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INTRODUCTION

Gout is a metabolic disorder caused by hyper-
uricemia resulting in deposition of crystals of
monosodium urate in joints and other tissues [1]. Clin-
ical manifestations include recurrent attacks of articular
and periarticular inflammation, accumulation of artic-
ular, osseous, soft tissue and cartilage crystalline de-
posits, called tophi, interstitial nephropathy with renal
function impairment and sometime uric acid calculi in
the urinary tract. Deposition of crystals may continue
for months or years without causing symptoms until
shedding of crystals into synovial fluid triggers the first
episode of acute gout.

Gout is considered a progressive disease that, with-
out effective long-term treatment, may progress to se-
vere tophaceous gout with joint damage and significant
functional impairment. Much of disability in chronic
gout is due to the presence of tophi that may be asso-
ciated with a destructive deforming arthritis and may
ulcerate. The metabolic disorder underlying gout is hy-
peruricemia which is defined as serum urate concen-
tration more than 7.0 mg/dl for men and 6.0 mg/dl for
women [1]. Not all subjects with hyperuricemia de-
velop gout and a long period of asymptomatic hyper-
uricemia may precede the first acute attack. Hence, by
itself, hyperuricemia is not sufficient for the expression

of gout and asymptomatic hyperuricemia is very com-
mon and, in the absence of gout, is not a disease.

HISTORY

Gout was first identified by the Egyptians in 2640 BC
and is one of the oldest recognized diseases [2]. Hip-
pocrates described it as “arthritis of the rich” due to the
association with certain foods and excessive alcohol. He
believed that gout developed after accumulation of bod-
ily humors, such as “phlegm” which resulted in the
painful distension of joints after dietary and sexual ex-
cess and a sedentary life. His dictums on diet include
advice on the preparation and content of foods, and he
recommended moderation, but not abstinence, from
wine, “whereby the humors may be kept in healthy
balance and disease obviated”. Called the “king of dis-
eases” and “disease of kings”, gout is perhaps more the
disease of plenty. The term “gout”, not used until the
13th century, is derived from Latin “gutta” (a drop)
which reflects the notion that gout resulted from a local
instillation of malevolent humor. These concepts have
been ironically illustrated (Figure 1) in paintings of rich
persons afflicted with gout. Although many of the ad-
vances in the understanding and therapy of gout have
emerged in the 20th century, it is worth noting that some
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of the fundamental discoveries such as the identifica-
tion of crystals as urate and the demonstration of urate
in tophi, date back to the 17th and 18th centuries. In the
20th century there have been major advances in our
knowledge of the etiology of hyperuricemia and the
management of gout has been facilitated by the devel-
opment of many drugs.

The earliest recorded drawings of crystals taken from
a tophus are those of Van Leeuwenhoek in 1679 [3].
However, he did not recognize that they were crystals
and was unaware of their chemical composition. A cen-
tury later, Wollaston was able to show that material ob-
tained from a tophus in his own ear was composed of
sodium urate.

Elevated levels of uric acid in the serum of patients
with gout were demonstrated by Garrod. Crystals of
uric acid were seen to form along a linen fiber sus-
pended for 18-48 hours in the acidified serum of gouty
patients [4].

OLD THeRAPIeS

Hippocrates, in his aphorisms [5], reported that
swellings and pains in the joints in most cases are re-
lieved by a local copious affusion of cold water which
reduced the swelling and removes the pain. But he
also recommended heat and counter irritation. Uncer-
tainty about the best approach to the local treatment
of the acute gout persisted for the next centuries [6].
In the first century AD Celsus advocated warm appli-
cations according to the intensity of inflammation and
advised great caution with regard to cold. Avicenna,
in the 11th century, subscribed to this belief and rec-
ommended that intractable joints could be cauterized
lightly with a hot iron through a layer of salt and oil.
Yet earlier Aretaeus the Cappadochian was the first to

suggest that a specific toxic product or “peccant
humor” was the cause of gout and observed that local
refrigeration was more helpful than warmth in pa-
tients who have “hot species” of arthritis. He asserted
the efficiency of cold sea water baths followed by an
unction of the joint with oil or a cold poultice of cu-
cumber, lemon peel, plantain leaves and rose petals
wrapped in the unscoured wool of a sheep to which
a little of rose oil or wine was added periodically.
Nevertheless, extreme heat and counter irritation be-
came fashionable for the treatment of acute gout in the
17th century with introduction of the new treatment
with moxa. Moxa was a fluffy cotton like plant that
was placed on the inflamed joint and ignited. In the
18th century hydrotherapy was introduced in Britain
at spas predominantly for the treatment of gout. The
history of more targeted and more specific therapies
began with the use of colchicum for the treatment of
“arthritis” approximately 4000 years ago. Hippocrates
advocated powerful purgation with white Hellebore
for intractable cases of chronic gout as he believed
that the best natural relief for this disease is an attack
of dysentery, but there is nothing to suggest that he
was aware that it might have more specific value in
patients who had acute attacks of gout. In the 6th cen-
tury AD a byzantine physician, Alexander of Tralles,
used Hermodactyl extracted from the corm of
Colchicum variegate, a species similar to Colchicum
autumnale, as a more selective and specific remedy.
Aetius of Amida, another byzantine physician, in the
6th century AD, probably was the first to understand
clearly that the therapeutic effect of Hermodactyl were
distinct from the gastrointestinal effects.

ePIDeMIOLOGY

The epidemiology of gout is difficult in determining
the precise prevalence and the incidence rate because
of the remitting and relapsing nature of the disease, as
well as the propensity to misdiagnosis by patients and
to a lesser extent by clinicians. The urate concentrations
in various populations have been studied extensively.
Furthermore, the risk of developing gout at a particular
urate concentration has been the subject of several
studies. However, the epidemiology of gout is different
from that of hyperuricemia. Gout is predominantly a
disease of adult men, with a pick incidence in the fifth
decade. The disease rarely occurs in men before ado-
lescence or in women before menopause. It is a com-
mon disorder that frequently results in significant
short-term disability, occupational limitations and uti-
lization of medical services. In 1986, the prevalence of
self reported gout in the United States was estimated
to be 13.6 per 1000 men and 6.4 per 1000 women [7].
The prevalence has increased over the past few decades
in the United States as in other countries that have aFigure 1.
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high standard of living. The study of prevalence in the
UK showed that gout is predominantly a disease of
older men. Gout becomes more common in women
after the menopause [1, 7] . Multiple genetic and envi-
ronmental influences prompt the chain of events that
regulate uric acid formation, transport and disposal.
Among environmental factors modifying serum urate
concentration are body weight, diet, lifestyle and social
class. An example of the interplay between genetic and
environmental factors in determining hyperuricemia is
provided by the higher mean serum urate levels among
Filipinos living in the United States versus individuals
of identical racial background living in the Philippines
[8]. The limited ability of members of this population
group to excrete uric acid supports the hypothesis that
a tendency toward hyperuricemia is inherited and is
manifested when a diet with a relatively high purine
content, such as the usual American diet, is ingested.
The epidemiology of gout in New Zealand is another
example that exemplifies genetic and environmental
interactions and importance of lifestyle factors in the
development of gout. The Maori have marked genetic
predisposition to hyperuricemia and gout [9]. How-
ever, prior to the 18th century, Maori never experienced
gout. Following the imposed extreme changes in diet
and lifestyle that followed European settlement, gout
appeared in the Maori and showed an increase in
prevalence in the 20th century to possibly the highest
in the world. In three surveys there was a doubling of
prevalence recorded from 1958 to 1992 as well as an
increase in proportion of patients with tophi, a younger
age of onset of gout and an increase in familial cases.
As far as concerns the familial occurrence of gout it is
reported in about 20% of affected patients and hyper-
uricemia has been demonstrated in one-fourth of first-
degree relatives of gout patients.

GeNeTICS

Common primary gout in men often shows strong fa-
milial predisposition to gout but the genetic basis re-
mains unknown. Twin studies have shown high
heritability for uric acid renal clearance. Recent studies
have particularly focused on genes regulating urate
transport. The SLC22A12 gene codes for human urate
transporter 1 (URAT1), a member of the organic anion
transporter family that, together with other recently
identified transporters, is important in controlling re-
absorption of uric acid from the renal tubules. A poly-
morphism of this gene has been associated with
under-excretion of uric acid and hyperuricemia in Ger-
man Caucasians [10] and a mutation in the gene coding
for URAT-1 has been shown to be protective for devel-
opment of gout in a Japanese cohort [11]. Furthermore,
an association of SLC2A9 [12] with gout has been
demonstrated in samples of Maori population.

ASYMPTOMATIC HYPeRURICeMIA

Hyperuricemia alone is seldom a reason for treatment
[1]. However hyperuricemia is clearly a risk factor for
the development of gout, the risk increasing with a
higher urate concentration. Over a period of years mod-
erate hyperuricemia, may lead to gout arthritis, tophus
formation and, less commonly, nephrolithiasis. Al-
though there is a little long-term risk of tophus forma-
tion in patients with a plasma urate level of 7-8 mg/dl,
there is increased risk with higher levels. The causes
of hyperuricemia should be determined (renal disease,
the use of some drugs, for example) and associated
problems such as hypertension, alcoholism, hyperlipi-
demia or obesity should be demonstrated.

PURINe MeTAbOLISM AND SYNTHeSIS OF
URIC ACID

Uric acid is the normal end product of the degrada-
tion of purine compounds (Figure 2).

Unlike to the majority of mammals, uric acid is the
end product of purine metabolism in humans [1], due
to the loss, during the evolution period, of uricase activity
which degrades uric acid to more soluble allantoin. The
limit of solubility of monosodium urate in plasma is
approximately 6.7 mg/dl at 37°C. Thus the normal
adult mean (±SD) serum urate concentration (5.1±1.0
mg/dl in men and 4.0±1.0 mg/dl in women) provides
a narrow margin of safety for urate deposition. In hu-
mans, uric acid is derived both from the ingestion of
foods containing purines and from the endogenous
synthesis of purine nucleotides. The synthesis of

Figure 2. Uric acid metabolism in man.
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purine nucleotides involves biochemical pathways that
are closely regulated. In the pathway of purine synthe-
sis de novo, a purine ring is synthesized from small mol-
ecule precursors. The total miscible urate pool averages
about 1200 mg (range 800-1600) in normal men and
about one-half this value in normal women. Since uric
acid synthesis averages about 750 mg/day, an esti-
mated two-thirds of the urate pool turns over daily.
Gout is invariably characterized by substantial expan-
sion of the uric acid pool and urate supersaturation of
the extracellular space [13].

In order to maintain homeostasis, urate must be elim-
inated from the body as there is no uricase and thus no
metabolism of urate in human tissues. Approximately
two-thirds of produced urate is eliminated by the kid-
ney with the remainder being excreted into the alimen-
tary tract. The mechanism of urate excretion by the
kidney has been studied extensively, although most of
the conclusions about renal handling are indirect and
derived from alterations caused by administration of
some drugs. Almost all of the urate is filtered at the
glomerulus. Following filtration there is almost com-
plete reabsorption of urate in the proximal tubule such
that only a small amount of the filtered urate passes to
the distal tubule. 

PATHOGeNeSIS OF GOUT

Increased uric acid production and diminished uric
acid excretion by the kidney contribute substantially
to the hyperuricemia of patients with gout. Thus, pa-
tients with hyperuricemia and gout can be sub-classi-
fied according to the mechanism responsible for
hyperuricemia, overproduction or under-excretion of
uric acid or both mechanisms [1].

Urate over-production
Approximately 10% of patients with hyperuricemia

or gout excrete excessive quantities of uric acid in a 24-
hour urine collection, commonly defined as more than
800 mg of uric acid excreted while on a normal diet.
Isotope labeling studies demonstrated increased rates
of uric acid synthesis in such individuals. Inherited de-
rangements in mechanisms regulating purine-nu-
cleotide synthesis account for a very small minority of
patients with urate overproduction. The purine synthe-
sis and catabolism is particularly increased in Lesch-
Nyhan syndrome due to the Hypoxanthine-guanine
phosphoribosyltransferase (HGPRT) deficiency [14]. The
syndrome is characterized by high urate production as-
sociated with spasticity, choreoathetosis, mental retar-
dation and compulsive self-mutilation.

Urate under-excretion
Most patients with primary hyperuricemia or gout

(more than 90%) have a relative deficit in the renal

excretion of uric acid. Excretion of normal amounts of
uric acid is accomplished in these individuals only
when serum urate concentrations are inappropriately
high. As previously outlined, virtually all plasma
urate is filtered at the glomerulus with more than
95% of the filtered load undergoing proximal tubular
reabsorption. Subsequently, proximal tubular secre-
tion (of about 30% of the filtered urate load) con-
tributes the major share of excreted uric acid.
Post-secretory tubular reabsorption (of about 40% of
the filtered urate load) is another primary mechanism
of renal uric acid handling. 

Combined overproduction and under-excretion
Alcohol consumption promotes hyperuricemia by in-

creasing urate production and decreasing uric acid ex-
cretion. The higher purine content in some alcoholic
beverages is a factor and, in addition, excessive alcohol
consumption causes accelerated hepatic breakdown of
adenosine triphosphate (ATP) and increased urate pro-
duction. Furthermore, high alcohol intake may lead to
hyperlactic acidemia which blocks uric acid excretion.

Other factors influencing hyperuricemia and gout
The role of obesity in hyperuricemia is important. In

part, excessive dietary purines and alcohol may con-
tribute to the Hyperuricemia [15, 16]. However, obesity
per se is also associated with decreased renal excretion
of urate. Although all the mechanisms of causation in-
volved are not understood, the renal under-excretion
of urate is usually reversible with a weight-reduction
diet. Significant improvement in renal excretion of
urate may occur with only modest loss of weight. Sec-
ondary gout occurs in older subjects and is caused by
acquired conditions which affect turnover of nucleic
acids or renal excretion of uric acid, such as myelopro-
liferative disorders, lymphoproliferative disorders, cy-
totoxic drugs, fructose ingestion and metabolic
syndrome. Sex hormones imbalance has been impli-
cated in patients with gout. It has been reported that
both men and women with gout have low Follicle-
stimulating hormone (FSH), Luteinizing hormone (LH)
and beta-estradiol serum levels [17]. It seems most
likely that sex hormones primarily influence serum
urate concentrations through changes in renal uric acid
excretion. Furthermore, experimental studies have in-
dicated that sex hormones may also alter hepatic xan-
thine oxidase activity, with both oophorectomy and
testosterone treatment resulting in increased xanthine
oxidase activity. Some other studies hypothesized that
a failure of the protein urate-binding capacity resulting
in a significant increase of free uric acid are the charac-
teristic of gouty patients and the estrogen must be in-
cluded among the factors capable of increasing uric
acid-plasma proteins binding preventing the risk of
deposition of free uric acid in tissues. Indeed, an im-
paired urate-binding may result in a reduced urate sol-
ubility and facilitate urate deposition.
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PATHOGeNeSIS OF THe ACUTe ATTACK OF
GOUT

Gout was the first disease in which crystals were
identified in joint effusions and subsequently incrim-
inated in the pathogenesis of the arthritis. Intra-artic-
ular injection of urate crystals was shown to induce
gout-like attacks, even in normal subjects. However,
the finding of crystals in synovial fluids of asympto-
matic joints suggests that factors other than simply the
presence of crystals may be important in modulating
the inflammatory reaction. The ingress of neutrophils
in the joint cavity appears to be the most important
event for developing acute urate crystal induced syn-
ovitis. Intra-articular neutrophils can be activated both
by direct contact with crystals and by exposure to sol-
uble mediators. Urate crystals are direcly able to initi-
ate and sustain intense attacks of acute inflammation
because of their capacity to stimulate the release of nu-
merous inflammatory mediators.

