin receptors in thymic tumors fits well with the
increasing recognition of neuroendocrine features in
these tumors [42, 43].

The evidence of somatostatin receptors expres-
sion by thymic tumors was demonstrated in vivo pri-
or to most in vitro studies previously mentioned. A
high in vivo indium-labeled octreotide ('''In-DTPA-
D-Phe'-octreotide) uptake in thymic tumors, but not
in adult patients with histologically diagnosed benign
thymic hyperplasia [44, 45]. "'In-DTPA-D-Phe'-
octreotide specifically binds to sst, with high affini-
ty. In detail, Lastoria et al. studied 18 patients in-
cluding 13 cases of thymic tumors, one thoracic,
lymphangioma and four benign thymic hyperplasia.
Tumors were clearly identified in all 13 patients with
primary or metastatic lesions. Following this evi-
dence, a patient affected by malignant thymoma and
pure red cell anemia was treated with octreotide (1.5
mg per day) plus prednisone (0.6 mg/kg/day) and
showed a significant tumor shrinkage and resolution
of the anemia, while the single drugs used alone were
ineffective [20]. These results prompted a phase II
study involving sixteen patients from the same in-
stitution with advanced thymic tumors, unresponsive
to conventional chemotherapeutic regimens [46].
The schedule included administration of somatostatin
analog octreotide (1.5 mg/day subcutaneously) as-
sociated with prednisone (0.6 mg/kg/day orally for
3 months, 0.2 mg/kg/day orally during follow-up). In
8 cases, octreotide was replaced by the long-acting
analog lanreotide (30 mg/every 14 days intramuscu-
larly). Treatment was prolonged until progression of
disease was documented. The overall response rate
among 16 evaluable patients was 37%. One patient
(6%) had a complete response, 5 (31%) had a partial
response, 6 obtained a stabilization of disease, and 4
progressed during the treatment. After a median fol-
low-up of 43 months, the median survival was 15
months, and median time to progression was 14
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months. Treatment was generally well tolerated with
acceptable toxicity: cholelithiasis (1 patient), Grade
2 cushingoid appearance (3 patients), Grade 1 diar-
rhea (5 patients), Grade 2 hyperglycemia (3 pa-
tients). Figure 28.1 shows a prolonged stabilization
of disease in a chemorefractory patient.

The most important study following this report
was reported by Loehrer et al. who tried to better
establish the role of octreotide and prednisone in
advanced thymic tumors [47]. This was a multi-
center study concerning 38 assessable patients that
were treated with octreotide alone and after 2
months continued the same treatment or changed
to the association of octreotide and prednisone ac-
cording to response. Octreotide was administered
at a dose of 0.5 mg subcutaneously t.i.d. for a max-
imum of 1 year and prednisone at a dose of 0.6 mg
per day. They reported four partial responses with
octreotide alone (4/38, 10.5%) and two complete
responses and six partial responses (8/38, 21%)
with octreotide associated with prednisone. As the
Authors recognize, the study design does not allow
definitive conclusions on the activity of octreotide
alone. In fact, some later responses were reported
in patients exhibiting minor response at the 2-
month evaluation. The short duration of therapy
could have conditioned the results reported. So-
matostatin analogs act differently from conven-
tional chemotherapeutic drugs, thus producing
more frequently slow shrinkage of tumor and sta-

WITOMEOGRAEIACCOMPUTERIZZATA\

ble disease rather than significant responses after
2 months of therapy.

The eligibility criteria of ECOG study harbor a
potential confounding factor: all patients receiving
corticosteroids for myasthenia gravis received the
same dosage after entering into the study. This means
that myasthenic patients were administered steroids
also during the supposed 2 months of octreotide
alone.

Management of thymic tumors is often difficult
because of concomitant association of various para-
neoplastic syndromes. This peculiar feature outlines
a profound involvement of the immune system in the
development and outcome of this tumor.

Immune system alterations in patients with
thymic tumors are increasingly recognized both at a
biological and clinical level [48, 49]. Somatostatin
and steroid interference with immune system func-
tions are known and they are probably important in
the control not only of tumor cells, but also of the
thymoma-related immune disorders. In human lym-
phoid cells (lymphocytes, monocytes) somatostatin
has been shown to modulate both secretion process-
es (i.e., immunoglobulin and cytokine production)
and cell growth. Somatostatin has a “biphasic” effect
on the function of immune cells, either on secretion
or on cell proliferation with maximal inhibitory ef-
fects at nanomolar concentrations, and lower or ab-
sent effects at higher (micromolar) concentrations
[32]. The biphasic response of immune cells to so-

Fig.28.1a-d Computed tomography scan of a stage-IV-chemorefractory patient treated with somatostatin analogs plus
prednisone. The mediastinal mass and intrascissural pleural nodules remained unchanged after 1 year of treatment
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matostatin is important when we consider the possi-
ble implications of a somatostatin-based treatment on
immune system functions. Actually, there are no da-
ta on the relationship between the therapeutic con-
centrations of somatostatin analogs and the effects on
immune response of the patients.

With such complexity of interactions to be seen
in the development and progression of this rare neo-
plasm, together with the complex immune alter-
ations, the final effect of somatostatin analogs on the
outcome is difficult to define.

Conclusions

Significant evidence support a role for steroids and
somatostatin in the management of thymic tumors.
Given the rarity of this neoplasm along with the com-
plex interferences between different histotypes and
distinct clinical features, it is very difficult to define
the exact role of these unconventional treatments.
Further insights into biological mechanisms under-
lying tumor development and growth and well-de-
signed large trials combining biological and clinical
data will probably give a real significance to the in-
triguing results reported.
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Introduction

Opver the last 30 years Myasthenia Gravis (MG) has be-
come amenable to successful treatment, primarily from
the remarkable advances in our understanding of the
biology of neuromuscular transmission and of patho-
genic processes underlying the disorder [1-5]. With
treatment, today, most patients can expect to lead nor-
mal or nearly normal lives. Some cases of MG may go
into remission temporarily, and muscle weakness may
disappear so that medications can be discontinued.

How the autoimmune response mediated by spe-
cific antibodies to the acetylcholine receptor (AChR)
is initiated and maintained in MG is not completely
understood. However, the thymus appears to play a
role in the process: it is abnormal in approximately
75% of patients with MG; in about 65% thymus is
hyperplasic, with active germinal centers, while 10%
of patients have thymus tumors (thymoma) [3-5].

In 85% of generalized cases and in more than
50% of ocular cases the antibodies are against the
AChR. Of the 15% of generalized MG patients with-
out AChR antibodies, 20-50% have antibodies
against another synaptic antigen, muscle-specific ty-
rosine kinase (MuSK). The remaining patients prob-
ably have antibodies against unknown antigens at the
neuromuscular junction. The relatively few patients
with thymoma often have antibodies against addi-
tional striated muscle antigens such as titin, and ryan-
odine receptors.

The anti-AChR antibodies reduce the number of
available AChRs at neuromuscular junctions, sever-
al distinct mechanisms decreasing the efficiency of
neuromuscular transmission. Failure of transmission
at many neuromuscular junctions results in fatigue
and weakness [2-5].

History of MG Treatments

MG has been one of the prototypes of the develop-
ment of rational therapeutic interventions, based on
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scientific hypotheses, supported by the tremendous
development of immunology, and confirmed by clin-
ical studies, including randomized controlled trials,
In 1960, Simpson first proposed that MG was an au-
toimmune disease and hypothesized that it resulted
from an antibody-dependent block in neuromuscular
transmission. Investigations in the 1970s demon-
strated the deficiency of AChR at the neuromuscu-
lar junction in MG, the production of animal models
by immunization with AChR, the passive transfer of
the disease between species with immunoglobulin G,
and the presence of antibodies to AChR in most pa-
tients with MG. Subsequently, the immunopatho-
genic and electrophysiological mechanisms involved
in the disease were elucidated [6-7].