The basic pathogenesis in acute gout attack involves
the response of polymorphonuclear leukocytes to the
formation of urate crystals [1]. Most evidence suggests
than an acute attack is associated with the shedding of
crystals from a preformed subsynovial formation. Both
the protein coating of the crystal and the nature of the
responding cell are important to the inflammato ry re-
sponse [18]. Crystals formed in vivo have a protein coat
which is necessary for a cellular response. Crystals
coated with IgG react with Fc receptors on the surface of
the responding cell promoting phagocytosis (Figure 3)
with the formation of phagolysosomes. When the
phagolysosomal enzymes strip the IgG from the surface
of the crystal, the hydrogen bond on the surface of the
crystal induce membranolysis of the phagolysosome and
cause rupture of cell from within, resulting in the release

of a variety of inflammatory mediators . These include
mediators such as cyclooxygenase and lipoxygenase
metabolites of arachidonic acid, phospholipase A2 acti-
vating protein, lysosomal proteases, interleukins IL-l,
IL-6 and tumor necrosis factor a (TNF a) [19, 20]. In
men, the first gout attack occurs between the fourth and
sixth decades of life. In women, age at onset is older and
varies with several factors, the most important being age
of menopause. The onset of a gouty attack is usually her-
alded by the rapid development of warmth, swelling,
erythema and severe pain in the affected joint. Pain
varies from moderate to its most intense level over an 8-
to 12-hours period. The intensity of pain may vary
among the patients. The initial attack is usually monoar-
ticu lar and in one-half of patients involves the first
metatarsophalangeal joint. Other joints that are fre-
quently involved in this early stage are the midfoot, an-
kles, heels, and knees and less commonly the wrists,
fingers and elbows. Gout does not always need to be ar-
ticular, with involvement of several sites including the
olecranon, the bursa and the Achilles tendon. Systemic
symptoms such as fever, chills and malaise may accom-
pany acute gout attack due to the systemic release from
the gouty joint into the venous circulation of IL-l, IL-6
and TNF a and may help to explain the capacity of the
acute gouty attack to affect joints in more than one re-
gion. The natural course of untreated acute attack varies
from episodes of mild pain that resolve in several hours
to severe attacks lasting 1-2 weeks. The acute gouty at-
tack may be self-limited by certain changes in not only
the physical properties and proteins coating intra-artic-
ular urate crystals, but also in the balance between pro-
and anti-inflammatory factors. However, the precise
mechanism of the spontaneous resolution of acute gouty
inflammation remains to be defined. The formation of
urate crystals is regarded as central to the pathogenesis
of gouty arthritis. In most instances, urate crystallizes as
a monosodium in oversaturated joint tissues. 

As mentioned above, only a minority of individuals
with sustained hyperuricemia develops acute arthritis
and chronic tophaceous gout. The reasons for this ex-
ceptions are poorly understood at present. Some recent
studies indicate that there may be important inhibitors
of urate crystal growth in synovial fluids and that pa-
tients with gout may have reduced inhibitory activity,
offering an explanation for the development of gout in
some, but not other, hyperuricemic subjects. 

The decreased solubility of sodium urate at the lower
temperature of peripheral structures such as the toes
and ears may help explain why urate crystals deposit
in these areas.

A variety of physicochemical factors may influence
crystal formation in tissues. A prerequisite is sufficient
concentration or supersaturation of uric acid in biolog-
ical fluids. Given appropriate conditions of low tem-
perature and pH, initial very small crystals may then
form. The driving force for such nucleation is a function
of the size of the crystals. It is only when a critical sizeFigure 3. Neutrophil phagocytosis of urate crystals.
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is reached that the stability and continuing crystal
growth takes place.

Several factors have been recognized as precipitants
of acute attacks of gout. These include acute illness,
trauma, surgery, alcohol (especially beer and some
wines) and drugs that either increase or decrease the
plasma urate concentration. The period between at-
tacks when the patients are asymptomatic has been
termed intercritical gout [1]. Since many patients with
a single attack of gout are either not diagnosed or are
overlooked in epidemiological surveys it is not pos-
sible to determine the proportion of patients who
have subsequent attacks. Nonetheless, it would ap-
pear that a significant majority of patients will have
more than one attack, with the second attack usually
occurring within one or two years. In a small minor-
ity of patients many years may elapse between at-
tacks.

Synovial fluid analysis and crystal identification
A definite diagnosis of gout attack is possible only

by aspiration and inspection of either synovial fluid or
tophaceous material and the demonstration of charac-
teristic monosodium urate crystals (Figure 4). The crys-
tals are usually needle or rod-shaped. On compensated
polarized microscopy they appear as bright, birefrin-
gent crystals that are yellow when parallel to the axis
of slow vibration on the first order color compensator
[2]. The crystals are usually intracellular during acute
attacks, but small, truncated extracellular crystals com-
monly appear as the attack subsides and during the in-
tercritical periods. The synovial fluid findings are
consistent with moderate to severe inflammation. The
leukocyte count usually falls between 5,000 an 80,000
cells/mm3 with an average between 15,000 to 20,000.
The cells are predominantly neutrophils [2].

TReATMeNT OF ACUTe GOUT ATTACK

The goal of treating the acute gout attack is to elimi-
nate the pain and other symptoms caused by the in-
tense inflammation. Many agents can be used
effectively, including colchicine, nonsteroidal anti-in-
flammatory drugs (NSAIDs) and corticosteroids [1, 21].
The sooner after onset of an attack that one of these
drugs are given, the more rapidly the signs of inflam-
mation will resolve.

Colchicine
Is an effective agent for the treatment of acute gout and

pain subsides within 48 hours in the majority of pa-
tients. Colchicine inhibits the polymerization of micro-
tubules of neutrophils by binding their protein subunits
and preventing their aggregation. Membrane- depend-
ent functions such as chemotaxis and phagocytosis may,
therefore, be disrupted. Colchicine also inhibits the pro-

duction of crystal-induced chemotactic factor and IL-6.
Most of the adverse effects of colchicine are dose-related
and will disappear if a sufficiently low dose is taken.
The principal adverse effects are gastrointestinal and
usually consist of diarrhea or vomiting. Prolonged high
dosage can lead to a malabsorption-syndrome and if suf-
ficiently severe, an hemorrhagic gastroenteritis. 

Nonsteroidal anti-inflammatory drugs
Nonsteroidal anti-inflammatory drugs are probably

used more often than colchicine for acute gout. Many
physicians prefer to use indomethacin, but other
NSAIDs may be just as effective. In general, NSAIDs
are started in their recommended maximal doses at the
first sign of an attack. The dose may be lowered as
symptoms resolve, but medication should be continued
until the arthritis has resolved totally for at least 48
hours. When used in this way, the response rate of
NSAIDs approaches that of oral colchicine. NSAIDs
may cause significant side-effects, most commonly gas-
trointestinal symptoms. These appear to be less com-
mon when NSAIDs are used to treat acute gout
compared to their use in other conditions.

Corticosteroids
Corticosteroids are usually reserved for patients in

whom colchicine or NSAIDs are contraindicated or in-
effective. There are reports of relapse or early recur-
rence complicating their use, however recent data
noted relapse infrequently. Response time was compa-
rable to that of NSAIDs. For acute gout, 20-40 mg doses
of prednisone (or equivalent other corticosteroids) are
administered daily for three to four days and then grad-
ually diminished over 1-2 weeks. If oral administration
is problematic, the hospitalized patients can be treated
by with equivalent doses of intravenous methylpred-
nisolone. Aspiration and intra-articular corticosteroids
injection is a useful alternative in the patient who has
attack in one or two large joints.

Figure 4. Urate crystals from Marcolongo, R. et al., Le Malattie
Reumatiche. Fisiopatologia e Clinica, UTET, Torino, 1991.
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Biological drugs
The discovery of inflammasome has stimulated the

investigation on the efficacy of IL-1 inhibition in acute
gout [22]. Three inhibitors have been studied to date,
canakinumab (anti-IL-1 monoclonal antibody), kineret
(Il-lRa) and rinolacept (IL-1 Trap). Both kineret and
rilonacept inhibit IL-1 signaling binding to bioactive
IL-l (both a and b forms), thereby inhibiting binding
to the IL-1 receptor [23]. In a small case series of pa-
tients who presented either intolerance or contraindi-
cations to NSAIDs and colchicine preliminary data
reported a rapid clinical response.

PROPHYLACTIC TReATMeNT OF
INTeRMITTeNT GOUT

The intercritical periods of acute intermittent gout are
as just characteristic of this stage as are the acute attacks
[1, 2]. The previously involved joints are virtually free
of symptoms. Despite this, monosodium urate crystals
can often be identified in the synovial fluid. Synovial
fluids containing crystals also had a higher mean cell
count than those with no crystals. These subtle differ-
ences may reflect ongoing subclinical inflammation. 

Modification of diet, drug regimen and lifestyle may
reduce the frequency of acute attacks and render daily
drug therapy unnecessary. Weight loss may yield ben-
eficial reduction in serum urate and dietary purine re-
striction may be an important adjunct to therapy,
although plasma urate reduction is usually modest. Al-
cohol must be avoided because it may both increase
production and impair excretion of uric acid. Dehydra-
tion and repetitive trauma (as encountered in certain
exercises or occupations) may be avoidable causes of
gouty attacks. Furthermore, diuretics and other drugs
known to contribute to hyperuricemia should be elim-
inated if possible. The decision to start prophylactic
therapy in individual patients depends on issues such
as toxicity cost, adherence, and patient tolerance of
acute attack. Prophylactic therapy ought not to be con-
sidered until one has decided to add an hyperuricemic
drug to the regimen. The use of prophylactic colchicine
without controlling the hyperuricemia allows tophi to
develop without the usual warning signs of acute
gouty attacks. The protracted use of small daily doses
of colchicine appears to be relatively safe.

CHRONIC TOPHACeOUS GOUT

This stage of gouty arthritis usually develops after 10
or more years of acute intermittent gout, although pa-
tients have been reported with tophi (Figure 5) as their
initial clinical manifestation. The transition form from
acute intermittent gout to chronic tophaceous gout oc-
curs when the intercritical periods are no longer free of

pain, the involved joints are now persistently uncom-
fortable and swollen, although the intensity of these
symptoms is much less than during acute flares. Gouty
attacks continue to occur against this painful back-
ground, and without therapy they may recur as often
as every few weeks [1, 2]. The amount of background
pain also steadily increases with time if appropriate in-
tervention is not started. Gout frequently associates
with kidney disease, each being a risk factor for the
other. Primary kidney disease can lead to hyper-
uricemia and it has been suggested that the increasing
prevalence of end-stage renal disease may be one cause
of recent increases in gout. Kidney damage secondary
to gout is associated with urate crystals and microtophi
in the interstitium and/or uric acid crystals within
tubules. Experimental studies suggest that hyper-
uricemia may accelerate chronic kidney disease, and
several data have demonstrated a significant and inde-
pendent association between uric acid levels and the
progression of chronic kidney disease. Gout is also an
independent risk factor for urolithiasis. Uric acid stones
occur in 10%-20% percent of all patients with gout.
The incidence correlates strongly with the serum urate
levels. The likelihood of developing stones reaches
50% when the serum urate is above 13 mg/dl.

MODIFICATIONS OF eNVIRONMeNTAL
FACTORS ASSOCIATeD WITH THe
DeVeLOPMeNT OF GOUT

A series of studies clarifying the role of dietary factors
have provided new insights into the environmental fac-
tors contributing to the development of gout [15, 16].

Figure 5. Gout tophi of the hand from Marcolongo, R. et al.,
Le Malattie Reumatiche. Fisiopatologia e Clinica, UTET,
Torino, 1991.
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Diet
Modification of diet and lifestyle is a core component

of gout management. Dietary factors are thought to
play a significant role in the increasing prevalence of
gout. Despite long-standing links between diet and
gout, only recently causative components have been
described (high intake of meat and seafood and purine-
rich vegetables). Traditionally, patients were advised
to adopt low purine diets but such diets can rarely be
sustained for long and are only occasionally clinically
useful. Indeed, dietary purine restriction causes a fail
in the plasma of more than 0.5 - 1.0 mg /dl. On the con-
trary, alcohol restriction can have a much greater effect
on the plasma urate concentration, depending upon the
amount consumed. Alcohol raises the serum urate by
enhancing urate production and by reducing renal
clearance. Acetate conversion to acetyl coenzime A in
the alcohol metabolism leads to degradation of adenine
nucleotides and accelerated urate production. Further-
more, the metabolism of alcohol to lactic acid results
in inhibition of uric acid secretion and a reduction in
the fractional clearance of uric acid by the kidney. Con-
sequently, permanent modification of excessive alcohol
consumption should contribute significantly to lower
the plasma urate concentration. Fructose-rich bever-
ages such as sugar-sweetened soda and orange juice
can increase serum uric acid levels and, thus, the risk
of gout. Fructose-induced hyperuricemia has been sug-
gested to be related to increased catabolism of pre-
formed purine nucleotides or increased purine
synthesis de novo.

Obesity
The role of obesity in hyperuricemia is important.

In part, excessive dietary purines and alcohol may
contribute to the hyperuricemia. However, obesity
per se is also associated with decreased renal excre-
tion of urate. Although all the mechanisms of causa-
tion are not understood, the renal under-excretion of
urate is usually reversible even with a modest loss of
weight.

Drugs
Many drugs with either increase serum uric acid lev-

els (e.g. diuretics) or reduced urate levels (e.g. urico-
surics drugs) effect these changes via interaction with
urate transporters such as URAT 1.

The use of thiazides/diuretics is widely regarded as
one of the most common modifiable risk factors for
secondary gout, especially in the elderly and in
women.

Aspirin has a bimodal effect on urate levels: low
doses inhibit uric acid excretion and increase urate lev-
els, while high doses are uricosuric. In elderly patients,
aspirin at a dose of 75 mg/day associates with a small
but significant increase in serum uric acid. This effect
could be significant at a population level because of the
widespread use of low-dose aspirin.

URATe-LOWeRING AGeNTS

The treatment of hyperuricemia in patients with re-
current or chronic gout implies a long-term commitment
to daily therapy and behavioral change. The anti-hype-
ruricemic agents available are sufficiently potent that di-
etary restriction of purine is often not necessary, nor is
the automatic avoidance of medications that have hype-
ruricemic properties. The goal of treatment is consistent
maintenance of serum urate <5.0 mg/dl to allow solubi-
lization of crystalline urate. Appropriate antihyper-
uricemic agents include uricosuric drugs and xanthine
oxidase inhibitors. In either instance. the lowest dose
that maintains the serum urate in acceptable ranges
should be employed. Because fewer than 10% of gouty
patients are overproducers of uric acid, uricosuric ther-
apy is rarely appropriate. However, because allopurinol
is effective in both overproducers and underexcretors
and is given in a single daily dose, it is generally rec-
ommended and largely used in clinical practice.

Uricosuric agents
An uricosuric agent is one which lowers the serum

urate concentration by increasing the excretion of uric
acid by the kidney. This is associated with an increase
in the uric acid concentration in the urine. The ten-
dency for uric acid crystal formation would also be re-
duced by alkalization of the urine. It was with the
introduction of treatment with probenecid, sulphinpyra-
zone and benzbromarone [24] that physicians first were
provided with agents that could be used to control hy-
peruricemia and gout safely and effectively in the ma-
jority of patients for long periods of time. Uricosuric
agents are effective for patient who have a glomerular
filtration rate exceeding 50-60 ml/min, have no history
of nephrolithiasis or excessive urine acidity. With ad-
vancing age, glomerular filtration rate falls and few pa-
tients over 65 years of age can adequately respond to
various uricosuric drugs.

Xanthine oxidase inhibitors
The development of allopurinol led to the most impor-

tant advance in the treatment of gout and the control of
uric acid production. Allopurinol is the agent of choice
for patients who have urate overproduction, tophus
formation, nephrolithiasis or other controindications to
uricosuric therapy. It is the preferred drug in cases of
renal insufficiency. Allopurinol reduces serum uric acid
by inhibiting xanthine oxidase activity which has been
observed to be increased about fourfold in the liver of
overproductor gouty patients. Serum and urinary uric
acid were reduced dramatically: serum urate levels
begin to fall 1 to 2 days after starting treatment with
maximal decrements in 1 week. The number of acute
attacks of gout was diminished and a gradual resolu-
tion of tophi can be observed if the serum urate level
is maintained below 5.0 to 6.0 mg/dl. 
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Side-effects are represented by dyspepsia, headache,
diarrhea and pruritic papula rash that occurs in 3% to
10% of the patients. Toxicity can almost always be
avoided if dosages are restricted appropriately. Typically,
a dosage of 300 mg/day can be started as initial therapy,
however, doses of 100 mg are appropriate in the elderly. 
Febuxostat is structurally different from allopurinol

and lacks the purine ring [23, 25]. It is a more selective
and potent inhibitor of xanthine oxidase than allopuri-
nol. Doses of 80 mg and 120 mg per day have been
shown to be safe and effective in lowering serum uric
acid levels and more effective in reducing the size of
tophi during 12 months.

Uricolytic drugs
One potential strategy for managing gout is the use

of urate oxidase (uricase) to convert urate to allantoin,
a more soluble and easily excreted end product of
purine metabolism. Attempts to lower serum uric acid
levels using uricase proved that this is an inadequate
treatment for chronic hyperuricemia because of its
marked immunogenicity and short effective half-life.
Recently, it has been developed and tested pegloticase
[23], a polyethilene glycol-conjugated form of uricase
that minimizes the immunogenicity of the uricase and
greatly prolongs the duration of efficacy. Pegloticase
was shown to be a very potent form of urate-lowering
therapy, reducing plasma urate levels to <3 mg/dl in
the first 6 hours. The ability of pegloticase to maintain
the plasma urate levels below the target of 6.0 mg/dl
depends on the dosage and frequency of the infusions.
The most frequent adverse event was the increased in-
cidence of gout flares. This observation highlights the
need for more effective antinflammatory prophylaxis
as more potent urate-lowering drugs become available.

ASSOCIATION OF GOUT WITH OTHeR
DISeASeS

Most studies linked hyperuricemia to marked asso-
ciation with several pathologic conditions. The possi-
ble association are numerous: uric acid levels seem
correlate with hypertension, kidney diseases, cardio-
vascular diseases, obesity, hyperinsulinemia, hyper-
leptinemia, hypertriglyceridemia, carotid and coronary
artery diseases.

Hypertension
Hypertension is present in 25-50% of gouty patients

and 2% -4% of hypertensive patients have gout. Hy-
pertension may be associated with hyperuricemia in
three ways: hypertension reduces renal excretion of
urate, renal damage for interstitial microtophi may lead
to secondary renal hypertension or excessive alcohol
consumption may cause both hyperuricemia and hy-
pertension.

Cardiovascular diseases
A number of epidemiological studies have reported

a relation between serum uric acid levels and a wide
variety of cardiovascular conditions, including hyper-
tension, metabolic syndrome, coronary artery diseases,
cerebrovascular diseases, pre-eclampsia and kidney
diseases. However, the relative importance of these as-
sociations remain controversial. The main problem is
to determine whether uric acid is a risk factor for car-
diovascular diseases “independent” of other known
risk factors.

Renal diseases
The only consistent visceral damage caused by hype-

ruricemia is its effect on the kidney. Several distinct
forms of Hyperuricemia-induced renal diseases are rec-
ognized, including chronic urate nephropathy, acute
uric acid nephropathy and uric acid nephrolithiasis.
Progressive renal failure is common in the gouty pa-
tients and accounts for up to 10% of deaths. Hyperten-
sion, chronic lead exposure and ischemic heart disease
are the most important contributing factors to this com-
plication. However, the role of hyperuricemia as a sin-
gle factor in chronic parenchymal disease of the kidney
remains controversial. Chronic urate nephropathy is a
distinct entity that is caused by the deposition of urate
crystals in the renal medulla and pyramids and is as-
sociated with mild albuminuria. 

Obesity
Hyperuricemia and gout are highly correlated with

body weight for both men and women and individuals
with gout are commonly overweight compared to the
general population. Obesity may be a common factor
linking hyperuricemia, hypertension, hyperlipidemia
and cardiovascular diseases.

At present, it is very difficult to determine whether
uric acid has a causal role in these conditions or
whether it is simply a marker for individuals at in-
creased risk. Clinical and epidemiological studies must
carefully consider the implications in their choices for
adjustment of various risk factors, the method of analy-
sis (particularly when a factor can be both confounder
and intermediate), and the outcomes assessed, so as not
to miss potentially important upstream effects. 

An important question remains: does lowering of
uric acid levels through pharmacologic treatment mean
improvement of cardiovascular outcomes and mortal-
ity? An answer to this question will require well-con-
trolled epidemiological and clinical studies and
well-controlled clinical trials. 

PROTeCTIVe ROLe OF URIC ACID?

Some studies [26] have argued that hypeuricemia is
a good condition to have. Uric acid is the end product
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of purine metabolism in humans due to the loss of uri-
case activity by various mutations of its gene during
the evolution. 

Furthermore, 90% of uric acid filtered by the kidney
is reabsorbed instead of being excreted. These facts
suggest that evolution and physiology have not treated
uric acid as a harmful waste product, but a something
beneficial that has to be kept. In the past it has been
suggested that hyperuricemia may have a role in intel-
ligence and human performance. Subjects with higher
uric acid levels tended to have greater intelligence,
achievement-oriented behavior, school performance
and reaction time. Other Authors have not confirmed
this association. On the other hand, the finding ob-
served is difficult to separate from the eating and social
habits associated with economic, cultural and intellec-
tual situations. Furthermore, there is some evidence to
support a role for uric acid as a mild neurostimulant.
In fact, there is a similarity in chemical structure of uric
acid with the trimethylated xanthine caffeine. A second
major area of investigation is related to the observation
that uric acid can function as an antioxidant that can
block superoxide, peroxynitrite and iron catalyzed re-
actions. It is thought that uric acid contributes to >50%
of the antioxidant capacity of blood. The ability of hy-
peruricemia to reduce peroxynitrite-mediated nitroty-
rosine formation has been suggested to have a key role
in neuroprotection in diseases such as multiple sclero-
sis, Parkinson’s disease, stroke and others. Epidemio-
logical studies suggest that subjects with elevate uric
acid levels gave a lower frequency of multiple sclerosis,
Parkinson’s disease and Alzheimer disease. These stud-
ies raise the interesting possibility that use of uric acid
or its precursors may have benefit in some neurological
diseases. 

Other data suggest a potential biological advantage
of hyperuricemia in immunosurveillance and genera-
tion of adaptive immunity to non-microbial stimuli. A
very interesting observation is that there is a negative
association between gout and rheumatoid arthritis and
probably also between gout and systemic lupus ery-
thematosus suggesting a role of uric acid in the field of
autoimmunity.

CONCLUSIONS

Gout is a very common form of arthritis that in-
creased in prevalence as a result of changes in diet,
lifestyle and environmental factors. Symptoms are
caused by the deposition of urate crystals in joints and
other tissues when there is an excess of urate saturation
and when the balance of tissue inhibitors and promot-
ers of crystal formation is in favor of crystallization. The
goal of the treatment in gouty patients is to reduce
serum uric acid levels sufficiently that crystals can no
longer form and that existing crystals are dissolved.

Hyperuricemia has a fundamental role as risk factor in
the development of gout and seems also to be an inde-
pendent risk factor for many comorbidities. While gout
itself can be cured by lowering the serum uric acid lev-
els, joint and tissue damage that has already occurred
may not be reversible emphasizing the importance of
treating the gout before such permanent damage has
occurred. A major area of progress should include ad-
equately clinical trials concerning the mechanisms and
impact of dietary changes on the development of gout.
This will provide important information to recognize
patients with gout and those at risk of gout to make ap-
propriate lifestyle changes to reduce the risk of the dis-
ease and its complication.

In addition, recent advances in understanding both
the genetic and environmental risk factors should fa-
cilitate to understand genetic-environment interactions
that contribute to the development of hyperuricemia.
The research agenda in the next decade will focus, on
the development of new urate-lowering drugs that
specifically target SLC2A9 and other urate transporters.
An important future goal is represented by the identi-
fication of genes associated with the risk of gout in
those with asymptomatic hyperuricemia, noting that
many subjects with hyperuricemia do not develop
gout. Our increasing knowledge of the mechanisms of
urate transporters and the inflammatory response
should lead to the discovery of new improved lowering
drugs of serum uric acid. In the next future, accurate
controlled studies are also required to understand the
significance and the underlying mechanism of the dif-
ferent comorbidities and the true relationships be-
tween hyperuricemia and associated diseases.
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THe HUMAN ASPeCTS OF THIS HISTORY

The unexpected encounter
The history of the syndromic association: “Tensive

target organ damage/Monitoring prehypertension syn-
drome”, named with the eponym of “Cugini’s syn-
drome”, has origin in 1980 when I have been invited,
as Visiting Professor, to attend the Chronobiology Lab-
oratories of Minnesota University (USA) by their Di-

rector in person, Prof. Franz Halberg, the Founder of
the biomedical discipline called “Chronobiology. 

Why this prestigious invitation? Because I had the
chance to meet Franz Halberg in a very singular cir-
cumstance that completely changed my life of medical
researcher. In 1979, I was attending in Parma at a Con-
gress on Hypertension in Children and Adolescents,
where I had a presentation [1]. 

After my lecture, the loudspeaker announced: 
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“TENSIVE TARGET ORGAN DAMAGE/MONITORING PREHYPERTENSION SYNDROME”,
ALIAS CUGINI’S SYNDROME, AS NARRATED BY THE AUTHOR

Pietro Cugini

Former Professor of Internal Medicine at the University “Sapienza” of Rome, Italy

Abstract. This is the tale in first person of how I discovered the “Tensive target organ damage/Monitoring prehypertension
syndrome”, which received an acknowledgement of paternity with the nosographic eponym of “Cugini’s syndrome”. The
presentation is made with the intention of showing how the research methodology and clinical reasoning can act as an epistemological
guide, primarily in detecting and, secondarily in defining such a syndromic picture. I will narrate, in an anecdotal way, the
history of this syndrome that has origin in 1980 when I received the invitation to approach, as Visiting Professor, the Chrono-
biology Laboratories of Minnesota University, directly from their legendary Chief, Prof. Franz Halberg, the Founder of the
discipline “Chronobiology”. As an invited participant to an international project of research named: “International Womb-
to-Tomb Chronome Initiative”, devoted to standardize the time-qualified reference limits of blood pressure from neonatal to
old age, I could use the first available equipments (Pressurometers) for executing the Ambulatory Blood Pressure Monitoring.
Accordingly, I started to collect the ABPM of a large sample size of clinically healthy subjects. Collection continued going
back and forth between Italy and USA. In this activity of recruitment for creating a database of true normotensives and true
hypertensives, I had the chance to meet some office normotensiveswho inexplicably showed initial signs of hypertensive retinopathy,
a sign of “Target Organ Damage” (TOD), while, unexpectedly, were showing no supranormal BP values at the ABPM. In order
to explain the retinal TOD, I suspected that they were true non-hypertensives but not true normotensives (presumably nor-
motensives alias putative normotensives). Therefore, I compared the Daily Mean Level of their 24-h systolic (S) and diastolic
(D) BP values [DML

(SBP/DBP)
] with the analogous estimate of the true normotensives. With surprise I could see that the retino-

pathic putative normotensives, despite the lack of surpranormal at the ABPM, had their DML
(SBP/DBP)

significantly increased,
just in between true normotension and true hypertension. It was the year 1997, when I called this intermediate BP regimen:
“ABPM-diagnosable prehypertension”, alias “monitoring prehypertension”, alias “pressurometric prehypertension”, alias
“masked prehypertension”, and described the “Minimal-change hypertensive retinopathy/monitoring prehypertension syn-
drome”. The association of a minimal tensive TOD with a monitoring prehypertension in office normotensives received a
confirmatory certainty in other consecutive investigations, performed by me from 1997 to 2002, dealing with minimal signs
respectively of: 1. interventricular septum hypertrophy in native hearts, 2. interventricular septum hypertrophy in novel
transplanted hearts, 3. gestational impaired blood flow uterine arteries, 4. intrauterine growth retardation, 5. endothelial
dysfunction. In all these clinical pictures, I could demonstrate that the initial tensive TOD was associated to a significant el-
evation of DML

(SBP/DBP)
just in between normotension and hypertension as per a monitoring prehypertension. Accordingly, I en-

larged the appellative of the syndromic picture in “Minimal signs of TOD/monitoring prehypertension”, alias “Tensive target
organ damage/Monitoring prehypertension”. Importantly, in 2007 and 2009 this clinical association has been eponimically
called: “Cugini’s syndrome” in an international context.

Key words: Monitoring normotension; monitoring prehypertension; masked prehypertension; ABPM; Target Organ Damage;
End-Organ Damage; Cugini’s syndrome.
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NOSOGRAPHIC RePORT

– Professor Cugini, please contact the Congress Secre-
tariat for a very urgent information. 

– Thinking to a bad surprise, I immediately went to the
Congress Office. When arrived, the hostes told me: 

– Professor, in that room over there, Professor Halberg
is waiting for you.

– What did you say? Professor Franz Halberg?
– Yes, Professor Halberg from Minnesota University. 

I was shocked hearing that the Father of Chronobiol-
ogy, candidate to the Nobel Price, Author of Cosinor
Method [2, 3] as well as of the Chronobiological Glossary
[4], asked for me. With a motivated curiosity, I get into
the room, finding waiting a middle-age gentleman who,
with a simple gesture, gave me his right hand, saying: 
– May I introduce myself? Franz Halberg from Min-

nesota University. Nice to meet you.
In shaking his hand, I said:
– It is a great privilege and honour for me to know you

personally. 
Soon after these civilities, Professor Halberg contin-

ued to shock me with these words: 
– I know that you have submitted a chronobiological

paper to an international scientific Journal. I read
your paper. Let me say that I am very surprise to see
that you are able to perform chronobiological inves-
tigations. How did you learn to use the Cosinor
Method? 
My reply was:

– I am in touch with Prof. Brunetto Tarquini and Prof.
Salvatore Romano of Florence University, who
helped me to perform the chronobiological analysis
of my scientific data. 

For those who don’t know who were Prof. Tarquini and
Prof. Romano, I must say that they have been respec-
tively among the first Italian physicians and physicists,
to be interested to Clinical Chronobiology, directly in
connection with Professor Halberg (unfortunately, I
must announce that Brunetto has prematurely passed
away in 1998 at the age of only 60 years). I feel hon-
oured to have had Brunetto not only as colleague but
also as a scientist.
As a matter of fact, in 1990, under the leadership of Pro-
fessor Tarquini, I and other Italian chronobiologists
could realize in Italy the first Interuniversity Center of
Clinical Chronobiology with laboratories at Firenze -
Directive Center -; Bologna; Chieti “G. D’Annunzio”;
Ferrara; Genova; L’Aquila; Modena; Napoli “Federico
II”; Parma; Roma “La Sapienza”, my University:
http://www.uniroma1.it/strutture/centri/centri-
miste/cronobiologia-clinica. (Regretfully, the day March
12, 2012 I could know that Prof. Salvatore Romano also
passed prematurely away).

Returning to the history, Professor Halberg with con-
viction said:
– Why don’t you come to Minnesota University in my

Institute? It is a pleasure for me to invite you to at-
tend the Chronobiology Labs as Visiting Professor
from Rome University. Let me hope that you will ac-

cept this invitation.
Immediately I replied: 

– It is a dream for me to come to your famous Labs for
learning by you more and more on Medical Chrono-
biology. I am totally available to approach your In-
stitute. 
Professor Halberg told me:

– OK. I am going by car to Milan for flying back to my
country. There, you could take the train for Rome.
Please, be so kind to follow me so that we can
arrange your visit to Minnesota University.
During the time spent travelling to Milan by car,

Franz Halberg initiated to plan my scientific journey
and sojourn in USA, proposing me to bring all the sci-
entific data from my investigations in Chronobiology. 

Visiting Professor at the Chronobiology Laboratories of
Minnesota University in Minneapolis, USA

In August 1980 I was ready to leave Italy for going
to the Chronobiology Labs at the University of Min-
nesota, 5-187 Lyon Laboratories, 420 Washington Ave.
S.E, Minneapolis, MN 55455, USA. (Figure 1). 

The first day I was there, Franz Halberg (Franz from
now ahead) introduced me Professor Germaine Cor-
nelissen (Germaine from now ahead), the Vice Director
and Coordinator, International Womb-to-Tomb
Chronome Initiative, and Doctor Robert B. Sothern
(Bob from now ahead), the responsible for the com-
puter section at the Labs.

Soon after the presentation, Bob asked me to analyze
the scientific data of my chronobiological research. In
a short time, via his Unix Operated PDP 11 minicom-
puter, he elaborated the chronobiological analysis
along with the chronobiometric tests, the drawings and
tables. 

Figure 1. Prof. Franz Halberg (right) and myself (left) at the
Chronobiology Laboratories of Minnesota University (USA)
in 1980. The sentence written on the photo says: “Et haec
olim meminisse juvabit”, Franz.
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Soon after, a person from the Documentation Univer-
sity Service came to the Labs, kept the iconography and
in about one hour returned with the slides (the best at
that time, those with the blue background) of all my
scientific material. 

At this time, Germaine taught me to retrieve the bib-
liography by telematically connecting the personal
computer, assigned to me in a given room, to the Na-
tional Library of San Diego, via the local University Li-
brary. In a short time, via the printer on my desk, I
received the print out of the asked references. 

After the completion of all these preliminary steps,
Franz told me that the day after, at 01:00 p.m, I should
held a Lecture on my investigation at the “Aula
Magna”, at the presence of the Dean as well as of the
Academic Members of the Faculty of Medicine. 