Coincident with these discoveries, effective treat-
ments were developed, including acetyl cholinesterase
(AChE) inhibitors in the 1950s, and by the 1970s,
prednisone and other immunosuppressive medica-
tions were available. In the 1970s, thymectomy (TE)
— first described as a treatment modality in 1936 — be-
came an increasingly accepted form of therapy. In the
1980s, both plasma exchange (PE) and intravenous
immunoglobulin (IVIG) were used to treat MG, par-
ticularly in patients with life-threatening illness [8].

However, problems and questions remain. On one
side the mortality rate for MG has decreased over the
last 50 years; reports suggesting that the documented
increased prevalence of MG is due to better survival
more likely reflect improved case ascertainment in the
elderly. On the other side, most of these treatments
have considerable side effects so that the treatment of
MG may involve trading one disease for another.

Disease Management for MG

In this chapter we will address some problems the
clinician is confronted with today in dealing with pa-
tients suffering from MG.

MG is typically managed according to the clini-
cal presentation symptoms. Ocular MG is usually first
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seen and treated by ophthalmologists, who within the
usual work-up of patients with ptosis and diplopia
consider neuroimaging with MRI of the brain and or-
bit and a neurological consultation. A patient with
vague symptoms of fatigability of the oropharyngeal
muscles is most often seen by an ENT physician, who
in the absence of focal lesions sends the patient to a
neurologist. Most patients with symptoms of gener-
alized fatigue are first seen by their primary physician
and finally sent to a neurologist with an expertise of
neuromuscular diseases. Only the few patients with
the symptoms of a mediastinal syndrome or those
with the occasional detection of mediastinal mass are
sent directly to the pneumologist or the thoracic sur-
geon, the main readership of this volume. The tho-
racic surgeon will be asked for consultation for almost
all patients, since, particularly in North America, a
thymectomy will be considered for all MG cases.
MG is a disease for which a multidisciplinary ap-
proach is essential. The competences needed are
found in several medical and surgical subspecialties:
ophthalmology, neurology, immunology, pathology,
radiology, thoracic surgery, oncology, radiotherapy,
anesthesiology, ENT, rehabilitation, and clinical psy-
chology. Only very few centers are able to compre-
hensibly treat MG patients, but most patients are suc-
cessfully managed by a neurologist with competence
in neuromuscular diseases and a skilled thoracic sur-
geon experienced with the particularities of MG, par-
ticularly with the problems arising in the periopera-
tive phase. The surgeon himself usually manages pa-
tients with a thymoma and no signs and symptoms of
MG, but also in these cases a neurological consulta-
tion before surgery and at follow-up is reasonable.
In this chapter the clinical management of pa-
tients with MG will be mainly addressed from the
point of view of the thoracic surgeon who comes in
contact for one reason or another with MG patients
and asks himself what kind of work-up is reasonable
to exclude or confirm MG in a patient with an ap-
parently asymptomatic mediastinal mass and what
treatment options are available for patients with MG.

Diagnostic Work-up and Clinical Follow-up
of a Patient with a Mediastinal Mass But
No Clinical Signs of MG

Even if there are anecdotic reports of patients who
have developed signs and symptoms of MG at vari-
ous time intervals following a thymectomy (TE),
most patients with thymoma do not have MG at di-
agnosis nor develop it later. However, due to the vari-

able course of MG, subtle symptoms go often un-
recognized.

MG should be screened for by a careful anamne-
sis, a neurological examination with a scoring system
quantifying the patient’s disability [9], and the deter-
mination of AChR-antibodies. Neurophysiologic tests
are not necessary, since their predictive value is low.
Single fiber electromyography (SFEMG) is more
sensitive, but it is very time consuming, and therefore
expensive and not widely available [10].

In case of minimal signs of fatigue, a test with
edrophonium chloride should be performed and the
patient should be stabilized clinically before surgery.
The anesthesiologist must be informed of the diag-
nosis of MG. The following treatment depends on the
clinical progression of the disease [11-14].

Every patient with a thymoma must be informed
about the possibility of developing MG, in order to
timely recognize symptoms as diplopia, ptosis,
dysarthria, dysphagia, and respiratory symptoms,
and be made aware of drug-induced MG. Informa-
tion material can be downloaded from the National
Institutes of Health and from several national patient
organizations [15].

Treatment of Patients with Clinical Signs
and Symptoms of MG

Considerable progress has been made in reducing
morbidity and mortality in MG by different treatment
approaches, both symptomatic aimed at reducing the
effects of the antibody attack and immune-directed
treatments aimed at suppressing the pathogenic an-
tibody production or controlling the damage induced
by them.

Mortality has also been reduced by improved
methods in critical care.

Symptomatic Treatment of MG

The bedrock of symptomatic treatment of autoimmune
MG are the ACh-esterase (AChE) inhibitors, especially
pyridostigmine. These agents inhibit the breakdown of
ACh at the neuromuscular junction, with consequent
increase of available ACh sufficient to stimulate AChR
and facilitate muscle activation and contraction. These
drugs are purely symptomatic and are used as first-line
therapy in newly diagnosed MG patients, and as sole
long-term treatment of milder forms of generalized
MG and especially in ocular MG [12-13].

Adverse effects are caused by the increased con-
centration of ACh at both nicotinic and muscarinic
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synapses. The common muscarinic effects are gut hy-
permotility (stomach cramps, diarrhea), increased
sweating, excessive respiratory and gastrointestinal
secretions, and bradycardia. The main nicotinic ad-
verse effects are muscle fasciculations and some-
times cramps.

Based on case reports, case series, and daily clin-
ical experience it is commonly agreed that an anti-
AChHE drug should be the first-line treatment for all
forms of MG (good practice point), even if the sys-
tematic review of the few placebo controlled ran-
domized trials failed to formally confirm its effec-
tiveness [16].

Pyridostigmine is usually well tolerated at stan-
dard doses of up to 60 mg given at 4-h intervals 4 or
5 five times per day. In most cases at night no med-
ication is necessary. The optimal dose is found by
slowly increasing from initial 30 mg 4 times a day
and depends on the balance between clinical im-
provement and adverse effects. It can vary over time
and with concomitant treatment and must, therefore,
be adjusted accordingly.

Immune Directed Treatments for MG

If symptomatic treatment with AChE inhibitors is not
effective enough, more aggressive treatment strate-
gies must be considered [11-14]. This is particularly
true in MG patients with a thymoma or those with
anti-titin and anti-ryanodine antibodies, since they
usually have a more severe disease. The aim is to in-
duce and then maintain remission of symptoms by
suppressing the autoimmune response either by re-
ducing the production of pathogenic antibodies or the
damage induced by them. Over the years this has
been done surgically by removing the thymus or
pharmacologically with steroids or other immuno-
suppressive drugs, or by removing antibodies with
plasma exchange or interfering with their effects with
intravenous immunoglobulin.

Immunosuppression and thymectomy are rou-
tinely used for all patients with MG except for those
with less severe forms of ocular MG, even if the stud-
ies supporting this approach are so far scanty and
methodologically inadequate to clearly answer the
relevant questions. Most evidence is still anecdotal
or comes from case series, from which the greater ef-
ficacy of combined immunosuppressive treatments
has been shown. As with other rare diseases, ran-
domized controlled trials with comparable patient
groups of sufficient size to give reliable answers are
very difficult to organize. Complementary to these
big trials, which are still needed and some of which

are under way, are the systematic reviews of small-
er, yet qualitatively sound studies, whose cases are
combined in a meta-analysis to increase the power
by reducing the variance of the response.

Corticosteroids

A Cochrane review by Schneider-Gold et al. (2005)
reports the data available on the treatment of MG
with steroids [17]. The autoimmune nature of MG
and the beneficial effects of this group of drugs in
other autoimmune diseases are the rationale for us-
ing steroids and other immunosuppressive drugs in
MG. Corticosteroids activate T helper cells and in-
crease the proliferation of B-cells, activated T-cells
and antigen-presenting cells.