Believe me, what happened in these first hours of my
presence at the Halberg’s Labs was amazing and in-
credible. Please, consider that we were in 1980 and all
the University Campus was already computerized and
cabled. There was already the Internet, E-mail and the
Gopher FTP on the Web.

With all the necessary material in my hands, I re-
mained at the Labs all over the night for preparing the
presentation. While going by feet to the Main Confer-
ence Hall, accompanied by Franz, Germaine and Bob,
I had the surprise to see that all the other Institutes on
Washington Avenue (the main street of the University
Campus) were exposing, on their noticeboards, a
poster, where it was announced my conference on the
circadian rhythmicity of renin-angiotensin-aldosterone
system (RAAS) in hypertensive states. 

The Conference Hall was crowded by about 500 at-
tendants of several racial and ethnic origins, belonging,
as Professors, Physicians, Philosophical Doctors, Re-
searchers, Lecturers, Visitors, Students at the Faculty
of Medicine of Minnesota University. 

I was presented to the Dean who, in his opening
speech, introduced me to the audience. Thereafter, he
asked Franz to make a preamble on the scientific re-
search I was doing in Chronobiology. In deed, I was in-
vited to reach the podium where I had the chance to
speak for about 90 minutes to an ensemble that was very

interested to my investigations because of the scanty
knowledge on this topic at that time (my papers on the
RAAS circadian rhythmicity are regarded as classics). 

I was not aware the in American Universities, the at-
tendants, including students, to a scientific conference
can interrupt the orator for posing questions. So I had
to answer to many interlocutors, who approached me
with their own English pronunciation. 

At the end of my presentation lasted one hour and a
half, the Dean congratulated me for the interesting lec-
ture and told Franz that my investigations were a fur-
ther demonstration of the importance of Chronobiology
in clinical medicine. Franz was very satisfied, me too.

Going back to the Labs, Franz confessed to me that I
indirectly underwent a psycho-aptitude test for under-
standing whether or not I had the scientific preparation
and personality for competing, at the level of an Amer-
ican University, with a cosmopolitan scientific commu-
nity. I passed the test.

After this positive judgment, I was asked to cooperate
in the Research Project: “From Womb-to-Tomb
Chronome Initiative”, dedicated to establish the inter-
national reference limits of 24-h blood pressure (BP)
from neonates to centenarians. I was asked to provide a
“large sample size” of clinically healthy Italian subjects
in neonatal age as well in the latest decennials of life. 

I was the first person of the Italian subjects to be in-
vestigated at the Chronobiology Labs.

With my surprise, I could see that they had already
available some noninvasive automated devices for ex-
ecuting the ambulatory blood pressure monitoring
(ABPM), that were coming from the experience of
telematic spatial transmission of BP values of astro-
nauts belonging to the NASA Programm Apollo. The
first attempt of telemedicine all over the world.

At the Minnesota University, I had the chance to
learn the in vogue informatic languages (Basic, Fortran,
Pascal) as well as the most important methods of med-
ical statistics, obviously including the chronobiological
methods. This expertise allowed me to elaborate some
new innovative methods of chronobiometric analysis,
such as Cosint method [5] and Clinospectrometric
analysis [6].

Figure 2. Visiting Professor at the
Halberg’s Chronobiology Labs.
University of Minnesota (USA),
in 1985 (left) and 1989 (right).
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Coming back to Italy and going forth to USA
Come back to my Institute of II Medical Clinic at the

Policlinic Umberto I of Rome, I provided the University
of Rome “La Sapienza” with the first Laboratory of
Clinical Chronobiology.

The Lab was equipped with the first personal com-
puters suitable for scientific research (informatic,
telematic, telemetric applications), available in the ’80s
here in Italy, as well as with the ABPM devices, offi-
cially donated to the University “La Sapienza” of Rome
by the “International Womb-to-Tomb Chronome Ini-
tiative” for letting me to cooperate to the construction
of 24-h BP reference limits via a sample of clinically
healthy Italians. 

Gradually, via the research funds of MIUR (Ministero
della Istruzione Universitaria) and CNR (Consiglio
Nazionale delle Ricerche), the Lab was equipped with
an adequate software for chronobiometrical analysis,
written personally by me. It was connected via modem
(the first one was an “acoustic coupler”) to the C.I.C.S.
(Centro Interdipartimentale di Calcolo Scientifico) of
Rome University. The two rooms of the Lab were inter-
connected with a Netware 2.0 LAN to constitute an In-
tranet. The Lab was organized with printers, utilities,
word processors, slide processor as well as new pres-
surometers and so on. 

Finally, the Lab was structured as the Interuniversitary
Center of Clinical Chronobiology of Rome University “La
Sapienza” (http://www.uniroma1.it/strutture/centri/cen-
tri-miste/cronobiologia-clinica), equipped with the new
incoming calculators either IBM compatible or APPLE. 

Myself was called to teach to the first Doctorate in
Clinical Chronobiology, organized and directed by
Prof. Tarquini at the Florence University.

The set up of the ABPM data-base was on going. I
could monitor neonates at the first day of life, adoles-
cents, adults as well old people, i.e., the ultraseptuage-

naries living in Campodimele, a village known for the
longevity of its inhabitants.

Because of my bilateral cooperation, I returned, as
Visiting Professor, to the Chronobiology Labs in Min-
nesota in 1985 and 1989 (Figure 2).

The Cugini’s Clinical Chronobiology Lab of Rome
University hosted the most important chronobiologists
of the world. Prof. Halberg, in person, in 1992 honored,
as Visiting Professor, the Lab. In that occasion, I asked
him to held a magisterial lecture on Chronobiology,
that, however, was not a psycho-aptitude test but a due trib-
ute to his magnificent human and scientific personality
(Figure 3).

THe SCIeNTIFIC ASPeCTS OF THIS HISTORY

As one of first researchers, here in Italy, to have at his
own disposal ABPM devices, I could collect, since
1980, a consistent group of normotensive as well as of
hypertensive subjects. The recruited normotensives
were regarded as true normotensives, not only because of
the normality of their ABPM but also of a negative ge-
nealogic familiarity for arterial hypertension as well as
of the lack of cardiovascular risk factors responsible for
target organ damage (TOD). 

The collected ABPMs gave origin to several papers
[7-19].

The discovery of monitoring prehypertension associated
to initial signs of TOD

In 1997, in my clinical activity as Professor of Inter-
nal Medicine, at the University Hospital, Policlinico
Umberto I in Rome (Italy), I had the chance to observe
that there were some subjects who, at the office sphyg-
momanometry (OS), were regarded as normotensives
while, at the ABPM, they resulted to have an “odd hour
hypertension”. These false office normotensives were imme-
diately excluded from the sample of the true normoten-
sives.

In addition and importantly, I had also the opportu-
nity to encounter some subjects (in summary 25 cases,
16 M, 9 F, mean age: 46±16 years) who showed initial
signs of hypertensive retinopathy (Stage I of Keith-Wagener-
Barker classification) resulting, however, normotensives
at the OS and lacking of risk factors for target organ dam-
age (TOD).

How to explain this conflicting clinical situation?
Naturally, I immediately thought that they could

have an “odd hour hypertension”. Therefore, I asked them
to undergo the ABPM. 

With surprise, their ABPM did not show BP values higher
than the pertaining day-night upper reference limits. There-
fore, I could exclude that they had a masked hypertension
as suspected.

Thus, from an intriguing situation, I was drawn into a
true enigma.

Figure 3. 1992, University of Rome “La Sapienza” of Rome,
Italy. I am presenting to the audience Prof. Halberg who will
held a magisterial lecture on Chronobiology.
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However, an explanation there should be, just for
giving a clinical response to the main question of how
to diagnose and treat these subjects.

An explanation could be a TOD of the retinal arteri-
oles to a BP regimen not yet hypertensive. To confirm
this hypothesis, I decided to statistically compare their
BP regimen with that of the true TODless normotensives,
considering the cases with retinal TOD as “putative nor-
motensives”.

With this idea in mind, I planned a retrospective
study by randomly extracting, from my ABPM data-
base, 25 true normotensives, matching for age and gender
to the sample of the putative normotensives [20, 21].

I examined the ABPM of both the true normotensives
(group A of controls) and putative normotensives (Group
B to be compared), following these methodological cri-
teria:
1. ascertain that there were no supranormal systolic

(S) and diastolic (D) BP values all over the 24-h
span as per a masked hypertension;

2. extract the Daily Mean Level of SBP and DBP
within-day values [DML

(SBP/DBP)
in mmHg/24-h] for

its statistical comparison between the Group A of
true normotensives and the Group B of putative
normotensives.

With a certain satisfaction, I could see by at a glance
that the within-day SBP and DBP values in control
Group A were visibly lower than those in experimental
Group B (Figure 4).

Therefore, with an explainable anxiety I went to sta-
tistically compare the DML

(SBP/DBP) 
of the two groups

(Table 1).
As one can see from the second row, none of the sub-

jects of the two groups showed intradiem SBP and DBP

Figure 4. Mean chronograms of systolic (S) and diastolic (D)
BP in true normotensives (Group A, left panel) and putative
normotensives with initial signs of hypertensive retinopathy
(Group B, right panel).

Table 1. Number of supranormal intradiem systolic (SBP) and diastolic (DBP) blood pressure values as well as Daily Mean
Levels of SBP and DBP along with the results of their statistical contrasts in investigated groups.
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values higher than normal. By contrast, from the third
row, one can see that the putative normotensives with a
minimal hypertensive retinopathy showed the
DML

(SBP/DBP)
to be significantly more elevated than that

of the true normotensives (11 mmHg/24-h for SBP and 6
mmHg/24-h, p<0.001 and p<0.01).

Now, I could better explain the hemodynamic mean-
ing of this tensive difference, according to the concept
of Daily Baric Impact [12].

I invite you to consider that per each heart beat
there is a pressure hit. This means that there is a nu-
merical equivalence between the heart rate (HR) in
beats per minute (bpm) and pressure rate in pulse per
minute (ppm). Therefore, if we consider the HR DML
and the BP DML, as estimated on the ABPM, it will
be possible to calculate the SBP and DBP Daily Baric
Impact (DBI) in mmHg/24-h as the product of the HR
DMLxSBP or DBP DML, multiplied by the 1,440 min-
utes of a day-night cycle. Well, if we consider that in
both the above-investigated groups A and B, the
ABPM returned an almost comparable HR DML of 70
bpm/24-h, we can estimate that the SBP and DBP DBI
will be given by respectively multiplying in Group A:
SBP-DBI= 70x112x1440=11.289.600 mmHg/24-h and
DBP-DBI= 70x72x1440=7.257.600 mmHg/24-h, and
in Group B: SBP-DBI= 70 x123X1440=12.398.400
mmHg/24 and DBP-DBI= 70x78x1440=7.862.400
mmHg/24-h. 

From these estimates, it clearly emerges the dra-
matic difference in DBI between the two Groups.
Therefore, we should realize that a simple difference
of 11 mmHg of SBP or 6 mmHg of DBP, between the
two groups, causes the putative normotensives to have,
on average, a SBP and DBP baric overload (Hyper-
baric Impact) of 1,108,800 mmHg and 604,800 mmHg,
respectively. 

Ecce ratio! 
The initial signs of hypertensive retinopathy could

be explained by such an increase of the Daily Baric Im-
pact (i.e., a Daily Baric Hyperimpact), on the retinal ar-
terioles of the putative normotensives as compared to
the true normotensives.

Due to the fact that nobody of the two groups was a
masked hypertensive, I drew the logical inference that
the putative normotensives were showing an incipient retinal
TOD because of a BP regimen in between true monitoring
normotension and true monitoring hypertension. I called this
intermediate tensive regimen “Prehypertension” alias
“Monitoring prehypertension” alias “ABPM-diagnos-
able-prehypertension” alias “Masked prehypertension”.

Because of the association between the minimal reti-

Table 2. Number of supranormal intradiem systolic (SBP)
and diastolic (DBP) blood pressure values as well as SBP and
DBP Daily Mean Levels (DML), along with the results of
their statistical contrasts in investigated groups.



24

JOURNAL OF THe SIeNA ACADeMY OF SCIeNCeS, PUbLISHeD SINCe 1761 - VOL. 4 - 2012

nal TOD and the prehypertensive regimen, I was
obliged to think to a syndromic picture that I called: 
“Minimal-change hypertensive retinopathy and arte-

rial pre-hypertension” [20, 21}.

The enlarged “Tensive target organ damage and
monitoring prehypertension syndrome”

After the above-cited study, I felt the need to confirm
that monitoring prehypertension could be associated
to the initial TODs of the other cardiovascular dis-
tricts.

Therefore, I initiated a systematic research of office
normotensives who were showing one of the TODs that
could be instrumentally documented at that time, by
verifying if their ABPM was showing a monitoring
prehypertension.

I have preformed investigations [22-26} in the follow-
ing tensive TODs of office normotensives:
1. Initial hypertrophy of interventricular septum

(Table 2, first panel).
2. Initial hypertrophy of interventricular septum of the

novel transplanted heart (Table 2, second panel).
3. Initial gestational altered blood flow of uterine ar-

teries (Table 2, third panel).
4. Initial gestational intrauterine growth retardation of

foetus (Table 2, fourth panel).
5. Initial alteration of post-ischemic forearm test as per

a functional dysfunction (Table 2, fifth panel).
As one can see, all the panels show analogous re-

sults:

1. absence of supranormal intradiem BP values in both
the investigated groups; 

2. statistically significantly increased Daily Mean
Level of SBP and DBP in putative normotensives with
initial signs of TOD as compared to true normotensives. 

Accordingly, I could draw the following conclusions:
1. because of the absence of supranormal within-day

BP values, neither the true normotensives nor the pu-
tative normotensives showing an initial sign of TOD,
could be classified as masked hypertensives;

2. because of the higher Daily Mean Level of SBP
and DBP, all the putative normotensives showing an ini-
tial sign of TOD could be regarded as monitoring pre-
hypertensives; 

3. because of the systematic occurrence of a monitoring
prehypertension, a tripartite classification of moni-
toring BP regimens seems to be mandatory (see
ahead);

4. because of the non-occasional association of TODs
with monitoring prehypertension, I could call the
syndromic picture as the:
“Minimal tensive target organ damage/monitoring hy-

pertension syndrome”.

NATURAL HISTORY OF
PReHYPeRTeNSION 

Importantly, the papers describing the “Minimal
tensive target organ damage/monitoring hyperten-

Table 3. Classification of high systolic (S) and diastolic (D) blood pressure (BP) for adults with reference to sphygmomano-
metric measurements.
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sion syndrome ” have been consecutively published
from 1997 to 2002 (20-26), when there was in vogue
the classification of high BP by the Joint National Com-
mittee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure in its Sixth Report
(JNC-6) published in November 1997 [27, 28]. 

As you can see from the left panel of Table 3, in JNC-
6 classification there was no mention of the sphygmo-
manometric class, called “Prehypertension”. No mention
of the ABPM-diagnosable prehypertension.

The diction “prehypertension” made its appearance in
the Seventh Report (JNC-7) published in December
2003, and more extensively, as a pamphlet, in August
2004 [29, 30] by the Joint National Committee (Table 3,
right panel). 

Importantly, the JNC-7 classification, still active in
USA, was referring to office sphygmomanometry. No
mention of the monitoring prehypertension.

It is interesting to remark that the term “Prehyper-
tension” was firstly conied by Robinson and Brucer in
1939 [31]. These two Authors were statisticians who
investigated the range of normal blood pressure in a
statistical and clinical study of 11383 persons. They
noted that persons, showing a sphygmomanometric
SBP and DBP range between 120-139/80-89 mmHg,
were prone to develop a manifest hypertension later in
their live. This means that these Authors intended ar-
terial prehypertension simply as a potential factor of
risk and not an actual condition of disease. 

It must be stressed that the JNC-7 adopted tout court
the Robinson-Brucer’s SBP and DBP ranges leaving to
the “office prehypertension” the same meaning of a
preclinical BP regimen of risk. No mention of the monitor-
ing prehypertension associated with TODs. 

For these reasons, some investigators, making a re-
vision of the pertaining literature on BP regimens, rec-
ognized that the description of the ABPM-diagnosable
prehypertension was made in 1997 (six years before
the JNC-7) with the precise meaning of a BP regimen

responsible of TODs. 
Because of this paternity, they felt the exegetic need

to patronimically appeal the “Initial TOD/monitoring
prehypertension syndrome” with the nosographic
eponym of “Cugini’s syndrome” [32-34].

bLOOD PReSSURe ReFeReNCe LIMITS
FOR DIAGNOSING MONITORING
PReHYPeRTeNSION AND CUGINI’S
SYNDROMe 

In order to classifyBP regimens via ABPM I asked
myself to calculate the reference limits for an ABPM-
mediated diagnosis of BP regimens.