Simon (1935) reported the beneficial effect of
adrenocorticotrophic hormone (ACTH), while Sof-
fler observed the shrinking effect of ACTH on thy-
mus (1948). Von Reis (1966) first documented ex-
acerbation of myasthenic symptoms, sometimes with
lethal outcome when respiratory and swallowing
difficulties increase at the beginning of high-dose
corticosteroid treatment. Warmholts (1971) reported
the beneficial effect of high dose alternate-day ad-
ministration. Seybold and Drachman overcame this
problem in 1974 by gradually increasing doses [6].

Because of the heterogeneity of clinical trials,
with their different primary and secondary outcomes,
despite the 70-year long experience of steroid ther-
apy for MG, there is still no clear formal evidence
that corticosteroids are efficacious in treating MG.
However, numerous observational studies strongly
support the efficacy of corticosteroids for the treat-
ment of MG, suggesting corticosteroids as the main-
stay of the treatment for MG, in particular in mild
and moderately severe forms [13].

In the last 20 years several retrospective studies
have reported very good efficacy of prednisone used
with different dosages. A very high rate of remission
or marked improvement was reported in generalized
MG by many authors. In these observational studies,
remission or marked improvement is seen in 70-80%
of MG patients treated with oral corticosteroids,
usually prednisone (class IV evidence), but the effi-
cacy has never been studied in double blind, place-
bo-controlled trials [17].

Corticosteroids have several advantages; they
have a short onset of action (1-3 months) and can be
used in pregnancy, while there can be transient ini-
tial severe exacerbation, usually after 1-3 weeks (2-
5%), and there are many well-known long-term side
effects.
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Side effects of varying severity, including osteo-
porosis, diabetes mellitus, infections, glaucoma, gas-
tric ulcers, psychic disturbances, weight gain, and
aseptic bone necrosis, were found in 52.2% of pa-
tients. The risk of osteoporosis is reduced by giving
bisphosphonate (class IV evidence), and antacids
may prevent gastrointestinal complications.

It is a good practice point to use oral prednisolone
as first choice drug when immunosuppressive drugs
are necessary in MG. Still unclear is the most appro-
priate dosage (starting with high doses or gradually
increasing doses; daily or alternate-day regimen; the
best way of tapering treatment; when to start; the use
in association with other immunosuppressive drugs).

Since a high starting dose can precipitate a myas-
thenic crisis after 4-10 days, alternatively treatment
can be started with 10-25 mg on alternate days in-
creasing the dose gradually to 60-80 mg on alternate
days. To achieve a rapid response in critically ill MG
patients high daily steroid dosages are used in com-
bination with PE or IVIG as short-time treatments to
overcome the temporary worsening. At remission,
usually after 4-16 weeks, the dose is slowly tapered
to the minimum effective dose, possibly given on al-
ternate days (good practice point).

Plasma Exchange

In PE antibodies are removed from patient sera by
membrane filtration or centrifugation. Improvement
starts within the first week and the effect lasts for 1-3
months. Gajdos et al. (2006) in their Cochrane review
on short-term benefits of PE conclude: “There are no
adequate randomized controlled trials, but many case
series report short-term benefit from plasma exchange
in MG, especially in myasthenic crisis” [18]. The NIH
consensus of 1986 states: “the panel is persuaded that
PE can be useful in strengthening patients with MG
before TE and during the postoperative period. It can
also be valuable in lessening symptoms during initia-
tion of immunosuppressive drug therapy and during
an acute crisis”. In these cases this procedure is prob-
ably more effective than IVIG.

PE is, therefore, recommended as a short-term
treatment in MG, especially in severe cases to induce
remission and in preparation for surgery [12-13]. The
most common regimen is that of 5 exchanges over
9-10 days.

Intravenous Immunoglobulin

Intravenous immunoglobulin (IVIG) has been used
for the same indications as PE; rapidly progressive

disease, preparation of weak patients for surgery in-
cluding TE, and as an adjuvant to minimize long-
term side effects of oral immunosuppressive thera-
py. The results did not show a significant difference
between the two treatments for MG exacerbations.
Nonrandomized evidence consistently suggests that
they are equally effective [19-20].

The use of IVIG is technically easier than plas-
ma exchange and the administration of IVIG is as-
sociated with a less than 5% rate of mild and self-
limited adverse events.

Gajdos, Chevret, and Toyka in their Cochrane re-
view in 2006 report that in severe exacerbations of
MG there is not a significant difference between
IVIG and PE. Furthermore, they showed no signifi-
cant difference in efficacy between administrating
1 g/kg and 2 g/kg of intravenous immunoglobulin
over 2-5 days. In chronic MG, there is insufficient
evidence for the efficacy of IVIG [19].

The use of IVIG, at the usual dosage 1 g/kg (over
2-5 days), should probably be reserved to severe ex-
acerbations, for strengthening patients with MG be-
fore TE and during the postoperative period. It can
also reduce symptoms during initiation of immuno-
suppressive drug therapy and during an acute crisis,
like PE, having probably less side effects [12-13].

Thymectomy

In 1939 Alfred Blalock et al. reported the remission
of generalized myasthenia in a 21-year-old woman
following the removal of a cystic thymus tumor.
Blalock and colleagues proceeded to perform TE in
nonthymoma patients, reporting improvement in at
least half the cases, so that in the 1970s TE had been
accepted as a form of therapy for MG [2, 5, 6]. How-
ever, there has never been clear evidence to support
this treatment modality, so the role of TE in the man-
agement of MG remains uncertain. A systematic re-
view made in 2000 by the American Academy of
Neurology shows that patients undergoing TE were
twice as likely to attain medication-free remission, 1.6
times as likely to become asymptomatic and 1.7
times as like to improve [21]. The interpretation of
these data is difficult, since MG patients undergoing
TE were younger, more often women, and were more
likely to have generalized and severe MG. Severe MG
patients undergoing TE had larger relative rates of
better outcome when compared with severe MG pa-
tients not undergoing TE. Since it cannot be exclud-
ed that MG patients undergoing TE received also
more aggressive medical therapy than MG patients
not receiving TE, the positive TE-favorable outcome
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reflects probably the effects of a more aggressive ther-
apeutic approach, both medical and surgical.

So far the benefit of TE in nonthymomatous au-
toimmune MG has not definitely been established
[21]. It is not surprising that the indication for TE for
nonthymomatous MG varies within and between dif-
ferent countries [22]. TE may increase the probabili-
ty of remission or improvement in patients with severe
MG, but only a randomized controlled trial of suffi-
cient potency will allow to confirm the conviction of
all surgeons and most neurologists that TE is really
useful for MG patients. So far, TE should be consid-
ered as one of the multiple therapeutic options for all
patients with generalized MG, as a “rescue” therapy
in nonthymomatous patients with severe MG [12-13].

In MG patients with a thymoma the main aim of
TE is to treat the tumor more than for having any ef-
fect on the MG. Once thymoma is diagnosed, TE is
indicated irrespective of the severity of MG (good
practice point) [12-13]. Thymoma is a slow-growing
tumor and TE should be performed only after stabi-
lization of the MG. The prognosis depends on early
and complete tumor resection.

The incidence with which MG occurs in patients
with thymoma increases with the age of the patient.
In men older than 50 and women older than 60, the
incidence appears to be greater then 80%. The ma-
jority of patients with MG do not have thymoma. The
incidence is 10-42% depending on the reporting
medical center. Men with MG are 1.8-2 times more
likely to have a thymoma than women. Because of
the significant association between thymoma and
MG, an evaluation of the mediastinum with CT or
MRI is recommended in all patients with MG.

Other Immunosuppressive Drugs

If symptomatic therapy with cholinesterase inhibitors
and immunosuppression with glucocorticosteroids
are insufficient to control the symptoms of MG, af-
ter having considered TE, PE, and IVIG further
treatment options include azathioprine, cyclosporine,
methotrexate, mycophenolate mofetil, tacrolimus, or
cyclophosphamide [12-13]. They have all been tried
anecdotally as an add-on therapy. Several random-
ized controlled trials are under way. So far, their ef-
fectiveness cannot be proven [23].

Azathioprine, a commonly used immunosuppres-
sant, is metabolized to 6-mercaptopurine, which in-
hibits DNA and RNA synthesis and interferes with T-
cell function. The onset of therapeutic response may
be delayed for 4-12 months, and maximal effect is ob-
tained after 6-24 months. Azathioprine is usually

well tolerated but idiosyncratic flu-like symptoms or
gastrointestinal disturbances including pancreatitis
occur in 10%, usually within the first few days of
treatment. Some patients develop hepatitis with ele-
vations of liver enzymes. Leucopenia, anemia, throm-
bocytopenia, or pancytopenia usually respond to drug
withdrawal. Blood cell effects and hepatitis often do
not recur after cautious reintroduction of the drug.
Careful monitoring of full blood cell count and liver
enzymes is mandatory and the dosage should be ad-
justed according to the results. About 11% of the pop-
ulation are heterozygous and 0.3% homozygous for
mutations of the thiopurine methyltransferase gene
and have an increased risk of azathioprine-induced
myelosuppression. One large double-blind random-
ized study has demonstrated the efficacy of azathio-
prine as a steroid-sparing agent with a better outcome
in patients on a combination of azathioprine and
steroids than in patients treated with steroids alone
(class I evidence). In patients where long-term im-
munosuppression is necessary, azathioprine should be
started together with steroids to allow tapering the
steroids to the lowest dose possible, while maintain-
ing azathioprine (level A recommendation). Azathio-
prine is prescribed at the initial dose of 2.5-3 mg/kg
daily; the maintenance dose is 1.5-2.5 mg/kg qd.

Cyclosporine has an immunosuppressive effect in
both organ transplantation and autoimmune disor-
ders. It is an inhibitor of T-cell function through in-
hibition of calcineurin signaling. Cyclosporine is ef-
fective in MG, has significant side-effects of nephro-
toxicity and hypertension and should be considered
only in patients intolerant or unresponsive to aza-
thioprine, when long-term immunosuppression and
relatively rapid response (1-3 months) is needed and
especially when prednisone cannot be used or is in-
effective. The risk of using this drug is the high
nephrotoxicity (dose-related), increased risk of ma-
lignancy, teratogenicity, and drug interactions with
NSAIDs, Amphotericin B, and nephrotoxic drugs.
The usual initial dose is 2.5 mg/kg bid and is then
gradually reduced to the clinically lowest effective
dose, since it may be effective below “therapeutic
range” in serum.

Mycophenolate mofetil’s active metabolite, my-
cophenolic acid, is an inhibitor of purine nucleotide
synthesis and impairs lymphocyte proliferation se-
lectively. A few studies including a small double-
blind placebo controlled study of 14 patients have
shown that mycophenolate mofetil is effective in pa-
tients with poorly controlled MG and as a steroid
sparing medication (class 111, class IV evidence). My-
cophenolate mofetil should be tried in patients in-
tolerant or unresponsive to azathioprine or in patients
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in whom steroids are ineffective or cannot be used.
The advantages are the moderate onset of action
(12 months) and the few side effects (diarrhea, in-
somnia, urinary tract infections, low risk of late ma-
lignancies, no major organ toxicity). It is an im-
munosuppressive agent developed and originally
used to prevent acute rejection of solid-organ trans-
plantation: there is still little experience in the treat-
ment of MG [24-25].

Methotrexate can be tried in very selected MG
patients who do not respond to the immunosuppres-
sive drugs, because, although it is well studied in oth-
er autoimmune disorders, there is no evidence of ef-
ficacy in MG.

Cyclophosphamide is an alkylating agent with
immunosuppressive properties. It is a strong sup-
pressor of B-lymphocyte activity and antibody syn-
thesis and at high doses it also affects T-cells. In a
randomized, double blind, placebo-controlled study
including 23 MG patients, those on treatment had
significantly improved muscle strength and a lower
steroid dose compared with the placebo group. In-
travenous pulses of cyclophosphamide allowed re-
duction of systemic steroids without deterioration of
muscle strength or serious side-effects (class II evi-
dence). However, the relative high risk of toxicity in-
cluding bone marrow suppression, opportunistic in-
fections, bladder toxicity, sterility, and neoplasm
limits the use of this medication to MG patients in-
tolerant or unresponsive to steroids plus all other cur-
rently used immunosuppressive drugs.

Tacrolimus (FK506) is a macrolide molecule of
the same immunosuppressant class as cyclosporine.
It inhibits the proliferation of activated T-cells via the
calcium-calcineurin pathway. FK506 also acts on
ryanodine receptor mediated calcium release from
sarcoplasmic reticulum to potentiate excitation-con-
traction coupling in skeletal muscle. Case reports and
a small open trial all showed a useful improvement
of MG with minor side effects. Interestingly, patients
with anti-RyR antibodies (and potential excitation-
contraction coupling dysfunction) had a rapid re-
sponse to treatment indicating a symptomatic effect
on muscle strength in addition to the immunosup-
pression. FK506 should be tried in MG patients with
poorly controlled disease, especially in RyR anti-
body-positive patients (level C recommendation).

Monoclonal antibodies against different lympho-
cyte subsets such as anti-CD20 (rituximab) (B-cell
inhibitor), and anti-CD4 (T-cell inhibitor) have been
reported to improve cases of refractory MG [26].
These treatment strategies are promising, but more
evidence is needed before any recommendations can
be given.

Training, Weight Control, Lifestyle Modifications,
Pregnancy, and Breast-Feeding

The importance of reducing weight and modification
of activities of daily living has been suggested, but
there is no hard scientific evidence to support this.
There are reports that show some benefit of respira-
tory muscle training in MG and strength training in
mild MG. Physical training can be carried out safe-
ly in mild MG and produces some improvement of
muscle force.

The course of MG during pregnancy is unpre-
dictable: 20% worsen, 20% improve, 60% don't
change; exacerbations are most common in the first
trimester and first postpartum month. There is no cor-
relation between severity of MG before pregnancy
and the course during pregnancy.

The treatment during pregnancy is not very dif-
ferent: drugs like AChE, corticosteroids, PE, and
IVIG are safe. There is a minor risk in using azathio-
prine. Drugs like cyclosporine A are associated with
more spontaneous abortions and preterm deliveries,
while drugs like methotrexate, and mycophenolate
should probably not be used during pregnancy.

During breast feeding immunosuppressants
should be avoided because they can induce im-
munosuppression in the neonate [27].

A Practical Approach to the Management of
MG Patients

Evidence-based medicine (EBM) is the conscien-
tious, explicit, and judicious use of current best evi-
dence in making decisions about the care of indi-
vidual patients. The practice of EBM means inte-
grating individual clinical expertise with the best
available external clinical evidence from systematic
research. Today’s healthcare professionals cannot
avoid demonstrating the effectiveness and the effi-
ciency of their clinical decisions, also in cases for
which there is insufficient data or for diseases with
a highly variable unpredictable course, such as MG.

This means that we must take into account all
available evidence, coming from systematic reviews
[16-18, 20, 21, 23], from guidelines [13], from re-
views and textbooks [11-12], and original papers, but
also from informal professional contacts with more
experienced colleagues and from personal experience.
We must also consider the patient’s values and ex-
pectations, particularly risk aversion in case of still-
unproven treatments or treatments with possible late
adverse effects, in case of participation in randomized
controlled trials. Integrated into EBM is also our sci-
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entific knowledge of the pathogenesis of MG and the
nature of the autoimmune process, even if for most
aspects there is not enough formal evidence, as for the
effectiveness of PE and IVIG [18, 20].