In approaching this problem, I realized, for coherence
with the monitoring prehypertension, that the ABPM
classification of BP regimens should be performed no
more according to the classical criterion of a binary dis-
tinction between normotension and hypertension.
There was the need of introducing the ABPM-diagnos-
able prehypertension, in that a real hemodynamic stage
per se responsible of TOD. 

As already mentioned I had a very huge collection of
ABPMs gathered not only in true normotensives [7-19]
and true prehypertensives [20-26], but also in true es-
sential hypertensives [35-43].

Therefore, I thought to do a meta-analysis of my col-
lected ABPMs for deriving the ABPM classification of
BP regimens.

The classification derived by the meta-analysis is
represented in Table 4.

CONCLUSIONS

This article is a kind of inverse narrative medicine in
that it is not the patient to narrate the stories of his/her
disease but the physician to tell about the history of a

Table 4. The first tripartite classification of normotension, prehypertension and hypertension applicable at the ABPM, as de-
rived from a personal monitoring database.

Monitoring blood Within-day values of SbP and DbP Daily Mean Level of SbP and DbP
Presssure Regimen (mmHg) [DML(SbP/DbP)] (mmHg/24-h)

Normotension None >135/85 (day-time) and >125/75 (night-time) 105-120/75-80

Prehypertension None >135/85 (day-time) and >125/75 (night-time) 121-130/81-85
Cugini’s syndrome IDEM IDEM+initial signs of TODs

Hypertension At least 20% >135/85 (day-time) and ≥131/86*
>125/75 (night-time)

SbP: Systolic Blood Pressure; DbP: Diastolic Blood Pressure.
*Monitoring hypertension may not show a higher DML(SbP/DbP) whether the 24-h blood pressure profile shows an al-
most comparable number of supranormal and subnormal values.
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clinical syndrome that received the eponymic appella-
tive of “Cugini’s syndrome”. This anecdotal presenta-
tion, however, has the same goal of the narrative
medicine, i.e., the role of fortifying clinical practice to
better known what is the “Initials signs of TOD/mon-
itoring prehypertension” not only by medical doctors
but also by hypertensive patients. 

For a long time it has been believed that normoten-
sion and hypertension were mutually exclusive diag-
nostic conditions (tertium non datur). Because of this
binary conviction, it is not rare to assist at the clinical
practice to make implicit and syllogistic diagnoses for
which a patient is diagnosed as normotensive because
not hypertensive and vice versa. 

Methodologically speaking, a binary distinction is
feasible if there are no other intermediate conditions
between the two opposite situations. For example, this
is the case for the words “Tall” and “Short” referred to
height. Due to the fact that in between there is the “nor-
mal” stature, one is not authorized to diagnose as hy-
postatural individual, a person who is not tall, and vice
versa. Notwithstanding this obviousness, in the last
decade of the past century, it was still customary to re-
gard as binary the criterion for diagnostically differen-
tiating between normotension and hypertension. 

The first novelty provided by the ABPM investiga-
tions made by me between 1997 and 2002 [20-26] was
the incontrovertible demonstration that the diagnostic
procedure for distinguishing the hemodynamic states,
tending to a higher BP regimen, must take into consid-
eration a third intermediate condition, the “monitoring
prehypertension” (tertium datur). 

As a second novelty, I provided the tripartite classi-
fication of BP regimens by giving the reference limits
for differential diagnosis between normotension, pre-
hypertension and hypertension. All of this was done
with reference to the ABPM, a diagnostic procedure
that is much more reliable in identifying derangements
in BP regimens because of its ability to investigate the
SBP and DBP 24-h pattern. 

As a third novelty, I provided evidence that the mon-
itoring prehypertension is a BP regimen that acts per se
as a cause of TODs. Therefore, I promoted the prehyper-
tensive status from a risk factor to a pathogenetic factor.

As a final novelty, I recognized, in the association of
monitoring prehypertension and incipient TODs, a
clinical syndrome, namely “Initial signs of TOD/mon-
itoring prehypertension syndrome”. As you have seen
such a clinical association has received the eponym of
“Cugini’s syndrome”.

Let me say that I am proud of this taxonomic assign-
ment, not only for my person but also for the scientific
staff that has cooperated in my investigations (Please,
refer to my papers, cited in the chapter References, for
knowing their Nominatives and Institutions), as well
for my Institute of Second Medical Clinic, and last but
not least for my country, Italy.
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INTRODUCTION

The European Society of Gastroenterology, Hepatol-
ogy and Nutrition (ESPGHAN) defines Celiac Disease
(CD) as an immune-mediated systemic disorder
elicited by gluten and related prolamines, developed
in genetically susceptible individuals and characterised
by the presence of a variable combination of gluten-de-
pendent clinical manifestations, CD-specific antibod-
ies, HLA-DQ2 or HLA-DQ8 haplotypes, and
enteropathy [1]. CD prevalence is 1% at the moment,
even if it is often not diagnosed because of aspecific or
minimal symptoms [2]. The disease is associated with
Human Leukocyte Antigen (HLA) DQA1*0501 e
DQB1*0201 in 90% of patients. Among affected pa-
tients, over 97% has marker HLA-DQ2 and/or HLA-
DQ8, while in general population only 30-40% has
this aplotype. A genetic susceptibility is also shown by
the fact that 2-5% of 1st-degree relatives has sympto-
matic gluten-dependent enteropathy and 10% of 1st-
degree relatives shows asymptomatic intestinal
mucosal lesions, compatible with CD. Moreover, there

are other CD-related genes, which do not belong to
HLA complex. Groups with a major risk of CD can be
children affected with diabetes mellitus I, Down syn-
drome, Turner syndrome, Williams syndrome, autoim-
mune thyroiditis and IgA deficit. Autoimmune disease
prevalence is higher in CD patients rather than in gen-
eral population, on the contrary, CD develops more fre-
quently in patients with other known autoimmune
diseases [3].

CD clinical presentation comprehends a wide range
of signs and symptoms, but it can also be asympto-
matic. Diagnosis is extremely important not only in
children with classical symptoms but also in mono-
symptomatic or asymptomatic, because it is demon-
strated that a diagnostic delay can be related to higher
morbility and short stature in adult age [4].

Symptoms can be divided in two groups: 
a. Gastrointestinal (more common in children <2

years): chronic diarrhea, chronic constipation, ab-
dominal pain, nausea, vomiting, distended ab-
domen;

b. Extraintestinal: failure-to-thrive, stunted growth,
delayed puberty, chronic anaemia (the most com-
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Abstract. Duodenal biopsy is considered the Gold Standard for Coeliac Disease (CD) diagnosis at the moment. As the
ESPGHAN guidelines published in 2012 state, CD can be diagnosed without biopsy in patients with typical symptoms and
tTG-IgA levels which are ten times over the reference values. The aim of this study is to establish the association between
tTG-IgA levels and anatomic lesions, by redefining the biopsy role in the CD diagnosis. The research focuses on Positive
Predictive Value of serological tests, also in patients without typical clinical presentation. In this retrospective study, clinical
and laboratory data have been analysed in 95 pediatric patients, assessed at the Pediatric Unit in Siena from 2005 to 2011.
Eightysix patients have been included, with typical symptoms, monosymptomatic or asymptomatic, all with tTG-IgA >9U/ml
and a biopsy report. Patients have been divided into 5 groups (A-E) according to their tTG-IgA levels: A, >100 UI/ml; B, 80-
99 UI/ml; C, 60-79 UI/ml; D, 40-69 UI/ml; E, 9-39 UI/ml. A Positive Predictive Value (PPV) for each group has been evaluated.
78,9 of the patients included reported a positive biopsy. Biopsy was positive in 100 of the patients in groups A, B, C, with a
Positive Predictive Value of 100%. PPV was 75% in group D and 78,7% in group E. In group A patients were divided in 3
subgroups: typical symptoms (67.4%), monosymptomatic (16.2%) and asymptomatic (16.2%). All of them (100%) had a
positive biopsy report. PPV was 100% in typical symptoms subgroup as well as in monosymptomatic and asymptomatic pa-
tients. This study confirms the ESPGHAN Recommendation, concluding that in patients with typical symptoms and tTg-IgA
ten times over the reference values the biopsy could be avoided. These results open the question whether the biopsy can be
also avoided in patients with tTG-IgA ten times over the reference values even if monosymptomatic or asymptomatic. This
approach could be followed by 50% of biopsies avoided in our case series.
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mon among extraintestinal symptoms), decreased
bone mineralization (osteopenia/osteoporosis),
dental enamel defects, irritability, chronic fatigue,
neuropathy, arthritis/arthralgia, amenorrhea, in-
creased levels of liver enzymes [5].

Diagnostic tests firstly consist in measuring antibod-
ies tTG-IgA (anti-tissutal transglutaminase) and EMA
(anti-endomysium). EMA binds connectival tissue that
envelops smooth muscle. This test is highly specific for
celiac disease, even if with low title. Sensitivity is
>90% and specificity is almost 100%. Tissutal transg-
lutaminase is an intestinal epithelium enzyme that
catalyses glutamine deamination. It is the target of
EMA. IgA anti-tTG has a sensitivity of 90-98% and a
specificity of 94-98%. Intestinal biopsy is defined as
the gold standard for diagnosis, as claimed in NICE
guidelines, National Institute for Clinical Evidence [6].
Anatomic lesions are classified according to Marsh-
Oberhuber classification (1999) (Table 1) and, more re-
cently, Corazza-Villanacci one (2005) (Table 2) [7,8].

Anyway, considering the invasive character of both
the endoscopic procedure and the anaesthesia, the high
cost of this practice and, at the same, time keeping into
account the higher and higher CD prevalence, less in-
vasive diagnostic tests are being tried [9]. Since the
sensitivity and specificity of serological tests are reach-
ing the values of 100%, it is necessary to understand

in which conditions they can be used as exclusive tools
for diagnosis [2]. There are increasing evidence that di-
agnosis can be assessed without biopsy in pediatric pa-
tients with tTG-IgA >10 times over reference values
and typical symptoms [10,11]. The ESPGHAN Recom-
mendation (2012) states that: “Histological assessment
may be omitted in symptomatic patients who have
high IgA anti-TG2 levels (10 times above reference val-
ues), verified by EMA positivity, and are HLA-DQ2
and/or HLA-DQ8 heterodimer positive” [1]. 

The aim of the study is to establish the association
between tTG-IgA levels and anatomic lesions, by re-
defining the biopsy role in CD diagnosis. The research
focuses on Positive Predictive Value of serological tests,
even in children without typical clinical presentation.

MeTHODS

In this retrospective study, clinical and laboratory
data have been analysed in 95 pediatric patients, as-
sessed at the Pediatric Unit in Siena from 2005 to 2011.
86 patients have been included, with tTG-IgA >9U/ml
and a biopsy report. They were 62 females and 24
males, mean age was 6,86. 9 patients have been ex-
cluded because they had not undergone an EGDS.
Biopsy report has been considered positive if the

Table 1. Marsh-Oberhuber Classification (IEL = intraepithelial lymphocytes, reference values: <40 in jejunum and <30 in
duodenum).

Marsh type IeL/enterocytes IeL/enterocytes Crypt hyperplasia Villi
jejunum duodenum

0 <40 <30 Normal Normal

1 >40 >30 Normal Normal

2 >40 >30 Increased Normal

3° >40 >30 Increased Mild atrophy

3b >40 >30 Increased Marked atrophy

3c >40 >30 increased Complete atrophy

Table 2. Corazza-Villanacci Classification.

Grading

A Non atrophic lesion 

b Atrophic lesion
B1 – Villous/Crypt ratio <3/1, with still detectable villi
B2 – Not still detectable villi
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anatomic lesion was ≥ 2 in Marsh-Oberhuber Classifi-
cation. Patients have been divided into 5 groups (A-E),
see Table 3, according to their tTG-IgA levels and a
Positive Predictive Value (PPV) for each group has
been evaluated. 

There were 43 patients in group A. They were di-
vided in 3 subgroups, according to their presentation
phenotype: 
a. typical symptoms (67.4%) n=29;
b. monosymptomatic (16.2%) n=7;
c. asymptomatic (16.2%) n=7.

Children in typical symptoms subgroup (a) pre-
sented 2 or more of these features: diarrhea, abdominal
pain, malabsorption, sideropenic anaemia, failure to
thrive. 

In monosymptomatic subgroup (b): 4 patients had
failure to thrive, 2 had sideropenic anemia and 1 of
them had fractures and vitamine D deficit.

In asymptomatic children (c) tTG-IgA were positive
during screening for positive family history (n=2), for
atopic dermatitis (n=2) or occasional test (n=3).

ReSULTS

Among 86 patients included in our study, 78,9% had
a positive biopsy report. Biopsy was positive in all pa-
tients in group A, B and C (Table 4).

The Positive Predictive Value of serological tests was
100% in patients with tTg-IgA >60 UI/ml. This predic-
tive value can also be applied in patients with tTG-IgA
>100 UI/ml and atypical symptomatology or mono-
symptomatic. Biopsy report was positive in 3 out of 4

patients in group D and in 26 out of 33 patients in group
E with a PPV respectively of 75% e 78.7% (Table 5).

CONCLUSIONS

In our research, those patients with tTG-IgA >100
UI/ml and typical symptoms were 29: according to
ESPGHAN guidelines, biopsy could be avoided in 29
out of 86 studied cases, therefore in 33.7% (i.e. one
third of our case-series). This retrospective study
demonstrates that CD diagnosis can be assessed with-
out biopsy at least in children with typical symptoms,
tTG-IgA >100 UI/ml and positive EMA. A prudent but
feasible approach could be renouncing to intestinal
biopsy only if tTG-IgA positivity is associated with

Table 3. Patients have been divided into 5 groups, according
to their tTG-IgA values.

Groups Ttg-IgA levels
(UI/ml)

A (n=43) >100

b (n=5) 80-99

C (n=1) 60-79

D (n=4) 40-59

e (n=33) 9-39

Table 4. Clinical features and positive biopsy reports for each group.

Group Serology tTg-IgA (UI/ml) Clinical features biopsy ≥Marsh 2

A (n=43) >100 Typical (n=29) 29/29
Monosymptomatic (n=7) 7/7
Asymptomatic (n=7) 7/7

b (n=5) 80-99 Typical (n=1) 1/1
Monosymptomatic (n=2) 2/2

Asymptomatic (n=2) 2/2

C (n=1) 60-79 Typical (n=1) 1/1
Monosymptomatic -

Asymptomatic -

D (n=4) 40-59 Typical (n=1) 1/1
Monosymptomatic (n=3) 2/3

Asymptomatic -

e (n=33) 9-39 Typical (n=22) 17/22
Monosymptomatic (n=4) 4/4

Asymptomatic (n=7) 5/7
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EMA positivity and the genetical compatibility is con-
firmed. This approach is also suggested by ESPGHAN
guidelines. 

In despite of the small case-series, 32.4% of group A
(n=14, i.e. almost one third) does not have classical
symptoms, while it presents tTG-IgA >100 UI/ml and
positive biopsy report. To conclude, following
ESPGHAN guidelines, out of 86 patients of our case-
series, 29 with typical symptoms could have been di-
agnosed without biopsy. Nevertheless, according to our
research, the previously studied 14 children (mono-
symptomatic or asymptomatic) could also have been
diagnosed without biopsy. Therefore, a total of 43 chil-
dren (50% of the case-series) could have avoided
biopsy procedure. 

There is still room for verifying the effects of this new
indications in clinical practice: will the diagnosis pro-
cedure have a further simplification or will it become
more complicated? Finally, will exams, advices and pa-
tient’s complaints before diagnosis increase or de-
crease? There will be more mistakes? Which will be
the effect of the diagnosis without biopsy on the
gluten-free diet compliance? All these questions will
need to be answered by ad hoc studies. Nevertheless,
evidence still shows a need of simplifying CD diagno-
sis, due to its high prevalence. The real effectiveness of
this new approach and its effects on CD management
will need to be addressed by further multicenter
prospective studies. 