Keeping these general principles of EBM in
mind, for any patient with MG, once the diagnosis
of MG is established, symptomatic therapy with an
AChE inhibitor should be tried. Every thymoma pa-
tient should be treated with TE. Depending on the
clinical course and the localization (ocular or gener-
alized) of the MG related disability decisions have
to be made together with the patient and in his best
interest.

Ocular MG

Treatment of patients with MG localized to the ocu-
lar district has two goals: to return the person to a
clear vision by reducing ptosis and double vision and
to prevent the generalization of the disease.

ACHhE inhibitors improve visual disability in 20-
40% of people with ocular MG, but do not reduce
the risk of generalization of the disease that usually
starts within the first 2 years of the disease, while
steroids limit the symptoms in ocular MG and seem
to reduce the risk of generalization. Azathioprine has
been used with success to spare steroids, while oth-
er immunosuppressants, commonly used in gener-
alized MG, and TE are not routinely used in ocular
MG [12-13, 28-31].

Patients with a pure ocular form are first treated
with anti-AChE; in case of excessive side effects or
lack of effectiveness steroids are added [28-29]. Pa-
tients are then closely (at 3-month intervals) followed
in the first 2 years in order to timely recognize gen-
eralization of the disease.

Generalized MG

Patients with generalized MG and insufficient re-
sponse to pyridostigmine therapy should be consid-
ered for TE, ideally within 1 year of disease onset
[12-13].

If this is not sufficient, the patient is started on
high-dose daily prednisone (commonly 1 mg/kg dai-
ly), with the goal of inducing a remission.

If there is no remission several facts must be con-
sidered before starting a more aggressive treatment
[14]: inappropriate patient and physician expecta-
tions, a wrong diagnosis, misinterpretation of per-
sisting symptomatology on treatment (concomitant
autoimmune diseases as Grave’s, Lambert-Eaton’s),

inappropriate use of pyridostigmine (wrong dosage,
wrong timing), and incorrect use of prednisolone (in-
sufficient dose and duration, steroid myopathy).

A steroid-sparing agent, such as azathioprine or
mycophenolate mofetil, is added if steroid treatment
is expected to be needed for more than a year. To
prevent steroid-induced osteoporosis bisphospho-
nate is indicated. Any other side effects of pred-
nisone or of the other immunosuppressants are treat-
ed as they appear.

Once remission is established, the tapering of the
prednisone is begun, aimed at an alternate-day dos-
ing schedule, with the goal to reach the minimum
dose of prednisone that will keep the patient in re-
mission. A common schedule is to first reduce pred-
nisone every other day by 5 mg every 2 weeks. The
AChE inhibitors are tapered as tolerated. The slow
tapering of the prednisone is continued.

If MG symptoms return during the tapering
phase, the dose of prednisone at that time is held
steady for a few weeks to allow spontaneous recov-
ery. If there is no stabilization within a few weeks or
if the patient worsens, a full course of IVIG or PE is
indicated, otherwise a drastic increase in the steroid
dose are required to re-establish the remission, since
minor dose increases to last previously effective
dose is usually not effective.

Possible causes of failure, or apparent failure, of
MG to respond to conventional treatment have again
to be considered [14]. Beyond the inappropriate ex-
pectations, wrong diagnosis, misinterpretation of
persisting symptomatology on treatment, inappro-
priate use of pyridostigmine, incorrect use of pred-
nisone, also inappropriate dose and expectations of
azathioprine (or other immunosuppressants) and the
patient’s compliance must be addressed.

Once the patient is again in remission, the pred-
nisone is even more slowly tapered, to zero or to the
lowest effective dose. Then also other immunosup-
pressants are very slowly reduced. In case of symp-
tom recurrence, immunosuppression is started again,
usually with prednisone combined with the previ-
ously effective immunosuppressant.

The patient must always be informed not only on
the rationale and expected effect of treatment, but al-
so on the risks. Decisions must be taken according
to the patient’s expectations and values. The pa-
tient’s understanding of the disease process is es-
sential. It increases his compliance to therapy, but al-
so allows him to immediately recognize and report
life-threatening symptoms, such as dysphagia and
dyspnoea, which — if not treated immediately — lead
to respiratory insufficiency, responsible for the mor-
tality of MG.
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History

Thymus transplantation was first attempted in the
1960s and 1970s using fetal thymus tissue [1,2]. The
results overall were disappointing [3-6]. In part the
poor outcomes related to the lack of reagents need-
ed to characterize and identify the patients into those
who were truly athymic (complete DiGeorge anom-
aly) and those who had bone marrow stem cell prob-
lems (severe combined immunodeficiency). It is al-
so possible that the fetal thymus tissue was too small
to reconstitute a human infant [7]. The use of fetal
thymus carried the risk of fatal graft versus host dis-
ease since mature T-cells can be found in the human
thymus by the end of the first trimester [3]. By 1986,
in a review of 26 infants treated with fetal thymus
transplantation, 22 had died; the other 4 patients had
achieved a 3-year survival [6].

Important research was conducted in animals in
the 1970s and 1980s which would provide the back-
ground for improved outcomes. Hong and colleagues
showed that thymus transplantation from complete-
ly mismatched mouse strains could reconstitute
T-cells in nude mice [8]. In the 1980s and 1990s
Haynes and colleagues performed animal experi-
ments in which postnatal human tissue was trans-
planted into mice [9]. Dr. Haynes had reported in the
early 1990s [9] that fragments of postnatal human
thymus (readily available as discarded tissue from
exposure of the heart in congenital cardiac surgery)
could be transplanted in the SCID/human mouse
model. If the mice were pretreated with an antibody
against murine NK cells and macrophages, the human
thymus tissue remained viable and murine T-cells
colonized the thymus within 1-3 months. Human
thymopoiesis did not develop as there was not a
source of human stem cells.

In addition to the animal experiments that were
essential for the development of the current thymus
transplantation trials, other advances in the 1980s
and 1990s allowed for critical advancement of the
field. Dr. Haynes and other investigators developed
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monoclonal antibody reagents that identified com-
ponents of the human thymus [10-12] and the
earliest stages of human thymocyte development
[13, 14]. In the 1990s, the ability to stain the cul-
tured tissue for cytokeratin and other thymic ele-
ments allowed Markert and Haynes to develop cul-
ture conditions that maximized the viability of the
cultured thymus slices [15]. Other monoclonal an-
tibodies were developed to identify naive T-cells
[16]. This progress allowed accurate determination
of the presence of thymically derived T-cells. At the
same time the underlying immunodeficiencies were
better defined. In particular, the difference between
partial and complete DiGeorge anomaly was clari-
fied, with the partial DiGeorge anomaly patients
having a small thymus versus the complete
DiGeorge anomaly patients having no thymus at all
[17-19]. The former had some thymic-derived
T-cells that could reject transplants. The latter did
not have thymically derived T-cells; thus engraft-
ment was facilitated.

Patient Population

The target population for thymus transplantation is
the group of athymic infants with complete DiGeorge
anomaly. DiGeorge anomaly is characterized by de-
fects in organs derived from the 3rd and 4th pharyn-
geal pouches and the intervening 4th pharyngeal arch
[20]. The parathyroid, thymus and heart are variably
affected [19, 21-25]. Most infants have some para-
thyroid deficiency and require calcium replacement
[26]. Typical heart defects include interrupted aortic
arch type B and truncus arteriosus, although some
patients have no cardiac defect at all [23, 26]. In
complete DiGeorge anomaly, the thymus is absent.
Other common problems in infants with complete
DiGeorge anomaly include speech delay, aspiration,
gastroesophageal reflux, rib or vertebral anomalies,
renal abnormalities, atypical facies, developmental
delay, hearing or visual deficits, 7th nerve palsies,
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and cleft palate. Approximately half of children with
complete DiGeorge anomaly have 22ql1 hemizy-
gosity [26-28]; approximately 20% have CHARGE
association (coloboma, heart defect, choanal atresia,
growth or developmental retardation, genital hy-
poplasia, and ear anomaly or deafness) [26, 29, 30]
often with CHD7 mutations [31]; approximately
15% are infants of diabetic mothers [26, 32, 33]; and
the remaining infants have no genetic or syndromic
associations [26]. All athymic infants have a fatal
condition and succumb to infection within the first 2
years of life because of their profound immunodefi-
ciency [17].

Complete DiGeorge anomaly may present with
two different phenotypes. The majority of infants
have “typical” complete DiGeorge anomaly. These
infants usually have very few T-cells (<50/mm?) and
always have fewer than 50 naive T-cells/mm’. Naive
T-cells are recent thymic emigrants that co-express
CD45RA and CD62L [16]. Almost all of these in-
fants will lack a proliferative response to the mito-
gen phytohemagglutinin (PHA) [17]. These infants
do not have a rash. At some point after birth many
infants with complete DiGeorge anomaly will de-
velop circulating oligoclonal T-cells associated with
rash and lymphadenopathy [34-36]. This phenotype
is called “atypical” complete DiGeorge anomaly
[34]. Patients with atypical complete DiGeorge
anomaly resemble those with Omenn’s syndrome
[37-39]. The skin on biopsy shows spongiotic der-
matitis with T-cell infiltration [34]. The T-cells ap-
pear to have developed without having been “edu-
cated”. The oligoclonal T-cells seem to attack the in-
fant and do not protect against opportunistic
infections. These T-cells have infiltrated the liver, as-
sociated with hepatomegaly and elevated liver
transaminases (unpublished). Strikingly, the oligo-
clonal T-cells can expand to very high numbers such
as 40,000/mm? (unpublished). Despite the high T-cell
numbers, less than 5% are naive in phenotype. The
peripheral T-cells may or may not proliferate in re-
sponse to PHA. The two phenotypes of complete
DiGeorge anomaly must be distinguished because
the atypical patients can reject thymus transplants.
Atypical patients require peritransplantation im-
munosuppression.

Screening of Recipients for Transplantation

Currently in the USA, an Investigator New Drug
(IND) application with the Food and Drug Adminis-
tration (FDA) is required for thymus transplantation.
Because thymus transplantation is an experimental

procedure, all transplantation is conducted under In-
stitutional Review Board (Ethics Committee)-
approved and FDA-reviewed protocols. Informed
consent is obtained from parents of the donors and
recipients prior to thymus transplantation.

The recipients are screened prior to transplanta-
tion to confirm the diagnosis of athymia and to bet-
ter characterize the subject. For the diagnosis of
athymia, the subject must have fewer than 50/mm?®
naive T-cells in the peripheral blood on flow cytom-
etry. In atypical complete DiGeorge patients with
oligoclonal T-cells, less than 5% of circulating T-cells
can be naive in phenotype. Stimulation of peripher-
al blood mononuclear cells with the mitogen phyto-
hemagglutinin is done to characterize the patient’s
T-cell response and determine if immunosuppression
will be required. Every subject is tested for 22ql1
hemizygosity.

In infants with rash and circulating T-cells, ad-
ditional studies are performed. The clonality of the
T-cells is assessed by flow cytometry and spec-
tratyping [40]. T-cell receptor rearrangement exci-
sion circles (TREC) are quantified [41]. TRECs are
episomes of DNA that form when the V, D, and J
segments of DNA come together to encode the vari-
able portion of the T-cell receptor chains. Absence
of TRECs confirms the diagnosis of athymia made
by the flow cytometry showing a lack of naive
T-cells.

In the atypical patients, maternal engraftment
[42] and graft versus host disease (GVHD) from
unirradiated blood transfusions must be ruled out.
DNA is obtained from the infant’s buccal swab and
from the mother. The DNA samples are compared
using molecular methods to DNA extracted from
T-cells isolated from the infant’s peripheral blood.
GVHD from a blood transfusion is a life-threatening
complication. The only infant who presented with
GVHD in our series died despite intensive therapy
to try to suppress the third party T-cells. Maternal
cells are rarely seen in atypical complete DiGeorge
anomaly. Their affect on transplant outcomes is not
known at this time.

To prepare for transplantation, standard testing is
conducted to assess the medical condition of the in-
fant. Testing includes electrolytes, liver transami-
nases, renal function (creatinine, blood urea nitrogen,
urinalysis, renal ultrasound), and HLA typing. A car-
diac evaluation is performed to assess suitability for
surgery. As for other transplant recipients, the sub-
jects are screened for HIV-1 and hepatitis B and C.
Subjects are also screened for human herpes virus 6
(HHV6), Epstein Barr virus (EBV), and cyto-
megalovirus (CMV). HHV6 may have a detrimental
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affect on thymus development [43]. EBV and CMV
are worrisome infections for infants with profound
immunodeficiency as they can cause severe disease
and may also be associated with lymphoproliferative
disease [44-47]. Parents are counseled during the in-
formed consent process that these infections may af-
fect outcomes. If EBV or CMV is present, anti-viral
therapy is instituted.

Infants are screened for autoimmune disease
with complete blood counts, thyroid studies,
Coombs antibody test, a urinalysis, and anti-HLA
antibodies. If the subject has anti-HLA antibodies,
the thymus used for transplantation cannot have the
specific HLA antigens detected by the anti-HLA an-
tibodies.

Donor Screening for Thymus Transplantation

The thymus tissue is obtained as tissue discarded
during cardiac surgery. The surgeon removes thy-
mus tissue to access the surgical field to improve
the cardiac surgical outcome. The transplant team
is called for all discarded thymuses. If an infant is
awaiting thymus transplantation, the transplant
team requests permission to approach the parents
to obtain consent to use the discarded tissue for
transplantation, to obtain blood and urine from the
donor infant, and to obtain blood from the donor’s
mother.

The thymus donors are extensively screened for
infectious diseases. The guidelines published by the
FDA in the Code of Federal regulations are followed
[48]. Thymus tissue is screened for hepatitis B, he-
patitis C, EBV, and CMV by PCR. The thymus donor
is screened for CMV infection by urine culture and
by PCR of the blood. The donor is also screened for
EBYV by PCR of the blood. For donors over 1 month
of age, additional screening is performed for HHV6
and West Nile Virus by PCR. All standard donor
screening [48] is conducted on blood, including test-
ing for hepatitis B and C, HIV-1, HIV-2, HTLV-1,
HTLV-2, and syphilis.

The immune status of the donor infant is tested
by flow cytometry to confirm normal percentages of
total T, CD4, CD8, naive CD4, naive CD8, and B and
NK-cells. Testing for 22q11 and HLA typing is per-
formed on thymocytes that are harvested at the time
of tissue slicing. Hemizygosity for 22q11 excludes a
thymus donor.

The donor’s parents are asked about autoimmune
disease in themselves and the donor’s siblings. Ex-
clusion criteria include type I diabetes, thyroid dis-
ease, common variable immunodeficiency, lupus

erythematosis, Crohn’s disease, ulcerative colitis,
and rheumatoid arthritis.

The donor’s mother is tested for the same infec-
tions as the donor plus toxoplasmosis and Chagas
disease. If the mother is IgG positive for toxoplas-
mosis, the infant is tested as well. The mother is test-
ed for antibodies to CMV and EBV. Results consis-
tent with acute infection lead to exclusion of the
donor. In addition, extensive questionnaires are re-
viewed with the donor’s parents to review risk fac-
tors for Creutzfeldt-Jacob disease, small pox expo-
sure, severe acute respiratory syndrome (SARS)
exposure, and West Nile disease exposure. Lastly, the
mother is asked a series of lifestyle questions, in-
cluding a sexual history to assess risk for HIV-1 and
hepatitis.

Tissue Processing and Tissue Screening for
Thymus Transplantation

The thymus tissue is brought to the laboratory and
sliced aseptically using a Stadie-Riggs microtome
[49] (Fig. 30.1). The slices are approximately 0.5-1
mm thick. Slices are placed on Millipore filters on
surgical sponges which serve as rafts. Four filters are
placed in each cell culture dish (Fig. 30.1) in thymus
organ medium. The medium contains fetal calf
serum, Hams F12, and HEPES [26]. The medium is
aspirated daily and new medium is dripped onto the
filters. This practice helps remove the T-cells from
the tissue slices. All procedures are performed under
Good Tissue Practices [50] under Standard Operat-
ing Procedures.