ReFeReNCeS

1. Husby, S.; Koletzko, S.; Korponay-Szabo’, R.; Mearin, M. L.;
Phillips, A.; Shamir, R.; Troncone, R.; Giersiepen, R.; Branski, D.;
Catassi, C.; Lelgeman, M.; Maki, M.; Ribes-Koninckx, C.; Ventura,

A.; Zimmer, K. P.; for the ESPGHAN Working Group on Coeliac
Disease Diagnosis, on behalf of the ESPGHAN Gastroenterology
Committee. European Society for Pediatric Gastroenterology, He-
patology, and Nutrition Guidelines for the Diagnosis of Coeliac Dis-
ease. J. Pediatr. Gastroenterol. Nutr. 54: 136-160; 2012.

2. Mubarak, A.; Wolters, V. M.; Gerritsen, S. A. M.; Gmelig-Meyling,
F. H. J.; Ten Kate, F. J. W.; Houwen, R. H. J. A biopsy is not always
necessary to diagnose celiac disease. J. Pediatr. Gastroenterol. Nutr.
52: 554-557; 2011.

3. Kurppa, K.; Salminiemi, J.; Ukkola, A.; Saavalainen, P.; Löy-
tynoja, K.; Laurila, K.; Collin, P.; Mäki, M.; Kaukinen, K. Utility
of the new ESPGHAN criteria for the diagnosis of celiac disease in
at-risk groups. J. Pediatr. Gastroenterol. Nutr. 54: 387-91; 2012.

4. Freeman, H. J.; Chopra, A.; Clandinin, M. T.; Thomson, A. B. R.
Recent advances in celiac disease. World J. Gastroenterol. 17: 2259-
2272; 2011.

5. Troncone, R.; Jabri, B. Coeliac disease and gluten sensitivity. Jour-
nal of Internal Medicine. 269: 582-590; 2011.

6. National Institute for Clinical Excellence. Clinical Guideline 86:
coeliac disease. http://www.nice.org.uk/nicemedia/pdf/CG86Full-
Guideline.pdf.

7. Oberhuber, G.; Granditsch, G.; Vogelsang, H. The histopatology of
coeliac disease: time for a standardized report scheme of patholo-
gists. Eur. J. Gastroenterol. Hepatol. 11: 1185-1194; 1999.

8. Corazza, G. R.; Villanacci, V.; Zambelli, C.; Milione, M.; Luinetti,
O.; Vindigni, C.; Chioda, C.; Albarello, L.; Bartolini, D.; Donato,
F. Comparison of interobserver reproducibility with different his-
tologic criteria used in celiac disease. Clin. Gastroenterol. Hepatol.
5: 838-843; 2007.

9. Giersiepen, K.;  Lelgemann, M.;  Stuhldreher, N.;  Ronfani,
L.;  Husby, S.;  Koletzko, S.;  Korponay-Szabó, I. R.;  ESPGHAN
Working Group on Coeliac Disease Diagnosis. Accuracy of diagnos-
tic antibody tests for coeliac disease in children: summary of an ev-
idence report. J. Pediatr. Gastroenterol. Nutr. 54: 229-241. 2012.

10. Benelli, E.; Ronfani, L.; Radillo, O.; Martelossi, S.; Ventura, A. Di-
agnosi di celiachia: basta con la biopsia? Medico e Bambino. 8:
493-498; 2002.

11. Hill, I. D.; Horvath, K. Non biopsy diagnosis of celiac disease: are
we nearly there yet? J. Pediatr. Gastroenterol. Nutr. 54: 310-1;
2012.

Table 5. Biopsy report and Positive Predictive values has been calculated for each group.

Groups Positive biopsy PPV (%)

A (n=43) 43 100

b (n=5) 5 100

C (n=1) 1 100

D (n=4) 3 75

e (n=33) 26 78.7



INTRODUCTION

Esophageal atresia (EA) and/or tracheo-esophageal
fistula is a congenital anomaly with an incidence of
1:2,500/1:4,500 alive newborns. It is more frequently
in prematures and it does not shows any predilection
for either sex gender or race [1].

After several therapeutic attempts by other Authors,
in 1941 Haight and Towslet achieved the first success
in surgery of EA in terms of survival [2-3]. Surgery and
postoperative management has continuously pro-
gressed ever since. Despite corrective surgery has been
practiced for the last 50 years, few data are available
on long-term results. As survival rate rises, the number
of subjects reaching adult age increases, and among
them the number of those suffering from long-term
complications of the gastrointestinal tract is high [4-8].

We report the experience of two European centers in
long-term follow-up of patients undergoing surgery for
esophageal atresia.

MATeRIALS AND MeTHODS

A study was carried out at the Units of Paediatric Sur-
gery in Siena (Italy) and Toulouse (France) to evaluate
long-term follow-up of 81 patients operated for

esophageal atresia of III type (50 males, 56,8%, and 38
females, 43,2%) (EA) between 1988 and 2007.

The time limit of 2007 was set to obtain a temporal
gap of at least 6 years from surgery, for follow-up. The
protocol is based on analysis of residual symptoms or
postoperative complications occurred in these children
during infancy, school age, adolescence through post-
operative controls and through direct interviews or
questionnaires sent to parents who responded about
growth, surgery, complications, history, food and
meals. Patients were followed regularly at the Pediatric
Surgery Services, Pediatric Gastroenterology, Pediatric
Pulmonology and Pediatric Otolaryngology for a vari-
able time and according of regression of symptoms,
with clinical, instrumental (endoscopy, pH-metry, RX
chest, barium meal) and laboratory tests (blood test for
possible allergens, etc.).

Evolution of symptoms was assessed postoperatively
in relation to 3 different time intervals: during the 1st

year, between 2nd and 5th year and over 5 years from sur-
gery. The parameters evaluated were: feeding difficulties,
respiratory problems and upper airways infections,
growth disturbances and morphological chest anomalies. 

Data obtained in our study were analyzed by Mc
Nemar’s test comparing values of 1st year with period
2nd-5th year and 1st year with that 5th year. Data were
considered significant with a value of “p <0.05”.
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Abstract. A study carried out at the Paediatric Surgery Units in Siena and Toulouse evaluated the long term follow-up of pa-
tients treated for esophageal atresia (EA), between 1988 and 2007. We analyzed the long term follow-up of 57 patients with
III type EA. We evaluated the residual symptoms in three time intervals: in 1st years, between 2nd to 5th year and over 5th years
from surgery. The considered parameters were: feeding difficulties, respiratory problems, gastro-esophageal reflux, growth
impairment, chest anomalies. Feeding difficulty appeared in 26 patients in the 1st year of life, in 28 between the 2nd and 5th

year and in 6 after the 5th year. Respiratory problems occurred in 35 children in 1st year, in 30 between the 2nd and 5th year
and in 17 after the 5th year. Gastro-esophageal reflux occurred in 30 patients in 1st year, in 22 between the 2nd and 5th year and
in 8 over the 5th year. Defects of growth were detected in 17 patients in 1st year of life, in 16 between the 2nd and 5th year and
in 5 after the 5th year. Chest anomalies were diagnosed in 7 children. Our analysis established a time limit (5th year postop-
eratively) over which an undeniable improvement of life quality can be expected. 

Key words: Esophageal atresia, tracheo-esophageal fistula, dysphagia, gastro-esophageal reflux, Follow-up.
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ReSULTS

In our series 81 patients (92%) had esophageal atre-
sia of type III, 3 (3.4%) of type I, 3 (3,4%) of type II, 1
(1.2%) of type IV and 1 (1.3%) showed a fistula and
no atresia (according to Robert’s classification). In 41
cases (46.6%) associated anomalies were present.

79 patients (89,7%) with esophageal atresia of III
type underwent to primary end-to-end anastomosis. 

Surgical access to the chest cavity was obtained
through a right lateral thorachotomy at the level of the
IV-V intercostal space with extrapleural access preserv-
ing the dentatus muscle.

Surgery was carried out in the period between 0 and
37 days of life (for Cailas syndrome) (1.76 days on av-
erage).

In 25 patients (28,4%) short-term complications
were found: 13 stenoses (7 treated with pneumatic di-
lation and 1 underwent reoperation for stricture), 7 fis-
tualas (which required in 4 cases re-operation), 1
enterocholytis, 1 pulmonary abscessus with bron-
chopleural fistula, 1 case of ab ingestis and 1 case of
wound infection (Table 1).

Only 57 patients with esophageal atresia of III type
were included in the long-term follow-up study, 31 chil-
dren were excluded from the study (35,2%) because 5
died (5,7%) (1 of these patients died in another hospital,
during surgery for laryngeal anomalies), 23 were lost at
follow-up (26,1%) and 3 have not yet reached the min-
imum age for follow-up (cut-off 5 years) (3,4%).

Feeding difficulties (dysphagia for solids or liquids,
esophageal obstruction, vomiting, cough during feed-
ing) appeared in 26 patients (45.6%) during the first
postoperative year, in 28 (49.1%) between 2nd and 5th

postoperative year and in 6 (10.5%) patients after the
5th postoperative year (Figure 1).

The statistical analysis showed that:
– a comparison between 1st year and period 2nd -5th

year is not statistically significant: p=0.7948
– a comparison between the 1st year and 5th year is sta-

tistically significant: p=0.0000.
Respiratory problems and airways infections (pro-

ductive or non-productive cough, bronchial or upper
airways obstruction, bronchitis and bronchopneumo-
mia) were diagnosed in 35 (61.4%) patients in the first
postoperative year, in 30 (52.6%) between 2nd and 5th

postoperative year and in 17 (29.8%) after the 5th post-
operative year (Figure 1).

The statistical analysis showed that:
– a comparison between 1st year and period 2nd -5th

year is statistically significant: p=0.03317
– a comparison between the 1st year and 5th year is not

statistically significant: p=0.5224.
Gastroesophageal reflux (regurgitation, night or irri-

tative cough and pyrosis) affected 30 patients (52.6%)
during the first postoperative year, 22 (38.5%) between

Table 1. Short term complications identified in our patients.

Stenosis 13

Fistulae 7

Enterocholities 1

Pulmonary abscessus with 1
bronchopleural fistula

Pneumonia “Ab ingestis” 1

Surgical wound infection 1

Figure 1. Features of patients analyzed in the follow-up periods examined.
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2nd and 5th postoperative year and 8 (14%) after the 5th

postoperative year (Figure 1). Control EGDS didn’t
show Barret’s esophagus in these children. Seven pa-
tients with reflux (12.2%) needed anti-reflux surgery
(anterior emivalve according to Thal). 

The statistical analysis showed that:
– a comparison between 1st year and period 2nd -5th

year is not statistically significant: p=0.5682
– a comparison between the 1st year and 5th year is sta-

tistically significant: p=0.00019.
The height-weight growth defects were reported in

17 patients (29.8%) during the first postoperative year,
in 16 (28%) between 2nd and 5th postoperative year and
in 5 (8.7%) after the 5th postoperative year (Figure 1).

The statistical analysis showed that:
– a comparison between 1st year and period 2nd -5th

year is statistically significant: p=0.0018
– a comparison between the 1st year and 5th year is sta-

tistically significant: p=0.0000.
Chest anomalies, asymmetries, scoliosis, retracting

scars and costal synostosis were diagnosed in 7
(12.2%) children. 

16 patients (28%) showed tracheomalacias and 12
(21%) cardiotuberositary malposition.

DISCUSSION

In the 1st year from surgery respiratory symptoms
were present in 61.4% of patients, and a minimal de-
crease was observed (52.6%) between the 2nd and
5th years and a further decrease after the 5th year
(29.8%). The decreasing trend associated to respira-
tory problems does not seem to be in direct ratio with
the modifications of the other parameters examined.

Our data are in agreement with similar studies re-
cently performed; Ure et al asserted that approxi-
mately 60% of patients operated for EA showed
immediate postoperative symptoms and these dimin-
ished over time though with a very gradual decline
[9-11]. Different factors appear to be responsible of
these symptoms: recurrent inhalations of esophageal
and gastric content for reflux, tracheo-bronchial struc-
tural instability (tracheomalacia) and anomalies in the
epithelium of the airways.

Gastro-esophageal reflux, in particular, would pro-
mote gastric content inhalation and consequently
bronchial hyperactivity, lower airways infections and an
eventual permanent bronchial damage; moreover,
bronchial constriction may also be a vagus nerve-medi-
ated consequence, though in the absence of inhalation.

Tracheomalacia seems to be responsible of cyanosis
crisis, respiratory wheezing, typical cronic cough and
lower airways recurring infections: these could be
caused by uneffective cough and, subsequently, they
would damage the activity of vibratile lashes, with a
consequent retention of bronchial secretions. [10-11-

12]. These studies also state that patients with gastroe-
sophageal reflux are most frequently hospitalized for
respiratory problems and this aspect is also supported
by our results. This kind of problems in 61,4% of the
cases could be in part due to tracheomalacia [13-14],
diagnosed in 16 patients (28%) and in part to gastroe-
sophageal reflux and atresic esophagus dysmotility.
After 5 years from surgery a decrease of respiratory
symptoms was observed, even though it is not so rele-
vant as the gastroesophageal reflux and dysphagia. A
study by Soto et al. in 2000 stated that only a percentage
of 25% of long-term respiratory problems in these pa-
tients was caused by reflux; in our patients a clinically
evident reflux was diagnosed in 7 (41,4%) of the 17
subjects presenting respiratory problems with a higher
rate after the 5th year; only in 9 of them (52,9%) were
diagnosed tracheomalacia. [15]

After EA surgical reparation, evidence of long-term
complications is very common in the gastroe-
sophageal tract, such as dysphagia or reflux; several
studies defined the necessity of some re-hospitaliza-
tion periods, so the patients could undergo both in-
vasive instrumental investigations and surgical
re-interventions. [16]

1 year after surgical treatment, a percentage of 5,6%
(40 subjects) was diagnosed with dysphagia; between
the 2nd and the 5th postoperative year, there was an in-
crease of its incidence up to 49,1%; these results were
followed by a large decrease (10,5%) after the 5th

postoperative year; this decrease depended on correct
medical approach and both from esophageal surgery
for the management of closed stenosis (performed in
two patients only). Some of similar studies (Chetcuti
et al.) showed dysphagia seems to be more common
in older children as a consequence of their major abil-
ity to describe symptoms. [16] In our series, this may
equally explains the increase of dysphagia between
the 2nd and the 5th year after surgery. Dysphagia,
whose frequency is equal until the 5th postoperative
year, improves with growth.

The aethiology of this condition is due to the pres-
ence of a peptic esophageal stenosis, commonly found
on the anastomosis; this is caused by excessive ten-
sion of the suture, surgical manipulation of the
stumps and evenutal dehiscences from the suture.

Cardiotuberositary malposition, gastroesophageal re-
flux and esophageal dismotility may also induce this
symptomatology [17-18]. Anomalies in gastric and
esophagus innervation observed in after-death studies
and a motility disorder between the proximal and the
distal esophageal stump may suggest an intrinsic cause
of this condition. Only a percentage of 26,3% of our
patients had a stenosis with a significant correlation
with dysphagia. The sudden decrease observed in the
rate of dysphagic patients after the 5th postoperative
year could be due in part to treatments (pneumatic di-
lation and reflux control), but mostly to esophageal
maturation and improvement of its motility.
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Gastoesophageal reflux has been documented in
more than a half of the analyzed patients (52,6%) in
the first postoperative year, with a percentage of de-
crease reaching 38,5% between 2nd-5th year and a fur-
ther decrease (14,5%) after the 5th year (in our study,
invasive ph-metric and esophagogastroduodenoscopic
investigations were only performed in presence of clin-
ical symptoms).[19] This complication is suggested to
be directly related to the traction exerted on the lower
stump; this complication is also related to the conse-
quent cardiotuberositary malposition (which was re-
ported in only 12 patients of our series, 21%), to
esophageal alterations linked to ineffective clearance
and to lesions of the vagus nerve with a consequent al-
tered gastric emptying. [20] Improvement of the symp-
toms after the 5th year may be due to successful medical
or surgical treatment (performed only in 7 of our pa-
tients, 12,2%); growth defects were observed in most
of our patients, in agreement with other studies (Chet-
cuti et al.). [16] Our patients showed a retarded growth
ranging from -3 to -0,5 DS, with a rate of 29,8% during
the first postoperative year. Undoubtedly, these pa-
tients had serious feeding difficulties especially in the
first years after surgery, but this aspect is linked to typ-
ical EA gastrointestinal symptoms. With the decrease
of dysphagia and gastro-esophageal reflux an evident
recovery in terms of growth clearly occurred; height
and weight impaired only in the patients who had a
relapse of symptomatology referred to the gastrointesti-
nal tract after the 5th year. In any case, long-term chil-
dren’s growth can be referred as excellent [16].