Donor tissue, thymocytes, and nucleic acid sam-
ples are stored on the day of harvest. These samples
include DNA that can be used later to evaluate the
recipient for graft versus host disease. Samples of tis-
sue are stored frozen. Formalin fixed tissue is em-
bedded in paraffin.

The identity of the tissue as thymus is confirmed
by visual inspection and by immunohistochemistry
from frozen or formalin fixed sections on the day of
harvest, a culture midpoint approximately 3-7 days
prior to transplantation, and on the day of transplan-
tation.

Multiple sterility tests are performed. The culture
medium is pooled on the day after harvest, at ap-
proximately 1 week prior to transplantation, approx-
imately 3 days prior to transplantation and on the day
of transplantation. The media are cultured for bacte-
ria, fungus, and mycoplasma per the United States
Pharmacopeia (USP). An endotoxin assay of pooled
supernatant, using the limulus amoebocyte lystate as-
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Fig. 30.1a-d Thymus processing. a Slicing equipment in the biosafety cabinet. Petri culture dishes are on the left,
the thymus is on the right in the container. b The appearance of the thymus that is obtained from the operating room.
c A slice of thymus. d Slices of thymus tissue that will be held in the tissue culture incubator until transplantation

say, is performed within 24 h of transplantation, and
a Gram stain of pooled supernatant is assessed im-
mediately prior to transplantation.

The dose of the thymus is ascertained the day pri-
or to transplantation by physical measurement of all
the pieces in each culture dish, estimating the length,
width, and thickness of each piece. The dose range is
between 4 and 18 g per meter squared of recipient
body surface area.

Preparation of the Recipient for
Transplantation

The initial immune screening of infants is used to de-
termine if immunosuppression is required (reviewed
in [26]). Infants with typical complete DiGeorge
anomaly with low proliferative responses to PHA are
not treated with immunosuppression before or after
transplantation.
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The use of PHA to determine the need for im-
munosuppression is problematic because PHA re-
sponses are not standardized. Three concentrations of
PHA are used, and triplicate cultures of peripheral
blood mononuclear cells are incubated for 3 days (or
3 and 4 days if sufficient cells are available). The
highest proliferative result is used for the determi-
nation. Our laboratory uses a response of over 5,000
counts per minute (cpm) or greater than a 20-fold re-
sponse over background as the threshold for requir-
ing immunosuppression. Studies are underway to
standardize the PHA assay so that responses are com-
parable.

All infants with atypical complete DiGeorge
anomaly are treated with cyclosporine before and af-
ter transplantation. Steroids are added depending on
the T-cell counts. In the 5 days prior to transplanta-
tion the atypical infants are treated with 3 doses of
2 mg/kg rabbit anti-thymocyte globulin concomitant
with steroids, diphenhydramine, and acetaminophen.

Occasionally, subjects with typical complete Di-
George anomaly have proliferative responses to PHA
over 5,000 cpm and more than 20-fold over back-
ground. These subjects have very few naive T-cells
(<50/mm® or less than 5% of total T-cells). They do
not have rash or lymphadenopathy. Because of the el-
evated proliferative response to PHA, they are also
treated with rabbit anti-thymocyte globulin and the
concomitant medications prior to transplantation. If
the proliferative response reaches 75,000 cpm, they
are treated with cyclosporine before and after trans-
plantation as well.

Cyclosporine is carefully monitored to maintain
trough levels between 180 and 220 ng/ml. Weaning
of the cyclosporine (over 8-10 weeks) begins once
naive T-cells reach 5% of the total T-cells. A current
focus of research is the management of atypical sub-
jects who have detectable maternal T-cells in the cir-
culation. Early weaning of the cyclosporine can lead
to reappearance of the maternal T-cells in the blood.
These maternal T-cells can threaten the integrity of
the thymus allograft.

Surgical Procedure of Thymus
Transplantation and Biopsy

Thymus transplantation is performed as an open
procedure under general anesthesia in the operating
room. As previously described [51], the thymus tis-
sue is brought to the operating room in the dishes that
have been used for culture. The tissue on the Milli-
pore filters is transferred into sterile petri dishes on
the operating table. The thymus tissue is placed into

incisions in the quadriceps muscles bilaterally.
Bleeding is minimized. Each piece is placed into its
own pocket in the muscle and a suture is placed over
the pocket to prevent the tissue from being extrud-
ing out of the muscle.

A biopsy of the transplanted tissue is performed
2-3 months after transplantation as an open proce-
dure in the operating room. The initial incision is
opened and the surface of the quadriceps muscle is
accessed. Approximately four 5X5 mm pieces of tis-
sue are obtained directly below 4 of the sutures that
were used to close the muscle and that marked the
location of the transplanted tissue. For each sample,
part is frozen and part is placed in formalin and em-
bedded in paraffin. Both parts are examined by im-
munohistochemistry. The presence of cytokeratin
reveals the graft has been successfully sampled.
Lymphocytes reactive with antibodies to CD3,CDla,
and Ki-67 (nuclear proliferation marker) are cortical
thymocytes. The presence of these cells in the con-
text of cytokeratin has been associated with devel-
opment of naive T-cells in the blood at 4-6 months
after transplantation in all 23 biopsies with this find-
ing to date. Figure 30.2 shows an allograft biopsy
with cortical thymocytes and lacy thymic epithelium.

Clinical Outcomes

Subjects tolerate the surgical procedures with only
occasional problems of dehiscence and inflammation
around sutures. Figure 30.3 shows the Kaplan Meier
survival estimate. Survival after transplantation is
73% with most deaths occurring in the first year af-
ter transplantation. These deaths are usually related
to infection, cardiac, or pulmonary issues. One trans-
plant recipient died of a sudden cardiopulmonary ar-
rest 4 years after transplantation. The subject had un-
dergone a second stage repair of her heart defect that
had many complications 2 months prior to the event.
It was assumed that the cause of death was a cardiac
arrhythmia.

Prophylaxis for Pneumocystis jarovecii is stopped
after the development of antigen-specific T-cell re-
sponses after 1 year. Discontinuing the prophylaxis
has been possible in all subjects except for one who
has ectodermal dysplasia and does not have T-cell
proliferative responses to antigens. No subjects have
developed pneumocystis infections after prophylax-
is has been stopped.

Morbidity from infection is greatly reduced by
1 year after thymus transplantation. Viral infections
that previously would have probably resulted in pro-
longed hospitalizations and that have resulted in the
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Fig.30.2a,b Biopsy of thymus allograft. The biopsy from an atypical patient on day 66 after transplantation. a Cytoker-
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death of patients (e.g., parainfluenza virus, RSV)
have been associated with mild symptoms similar to
those of other children, such as cough and fever. By
1 year, infections are usually followed in an outpa-
tient setting without therapy. Problematic infections
seen after 1 year are usually those caused by anatom-
ic or neurologic problems, such as bronchomalacia
leading to respiratory infections, abnormal ear and si-
nus anatomy (such as choanal atresia) resulting in oti-
tis and sinusitis infections, and aspiration leading to
recurrent aspiration pneumonias. The one exception

in the author’s series is one subject who had complete
DiGeorge anomaly associated with ectodermal dys-
plasia. This subject developed naive T-cells and a
polyclonal repertoire but has not been able to mount
antigen-specific responses. This subject has had sig-
nificant viral infections requiring prolonged hospi-
talizations.

Autoimmune disease is a frequent complication
after thymus transplantation found in 42% of sub-
jects over 1 year post transplantation. Of the 31 in-
fants who are more than 1 year after transplantation,
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8 (26%) have developed autoimmune thyroid dis-
ease and are on replacement therapy. One of these
infants developed alopecia totalis, which has not
been responsive to therapy. A second of these infants
with thyroid disease had previously developed
nephrotic syndrome which responded to a 2-month
course of steroids. (A renal biopsy was not per-
formed.) Three additional subjects had transient
episodes of thrombocytopenia. Two subjects devel-
oped autoimmune hemolytic anemia associated with
viral infections. One of the subjects with anemia
subsequently developed autoimmune hepatitis.
These complications have responded to treatment.
The one subject who developed autoimmune he-
molytic anemia associated with HHV6 infection
followed by autoimmune hepatitis continues on im-
munosuppression. These adverse events should be
considered in the context of the high background of
autoimmune disease in DiGeorge anomaly and in
other primary immunodeficiencies such as severe
combined immunodeficiency (SCID). Six subjects
enrolled in transplantation protocols in the Duke se-
ries developed thyroid disease prior to transplanta-
tion. Thyroid disease has been described in partial
DiGeorge anomaly [52-55] and in SCID after bone
marrow transplantation [56]. Autoimmune cytope-
nias are a common and often severe complication of
partial DiGeorge anomaly [57-59]. It is not clear at
this time whether the autoimmune disease seen af-
ter transplantation is secondary to defective thy-
mopoiesis or to the underlying genetic background
of the recipient. Interestingly, neonatal thymectomy
in an animal has been shown to increase the rate of
spontaneous thyroiditis [60], suggesting that the
mass of the thymus may be important for prevent-
ing thyroid disease.

The most severe adverse event occurred in the
subject who received the largest dose of thymus tis-
sue (23 g/m* body surface area). This subject pre-
sented with atypical complete DiGeorge anomaly.
Most of the circulating T-cells were double negative
(CD3"CD4°CD8"). Large expansions of TCRBV3*
T-cells were observed. Five months after transplan-
tation, CD4* T-cells became the predominant popu-
lation and the TCRBYV repertoire normalized, sug-
gesting that T-cells were emerging from the thymus.
No naive T-cells were detected. At the same time the
subject developed severe unrelenting enteritis and
colitis. This condition required high doses of im-
munosuppression to reverse. The subject died from
a fungal infection, likely related to the steroid ther-
apy. Because of this adverse event the maximum
dose of tissue was lowered to 18 g/m? body surface
area.

Immune Qutcomes

All 31 subjects who are now more than 1 year after
transplantation have developed naive T-cells with the
exception of DIG208 who remains on immunosup-
pression for autoimmune hepatitis (Fig. 30.4). Out-
comes of CD3, CD4, and CD8 counts and PHA re-
sponses have recently been reported [26] and show
improvements in all subjects. The CD4:CDS8 ratio is
normal in all subjects after transplantation. The CD4
and CD8 numbers are at approximately the 10th per-
centile for age. Naive CD4 and CDS8 numbers also
increase to the 10th percentile for age (Fig. 30.4).

The T-cell receptor beta variable chain family
repertoire normalizes after transplantation and has
been reported for both typical patients [61] and atyp-
ical patients [40]. An example of normalization of
repertoire in an atypical patient is shown in Fig. 30.5.

T-cell function, as assessed by proliferative re-
sponses to antigens and alloantigens, normalizes
within the first 2 years of transplantation. Antigen-
specific T-cell proliferative responses to tetanus tox-
oid have developed in all subjects after 1 year with
the exception of DIG208 (who is still on immune
suppression) and DIGO17 (who has ectodermal dys-
plasia). Mixed lymphocyte reactions show normal re-
sponses to alloantigens. Of interest, the recipients are
tolerant toward their thymus donor in mixed lym-
phocyte reactions [62].

B-cell function is tested 2 years after transplanta-
tion when replacement immunoglobulin is stopped.
Table 30.1 shows serum immunoglobulin levels. For
IgG, these values in the table are the most recent ob-
tained after stopping immunoglobulin replacement.
The IgA, IgM, and IgE values included in this table
are the most recent levels obtained 1 year after trans-
plantation. Serum IgG levels are low for age in only
1 of 18 subjects tested. Of note, the subject with the

Table 30.1 Serum Immunoglobulins in patients over 1 year
after transplantation

Isotype # High Normal Low
IgG' 19 1719 18/19 0/19
(5%) (95%) (0%)
IgA 31 4/31 25/31 2/31
(13%) (81%) (6%)
IgM 31 1/31 25/31 5/31
(3%) (81%) (16%)
IgE 30 6/30 23/30 1/30
(20%) (77%) (3%)
' Serum IgG values are for subjects more than 2 years after
transplantation who are off immunoglobulin replacement
therapy (n=22) for whom levels are available.




262  M.L.Markertetal.

1000

Cells/mm?

500

400

Cells/mm?
w
o
o

# Naive CD4 cells in 17 patients over 1 year after transplantation
(without suppression)

mean

Year after Transplantation

# Naive CD8 Cells in 17 patients over 1 year after transplantation
(without suppression)

mean

Year After Transplantation

Fig.30.4a-d Development of naive T cells after thymus transplantation.The 10th percentile and mean for children aged
2-6 years are shown [65]. Each subject is an separate line
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Fig.30.5 Spectratype analysis of TCRBV diversity before and after transplantation in a subject with atypical complete Di-
George anomaly. The panel on the left is day 19 with respect to transplantation. The panel on the right is day 301 after
transplantation.Each profile represents a different TCRBV family. The bottom right profile in each panel is derived from Jur-

kat cells that express TCRBV8

Table 30.2 Specific antibody formation after thymus trans-
plantation

Tetanus antibodies tested after 2 years (not done in 6)’
Normal 17
Low 1

Pneumovax (CHO) antibodies after 2 years (not tested in 8)'

Responses to 3 or more serotypes 14
Responses to 1-2 serotypes 2
No significant responses 0
Isohemagglutinins after 1 year (not done in 10)?
Normal 7
Low 9
Negative 5

124 subjects are over 2 years after transplantation. Twenty-two
are off immunoglobulin therapy, 2 are on immunoglobulin
therapy (one because of chronic aspiration). These antibody
titers were obtained after immunoglobulin replacement was
stopped.

2All values listed were obtained at least 1 year from trans-
plantation in the 31 subjects over 1 year after transplantation

low IgG level makes antigen-specific antibodies [26].
IgA is elevated in 4 subjects. Two have CHARGE,
one of whom has recurrent sinusitis secondary to
choanal atresia. Another with elevated IgA has re-

current aspiration pneumonias. Only 2 subjects have
low IgA despite the finding being common in partial
DiGeorge anomaly [63]. IgE levels are elevated in
20%. Several subjects had low IgM levels, which was
an unexpected finding although recently 3 subjects
with 22q11 deletion were reported as having selective
IgM deficiency [64]. Antibody titers are shown in
Table 30.2. Tetanus toxoid and pneumococcal anti-
carbohydrate antibodies to unconjugated vaccines
are shown. These titers are obtained after im-
munoglobulin replacement is stopped. Most subjects
generate normal antibody responses. The serum iso-
hemagglutinins remain low or absent in a majority of
subjects. This observation may correlate with the low
IgM values in some subjects. Antibody formation is
a current area of research.

Summary

Thymus transplantation is a promising therapy for the
athymia of complete DiGeorge anomaly. The survival
rate after transplantation is 73%, with follow-up as
long as 14 years. Only one subject has died more than
1 year post transplantation. Excellent T- and B-cell
function and a diverse T-cell repertoire develop in
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most subjects. Over 90% are able to stop Pneumo-
cystis prophylaxis and immunoglobulin replacement
therapy. Immune reconstitution occurs when recipient
T-cells develop in the donor thymus tissue. These re-
cipient T-cells are tolerant toward the donor thymus.
Autoimmune disease, especially thyroid disease and
cytopenias, has been seen in a subgroup of subjects.
The subjects continue to be followed for immune com-
petence, thymic function, and adverse events.
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