Aesthetic defects from surgery only occurred in 7
patients (12,2%) of our series. This result was
achieved for the correct performance of the surgical
procedure and, in particular, the correct dissection of
the dentatus muscle whose wrong incision may lead
to aesthetic defects linked to the abnormal chest de-
velopment (scoliosis, asymmetries).

CONCLUSIONS

According to the results exposed, we can state that
long-term evaluation in children undergoing surgical
procedure for EA and/or esophageal fistula are satis-
fying, despite the respiratory and gastrointestinal dis-
orders occurring in the first phase.

The patients surgically treated have a very good life
quality, including the ones with some residual symp-
toms they successfully succeed in handling with var-
ious “tricks”.

Our analysis also establishes a time limit (the 5th

year postoperatively) after which a remarkable im-
provement of life quality can be expected. Several
studies assert the importance of psychological and
technical support groups for parents and patients in
order to minimize trauma after frequent hospitaliza-

tions, invasive investigations or, even worse, surgical
interventions as children grow up.Undoubtedly, fol-
low-up of these patients is a field worth of further in-
vestigations with the help of larger retrospective
studies for the evaluation of residual symptoms, life
quality after years from surgery and achievement of a
homogeneous procedure for the assessment of the
short and long-term follow-up.
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INTRODUCTION

Asthma is the most common chronic disease in chil-
dren of industrialized countries [1]. GINA (Global Ini-
tiative for Asthma) guidelines defines asthma as a
chronic inflammatory disorder of the airways in which
the chronic inflammation is associated with airway hy-
perresponsiveness that leads to recurrent episodes of
wheezing, breathlessness, chest tightness and coughing.
These episodes are usually associated with widespread,
but variable, airflow obstruction within the lung that is
often reversible either spontaneously or with treatment
[2]. Diagnosis in preschool children is greatly underes-
timated (prevalence 8.6%) because of high frequency of
infections of respiratory tract and difficulties in perform-
ing spirometry tests. Therefore asthma should be sus-
pected in every child with recurrent wheezing or cough
[3]. In the diagnostic process of asthma in children case
history, physical examination, in vitro and in vivo testing
for allergies and determination of pulmonary function
are needed. The most used measures for lung function
evaluation are peak expiratory flow (PEF) and forced
expiratory flow-volume curve [4]. In preschool chil-

dren, unable to perform reliable spirometry tests, we
can use interrupter resistance (Rint) technique. Rint is
a non-invasive technique, easy and repeatable, with a
good correlation with gold standard techniques and
able to detect changes in airway caliber [5-6]. This tech-
nique needs a little cooperation from children who are
only requested to breath quietly trough a mouthpiece.
In the execution of Rint, while the child breathes in
tidal volumes, the airflow is interrupted for 100 mil-
liseconds and during this occlusion, alveolar and mouth
pressure rapidly equilibrate [7]. Rint is defined as the
pressure dived by the air flow measured immediately
before the interruption. Optimal control of symptoms
in asthmatic children requires, according to GINA re-
port 2011, continual clinical follow up and lung func-
tion valuation [2]. The aim of our study is to assess Rint
utility in asthma management when integrated with
clinical evaluation of preschool children.

MeTHODS

Data from children with recurrent wheezing and/or
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Abstract. Asthma is the most common chronic disease affecting children in industrialized countries but it is greatly underdiag-
nosed in preschool children. In these patients, who are not able to collaborate in the execution of  spirometry tests, it is possible
to use interrupter resistance (Rint) technique. The aim of our study is to assess Rint utility in asthma management when inte-
grated with clinical evaluation in preschool children. Data from 35 preschool children with recurrent wheezing and/or cough
were collected. Case history, physical examination, in vitro and in vivo allergy testing were investigated. According to the pres-
ence or absence of symptoms in intercritical period they were divided into two groups, asymptomatic (A) and symptomatic (B).
To assess respiratory function we used baseline and post-bronchodilator Rint. In group A (asymptomatic) baseline Rint was
normal in 78,9% of children and increased in 21,1%. After bronchodilator (BD) administration there was a significant response
in 52,6% of patients. In group B (symptomatic) baseline Rint was normal in 81,3% of children and increased in 18,7%. After
bronchodilator administration there was a significant response in 56,3% of patients. Our results confirm that baseline Rint
cannot be used to discriminate between healthy and sick children, therefore it is necessary to perform this test after administra-
tion of BD. In our patients, a significant response to BD  permitted to objectify the discomfort of symptomatic children and to
report a state of subclinical bronchial obstruction and/or bad perceptions of the severity of bronchospasm in asymptomatic ones,
allowing to confirm previous therapeutic choices in some cases and to suggest different therapeutic strategies in others. Therefore,
bronchodilator response measured by Rint should be systematically studied and further assessed in conjunction with clinical
outcomes, in order to implement asthma management in children unable to produce reliable spirometry.
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cough, referred to our allergology and bronchopneu-
mology laboratory from 2009 to 2011, were collected.
The patients were 35 preschool children (3-5 years), 22
boys and 13 girls, with a mean age 4,46 years.

All the patients were requested to answer some ques-
tions about case history with particular attention to
wheezing features: starting age, number of episodes in
the last year, wheezing frequency, number of episodes
that required hospitalization, trigger factors. Clinical
conditions in the intercritical period were investigated
(daytime respiratory symptoms, changes in sleep pat-
tern, interference with physical activity and need for
bronchodilators) and according to these criteria children
were divided into two groups, asymptomatic and symp-
tomatic. Atopic status was documented by Skin Prick
Test (SPT) for common allergens: dermatophagoides
pteronissinus, dermatophagoides farinae, aspergillus,
alternaria, derived epithelial cells of animals, grasses,
olive tree, cypress, beech tree, ash tree, holm oak, plane
tree, oak tree, birch tree, pellitory, ambrosia, and food
allergens. Respiratory function was studied through
baseline and post-bronchodilator (salbutamol 200 µg,
short-acting b2-adrenergic receptor agonist) interrupter
resistance (Rint) technique. Rint was performed using
desktop spirometer COSMED Pony FX. In our study we
used, as reference values,   those “predicted” developed
from the study of Lombardi [8], calculated through the
following equation:

Predicted Rint=2,126878-(0,012538xheight in cm)

After the determination of that value, depending on the
auxometric characteristics of each patient, we calculated
the z-score (coinciding with the SD from predicted):

z-score= measured Rint - predicted Rint 
RSD

with RSD= residual standard deviation=0,2038

Rint values with z-score >2 standard deviations (SD)
were considered pathological. Bronchoreversibility
was defined significant when the decrease in airway
resistance was >0.25 kPa/Ls. To process the report the
graph in Figure 1 was used.

ReSULTS

Children included in our research were submitted to
the study of airway resistance using the interrupter re-
sistance technique (Rint). In the whole group, 20% of
patients had increased baseline Rint, while the remain-
ing 80% had values   within the normal range. After
bronchodilator administration, the percentage of chil-
dren with significant response was 54.2%, of which
63.2% with normal baseline Rint and 36.8% with in-
creased baseline Rint. 

Children were divided in two groups: group A
(asymptomatic)=19 (54.3%) and group B (sympto-
matic)=16 (45.7%) (Table 1). 

In group A, basal respiratory resistance was in-
creased in 21.1% of patients while the remaining
78.9% had values   within the normal range (Table 2).
After administration of bronchodilator, 52.6% had a
significant response (Table 3). A patient with normal
baseline Rint did not cooperate in bronchoreversibility
test. All the patients with increased baseline Rint had
significant response to b2-agonist (100%), 6 of 15 pa-
tients with normal baseline Rint had significant re-
sponse (40%). 

In group B, baseline Rint was increased in 18.7% of
patients and normal in 81.3% (Table 2). After admin-
istration of bronchodilator, Rint was significant in
56.3% of patients (Table 3). All the children (100%)
with increased baseline Rint and 46% of those who
have normal baseline airway resistance significantly
responded to salbutamol. 

Figure 1. Graph used to process baseline and post-bronchodilator Rint data.
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DISCUSSION

In our case series baseline Rint showed increased air-
way resistance in 21,1% among asymptomatic children
and in 18,7% among symptomatic ones, whereas it
was normal in 78,8% of asymptomatic and in 81,3% of
symptomatic children.

Our data confirm the literature [9-12]: in fact, accord-
ing to the large interindividual variability of Rint de-
tected in healthy subjects and the overlapping of values   
between healthy and asthmatic children, the only
measurement of airway resistance in basal conditions
does not discriminate between healthy and wheezer
children. Therefore, to increase the diagnostic effective-
ness of this method, it is appropriate to perform the
bronchoreversibility test. In our small case series, a
positive response to b2-agonist showed no differences
between symptomatic (56,3%) and asymptomatic pa-
tients (52,6%): these data are probably influenced by
the small amount of the sample and by the fact that

more than a half of asymptomatic children, susceptible
to b2-agonist and with high percentage of wheezing re-
lated to airway infections, performed Rint in Septem-
ber (a short distance from respiratory viral infections
which can influence the bronchoreversibility). 

Moreover, some children with symptomatic intercrit-
ical period but refractory to salbutamol, reported recur-
rent cough. This was immediately treated with
repeated inhalation of b2-agonist, and this may had af-
fected the response to bronchodilator (for instance,
children must have stopped therapy at least 8 hours be-
fore the test). In this preschool population the positive
measurement of baseline and post-bronchodilator Rint
permitted to objectify the discomfort of symptomatic
children and to report a state of subclinical bronchial
obstruction and/or bad perceptions of the severity of
bronchospasm in asymptomatic ones. Conversely, a
negative result allowed a misinterpretation of the clin-
ical symptoms of symptomatic children or to confirm a
good respiratory performance in asymptomatic ones.

Table 1. Clinical features of children included in groups A and B.

Group A Group b
(Asymptomatic n=19) (Symptomatic n=16)

Parental asthma 6 (31%) 7 (43.7%)

Atopic dermatitis 9 (47.3%) 9 (56.2%)

Positive spt 10 (52.6%) 9 (56.2%)

Symptoms and airway infections 12 (63.2%) 5 (31.2%)

Table 3. Rint after bronchodilator administration in asymptomatic (A) and symptomatic (B) children.

Rint after β2-agonist Gruppo A* Gruppo b 
(Asymptomatic n=19) (Symptomatic n=16)

Significant 52,6% 56,3%

Non significant 42,1% 43,7%

Table 2. Baseline Rint in asymptomatic (A) and symptomatic (B) children.

Airway resistance in baseline rint Group A Group b
(Asymptomatic n=19) (Symptomatic n=16)

Normal 21,1% 18,7%

Increased 78,9% 81,3%
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The evaluation of airways resistances, however, plays
an important role in management of the wheezer child,
allowing, in some cases, to validate the previous ther-
apeutic choice and in others to suggest a different ther-
apeutic approach. As stated in the study of Beydon, in
a large proportion of the population of asthmatic chil-
dren, Rint correlates with spirometric indexes (FEV

1
,

FEV
1
/FVC, FEF

25-75%
), but has poor sensitivity to detect

baseline obstruction, while has good sensitivity and
specificity to detect bronchoreversibility [12]. There-
fore, bronchodilator response measured by Rint should
be systematically studied and further assessed in con-
junction with clinical outcomes, in order to implement
asthma management in children unable to produce re-
liable spirometry.
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MAPPING bODY…

Man creates maps of land, of earth, of sky, of real or
imaginary worlds, of micro- and macro-cosmos, of
everything, including his own body.

He uses many different matters to draw these maps.

The first and meaningful one is the skin, so the map is
on the body and the denomination “body map” means
that the body itself is a map. When the map is sepa-
rated from the body the most used support has been
and is still now a writable surface, that is paper or a
similar one. Since the late XX century, the digital tech-
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FROM BODY TO MAP & BACK. DRAWING BODY MAPS: ON SKIN, ON PAPER,
ON BIT AND ON NEURONS. A CORE FOR RECENTLY ESTABLISHED ANTHROPOKINETICS
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Abstract. Man creates maps of land, of earth, of sky, of real or imaginary worlds, of micro- and macro-cosmos, of everything,
including his own body. Maps are useful for knowledge and for practice, linking one another these two kind of relation with
the mapped space. When we say “body maps” we can mean both “maps of body” (representing body) and “maps on body”
(representing something else that is projected on body, even forced to be adapted for coinciding with body). Maps are not simply
a double of a country or of a body. Mapping gives a different and further ontology to the represented objects by a cause-effect
circle, by a dialectic relation between two extended territories (the concrete one and the mapped one). Human body has been
mapped as a land to orient our own or other’s navigation. To do this we need marks, references, directional systems: polarities,
oriented lines, preferential protocols. Marks may be based on existing anatomical features or on projection of conceptual/sym-
bolic elements, transcending somatic concreteness, relatively heterogeneous to flesh. The anatomical features can regard soft or
hard tissues, similarly to “complexio” and “constitutio” of ancient physiognomy. This navigation is aimed to find signs, to read
text(s) that is/are written on its surfaces and in its deepness, to act on it. The body maps taxonomy can be based on supports:
skin, paper or bit or to contexts/purposes: official medicine (that presents iconographic maps as 4D body imaging and not icono-
graphic maps as DNA), alternative medicine, figurative arts, physiognomics, mantics, motion capture in cinema, erotic contexts
(the ancient ars erotica and the modern scientia sexualis) mystic cosmology and so on. A particular case of neuronal mapping is re-
lated to movements. This perspective leads us toward a precise direction, grounding the study of the human movement in a
very interesting way. This study is still looking for its own center that can define its specificity, its epistemic identity. The term
“anthropokinetcs” (from the Greek words anthropos and kinesis) seems to be fully capable of indicating this recently established
(in Anglophonic world, but still not existing in Italy) disciplinary area. This term is obviously related to “anthroposomatics”,
that indicates the field of the studies related to human body. We aim neither to erase the legitimacy of existing studies of many
different sciences that are referred to moving human body nor to create a double of these studies. Instead, we would like to
offer them an organic frame to organize their contents and their methods, in order to apply and to communicate them in the best
way. This line of study has the purpose of understanding human action thanks to researches that are capable of integrating bio-
mechanical approach with neuronal one (definable “neuro-mechanics”). First of all this approach originates a dialectic play be-
tween these two areas (but many others must be involved, as robotics, semiotics, EEC, IIB) and shows that the Nervous System
is a “black box” that, after motor learning, manages sensory-motor information as space-time derivatives and integrals. So the
CNS is competent (it owns the necessary acquaintance) as an engineer, even if according to a different formalization, it is based
on neuronal sources. Anyway it solves real time and with efficacy the interaction problems, managed as input-output patterns.
Here we propose to follow and to empower the recent establishment of the anthropokinetics, a knowledge of human action
that can be applied in many fields: ergonomics, therapy, motor techniques (in work, in sport, etc.), didactics and so on. Engi-
neering can offer adequate and effective models for the study of the execution of human action. The connecting rod-crank mech-
anism and, generally, the mathematical-physical approach to moving bodies are meaningful examples. Writing the “trait-d’union”
to link one another the biomechanical and the neuronal data means reaching the heart of the matter. When we speak about
neural functionality we have to interpret this as the biological datum correlated with the abstract thinking and cultural elements.
The natural location of this researches could be seen in the motor sciences academic departments.

Those who see any difference between soul and body have neither
(Oscar Wilde)
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nology has allowed us to realize virtual maps, whose
implication in creating, managing, reading, using are
deeply different. These epochal transformations has
produced feedbacks on the previous way of formaliz-
ing maps, changing many of their aspects.

So when we say “body maps” we can mean both
“maps of body” (representing body) and “maps on
body” (representing something else that is projected on
body, even forced to be adapted for coinciding with
body). Sometime these can coincide: on skin we can
draw the map of the interior organs.

Body iconography is very diffused in many cultures
since a very long time.

The western culture has always created many models
for body representations, and not all are maps.

The representations have different features, they sat-
isfy many different aims: searching of beauty, of per-
fection, expressing or formalizing aesthetic tastes (art),
building of texts of knowledge (scientific illustrations),
showing the invisible, offering an object, following de-
votional practices (sacred iconography). Disregarding
features and functions, these representations have al-
ways created a double of the directly perceived body.
This double is a mirror (to compare, to recognize our
body) and a filter, through which one can watch his
own body, both a limit and a source to interpret and to
value real body.

Body would not be the same (in the living experience
as much as in the culture) without the representations:
the flesh is not the only matter that composes body.
Paper, pencil signs, colors, marble, pixels and so on (in
iconography, but also words and other semiotic de-
vices) are part of our body.

There is a long history of parallel courses of artistic
and scientific illustration, with many reciprocal cross-
ings (Leonardo and the Renaissance) or analogies
(anatomical iconography has been inspired to artistic
– pictorial or engraving – models during many cen-
turies, since renaissance until the eighteenth century,
after, on the contrary, art will be inspired to scientific
knowledge and models). New technologies (photogra-
phy, cinema and, later, digital devices) are a decisive
turning point that reconfigures a new relation between
art and technology, where the second one becomes in-
dependent and offers original models to art. Beginning
from impressionism and so on with futurism, we can
see as that the art passes across the filter of technology.

From the irenic contemplation requested by classical
art, to the devoted faithful sight of the believing of Me-
dieval Age, from the spatially placed and geometrically
valuing eye of Renaissance spectator of art and architec-
ture, from the calculating view offered by technological
drawings and engineering projects to eye-lens of Vertov,
our organic device to watch has been involved in many
different ways and with different grades.

Virtual avatars are replacing first person body: its
centre becomes double and our sensory-motor func-
tions are projected out of our boundaries.

Human body has been mapped as a land to orienteer-
ing our own or other’s navigation. To do this we need
marks, references, directional systems: polarities, ori-
ented lines, preferential protocols.

Marks may be based on existing anatomical features
or on projection of conceptual/symbolic elements, tran-
scending somatic concreteness, relatively heteroge-
neous to flesh. The anatomical features can regard soft
or hard tissues, similarly to “complexio” and “consti-
tutio” of ancient physiognomy.

This navigation is aimed to find signs, to read text(s)
that is/are written on its surfaces and in its deepness,
to act on it.

Thanks to maps, body is no more an unknown, ob-
scure landscape: a map that is projected onto body,
overwritten on body, is a source that allows to cross
and to solve the limit of mystery, of chaos.

Observer’s eye cannot get lost. It needs rules and
models if someone wants to understand body and to
act on it.

Mantic arts, physiognomic typing, cosmic vision of
Renaissance, artistic canons, medical diagnosis find in
maps decisive reading keys.

This paper wants to show a comparative vision of
these arguments that may be seen in a historical per-
spective too. So it allows to see similarities, differences,
relations, derivations, drifts, statistic frequencies of be-
liefs, behaviours and so on.

Maps can be:
i) implicit (unvoiced) as the maps of decency, of

showing off parts (for erotic appeal, for displaying
muscles as a peacock, etc.), of touching/ touched
parts;

ii) explicit: iconographic or verbal texts represent
body.

Applied technologies contribute to establish and to
build new models of body imaging aimed at drawing
maps and new ways of interacting. Digital elaboration
and synthesis of body imaging allows a quality/quan-
tity extension of perceptive fields, makes visible the
invisible.

Due to body maps, disregarding their particular fea-
tures, the existential perception of real body passes
through these models that are absorbed during encul-
turation processes.

Body is not directly examined and valued (see diagno-
sis in medical contexts) as concrete living flesh, but bas-
ing oneself on the (technological or not) maps. The
distance between the observer and the body (even if they
coincide) becomes larger and larger: the interposition of
map is unavoidable and map becomes “part” of body.

Anthropometric measures and anatomical tax-
onomies are analytically placed on body maps.

Living body is the field where we can recognize
map’s contents and it is recognized thanks to maps.
Real body is the screen on which maps are projected.

The biological projection can be found in our body,
determining articulated maps: dermatomes and ho-



43

ARTICLe

munculs motorius or homunculus sensitivus are the most fa-
mous example.

Anyway maps aren’t simply a double of a country or
of a body. This is to say that maps aren’t simply the
neutral representation of the reality (bodily or not).
Mapping gives a different and further ontology to it.
This operation creates a double sense process that al-
lows us to attribute meanings and sense to reality. To
be more exact there is a crossing attribution of meaning
and sense between land (in the most general sense: if
it is mapped, the body itself is a land…) and map. Ab-
stract meanings, according to cultural paradigms, to
tastes, to believing, to (supposed) relations with world
etc. cannot be attributed directly to body. The interme-
diation of a map is necessary. In the meantime the ex-
perience, the perception of the body and of the bodies
are the source and the reference to build the map.

This creates circle of cause-effect, a dialectic relation
between two extended territories (concrete one and
mapped one), a “point-to point” correspondence.

Mapping is created and used as an approach, a crite-
rion to relate oneself to a territory, an instrument to ex-
plore and to read, to know, to own it. 

Map is an instrument to make the territory or the body
something different. Mapped land or mapped body is
different from land or body of the only direct experience.
Mapping creates a hiatus, a distance from the self, a space
that allows cognitive and cultural processes. It allows the
objectivities that we give to external world. This relation
has effects that come back to the self, so the experience
is not erased but is no more the same. It is not a chance
that someone speaks about “bodyscape”: a term that is
equivalent to landscape, used about territories. 

Skin is the first place for mapping body: it is the
boundary on which world and body meet one another.
It belongs both to body, it is its surface, there is conti-
nuity between it and the underlying flesh or organs. But
skin is viewable by external watchers, that can explore
it to find places, points and references related to body’s
deepness, to accede the internal invisible organs.

The subject can explore himself, too, even in a differ-
ent way and according to a different perspective.

Finding exact points by visual and/or touching ex-
ploration is (more or less) the same as reaching the re-
lated organs. 

Skin is a map composed by a rich and complex set of
“topoi” and with its own naming system. The network
of this points reveals a typical pattern or structure. This
network is obviously functional to the purposes of the
map (diagnosis in medicine, motion capture, mantic
arts and so on)

There are many different contexts and many different
criteria to draw a cartography of the body.

We can try to articulate a taxonomy of the body maps
that is based on the supports. So we can individuate
three fundamental typologies: maps on skin (body’s
surface), maps on paper (material support where we
represent the body by opportune icons), digitalized

maps (structuring information by the digital code). The
last ones are the most plastic ones.

Another taxonomy can be based on the criterion of
correlation map-body and on the purpose of the map-
ping. We can individuate many meaningful examples.

MAPPING bODY IN DIFFeReNT FIeLDS

Medicine
Body cartography has a central role in medicine.

Anatomy is basic to medicine. It is visual and its texts are
mainly iconographic. The starting point of this principle
can be referred to a vesalian sentence “To see is to know”,
still visible in the anatomical hall of Uppsala, in Finland.
This can be otherwise confirmed by further examples:
Comenius, the proportional compass, that in 1568 was
requested by the anatomist Bartolomeo Eustachi to the
mathematician Federico Commandino. The compass is
an instrument that usually is typical of reflexive geometry
or of geographical cartography. The Eustaki’s request
demonstrates that limits among disciplines are going to
be crossed. The recently established scientific anatomy
takes advantage from these contaminations.

The principle of primary importance of iconography,
in the age of 4D atlantes, gains a different and deeper
meaning. Imagines have an extraordinary communica-
tive efficacy and own a much bigger effectiveness in
comparison with words in interpreting concepts re-
lated to our body morphology. The iconography is not
a complement, a support to the verbal description, but
they constitute the center of the watching, analysis and
learning system.

A first type of body cartography is based on land-
marks, properly reference elements on our body. We
can distinguish two fundamental types of these points:
• Skin landmarks;
• Bone or skeleton landmarks, that can be individuated

by palpation of particular body eminences trough
surface tissues.
The last ones are preferable because the position of

skin landmarks changes even in a same subject, accord-
ing to body mass index.

Anatomy, both topographic or regional, starts from
description of body as divided in four main parts: head,
trunk, superior limbs and inferior limbs. This sum-
mary division can be considered as a similar version of
the Aristotelian taxonomy (the trunk is considered the
center and it has five appendixes: the head and four
limbs). The limit between a region of these and the
next one is defined by lines that are drawn basing
them on skeletal points or on anatomical elements well
evident on body surface.

In each part we can individuate further regions own-
ing their exact anatomical identity (for ex. thorax, ab-
domen, pelvis, neck, etc.).

This kind of cartography offers an important base to
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semiotics and surgery, due to furnishing to physicians
the location of an organ and allows to value the ways
of access in surgery with speediness and sureness.

Another kind of cartography is based on der-
matomes, that is to say skin regions innervated by a
unique spinal radix.

Each posterior radix of a spinal nerve furnishes sen-
sitive fibers to a certain skin region that is called der-
matome.

Analogously, every anterior radix of the same nerve
distributes its motor fibers to a corresponding muscular
district, called miotome.

The dermatomes on neck and on trunk have a regular
shape, as ring stripes originating from medial-dorsal
line and go roundly till medial-ventral line, almost per-
pendicularly to vertical body axe.

On neck however skin regions become less exact and
they have a prevalently trapezoidal shape. On limbs
dermatomes have a more complex shape and a more
various extension.

This complex cartography shows a perfectly symmet-
rical disposition.

If we climb from spinal nerves (sensitive and motor)
to brain’s cortex, we can find a different mapping, re-
spectively relatable to the “homunculus sensitivus” and to
“homunculus motorius”. Cortex and body are each the
projection of the other.

This can be considered a properly double sense bio-
logical map.

However an informational biologic system as the
brain needs a projective correlate of the controlled sys-
tem, with a warranted correspondence point-to-point.

The correspondence surface-deepness is not only re-
garding exploring, perceiving and knowing, but also
acting on internal parts. Pressure, warmness and other
physic actions can be transmitted according to a con-
trary direction, centripetal instead of centrifugal. This
direct projection is used by common sense and by med-
icine and physiotherapy.

In ancient and exotic conceptions internal/external
correspondences are directed in different senses: a part
of the body can be considered the projection of a bigger
one. The whole body, for example, in auriculotherapy
is projected in fetal position on the external ear, in
podology is projected on the lower side of the foot.

A very important body map of 20th century is the map
of DNA. It is not an iconographic map: it is coded by a
simple set of four elements. Besides it is a linear, mono-
dimensional code. This poorness pushed scholars to
believe they were not able to code the very complex
three(four)-dimensional composition of the organism.
So they undervalued the coding sources of the “ACGT
alphabet”.

The genome doesn’t code only organism’s feature
(the 3% of DNA is enough to specify all phenotype’s
structure. Mainly part of DNA is aimed to further func-
tions: control, overview, differentiations and so on. In
order to obtain this the genome should interact with

genetic and non-genetic factors. The whole organism
is coded by the genome. The same genome is present
in each cell, but it expresses differently according to
the exact typology and place of the cell.

The evolutionary and developmental processes struc-
ture this double-sense map:
• Organization of somatic micro- and macro-architec-

ture, tissue type of the cell, relationship with other
cells, shape, dimension and structure of organs, sys-
tems and apparatuses is decided by DNA. In other
words the map of the body is written in DNA-text.
Here there is the drawing of the body, it allows and
leads processes of building the body according to
preexisting information.

• The localization of the cells, external influences and
other factors lead the expression of DNA in different
direction: epigenetic processes have been recently re-
considered as fundamental elements in development
and even in evolution. Concrete body history draws
DNA’s map. The location of the cell or the accidents
happening during its life become information as
much DNA’s sequence.
Another not iconographic map is the EEG: each trace

is related to a particular region of the brain and repre-
sents its electric activity.

Medicine (instrumental diagnostics, body imaging).
Besides the nomothetic mapping that illustrates The
Human Body, there are other methods to map a human
body, the body of a sigle specific person, with a diag-
nostic/therapeutic purpose. Modern technologies allow
the realization of images of body using several physical
properties of the body itself. From thermography to
scintigraphy, from x-ray to ultrasound scan. Other
mappings are not as much iconographic and they show
in a not analogical way physiological parameters re-
lated with localization, such as EEG.

In plantoscopy we can obtain instrumentally maps in
which it is possible to observe, for example, the pressure
applied by the soles in the foothold or by other parts of
the body. This allows us to value in a combined way the
morphology of the interested part and the load distribu-
tion, in the single instant or in time (for example in the
performance of a pace in ambulation).

4D digital anatomical atlases. We build a dynamic
image with general and nomothetic value. The repre-
sented body is virtual, but the image is concrete, man-
ageable, usable and even open to further personal
implementations. 4D atlases are an extraordinary tool
for the anatomical knowledge of body.

Alternative medicine
Acupuncture. Assuming the existence of connection

ways between different parts of body, we draw on the
body surface meridians and various reference points ca-
pable of locating the right places where the needles
should be threaded in order to obtain the desired effects.
There are several maps with different origin and config-
uration. The psychosomatic maps are an example. There
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is a wide range of this kind of maps, whose aim is to
give a physical, energetic and psychosomatic picture of
the human being. Among these different types we can
indicate the two main ancient maps: the Taoist and the
Tantric-Yogic maps, which are among the most compli-
cated and careful. In addition there are two important
modern maps: the neuropsychic map and the Reichian
map. We can see several tries of creating a new version
capable of integrating them one another.

Reflexology. Assuming (apart from the scientific valid-
ity) the existence of projective connections of the whole
body with one of its parts, we believe that it is possible
to act indirectly on every structure of the body acting on
the corresponding peripheral region. This conception en-
tails a one-to-one correspondence (from the whole body
to its projection – hand, foot, auricle, etc. - and from the
projection to the whole body). Reflexology uses this kind
of map as a diagnostic and therapeutic instrument.

The Vega test, also known as electrodermal test, has
been developed by the German Reinhold Voll in 1958
and it measures the electromagnetic conductivity of the
body through a galvanometer. The patient who under-
goes the test holds an electrode, while the operator lo-
cates a second electrode on a specific point of the
patient’s hand. The specific point is identified follow-
ing some criteria that are similar to those ones used by
acupuncture. There is a real map of the palm in which
every skin region corresponds to an organ. At the same
time in a particular structure of the machine the oper-
ator locates the allergens. 

Motion capture
Digital technologies allow in cinematography to

transfer the motion (both the macro-motion and the
micro-motion of the face of a real person) to a synthetic
character. This process is realized determining in both
the figures, the real one and the synthetic one, a con-
stellation of points considered significant by the mo-
tion capture technicians for their purpose, that consists
in making the digital figure do the same movements
and assume the same expressions of the real actor. The
virtual figure becomes a sort of avatar whose move-
ments are similar in 4D to those ones of the concrete
actor. The location of some points is chosen following
an anatomical-functional criterion, such as the joints of
the limbs; others are chosen for their importance in ex-
pressiveness, such as some points of the face.

There are many ways for mapping face or whole
body. The reference lines or areas can be projected on
model starting from a virtual screen whose geometry
is different: plane, cylindrical or spherical.

So we have:
Uvp: Planar mapping. The projection is from a flat op-

portunely oriented surface.
Uvc: Cylindrical mapping. The projection is from a

cylinder that wraps the model. Diameter and ori-
entation of the cylinder must be chose according
to model features.

Uvs: Spherical mapping. The wrapping spherical
screen is positioned to contain the model.

No one of these methods is better: if we map the
whole body, instead of the only head, these three meth-
ods have to work together. Each of them might work
for some areas of the body, but not others. Only com-
posing the three methods we gain the best result.

Each of these methods will cause evident stretching
of the projected reticule, distorting the modular pat-
tern. This is more evident around the poles (top and
bottom) and requests changes of projecting method to
get the best coverage for that particular body part. 

Biometric parameters
Biometric parameters are somatic features that are cho-

sen as capable of identifying a person reducing to about
zero the possibility of a false positive or of a false nega-
tive. The feature usually used to this purpose are iris,
face morphology, digital fingerprints and voice. The
recorded feature is elaborated to be transformed in a
map. This map is memorized, classified and compared
by digital methods. In order to decide the identity of the
subject the comparison can be made one-to-one (to dis-
cover if two person coincide or not), or one-to-many (to
discover the identity of a person if belonging to one of a
data base). The effectiveness of these maps is based on
individuating opportune key points. The configuration
of their network presents meaningful patterns that allow
to eliminate most of the risk of error.

Mantics
In mantic arts, aimed at knowing the future, there is

a very scrupulous attention to somatic particulars, ac-
cording to exact maps.

Body maps of mantics are often very detailed. Hand,
iris, or other external parts are read to know the future
of the subject owner of that part. The reading of an inter-
nal part, more frequently of an animal, that was ritually
killed for this purpose, was aimed at knowing the future
development of an important event, as a war or similar.

Many more or less ancient examples of these prac-
tices may be cited.

Cosmic symbology
The cosmic symbology (as physiomantics or physiog-

nomics) in mapped body has very ancient origins. It
has important developments in Middle Age and Ren-
aissance. During these periods body gains cosmic ref-
erences and becomes a projection of the terrestrial and
sidereal world. Stars, constellations, the zodiac, the
four elements (air, water, earth, fire), and also vegeta-
tion, volcanism and many meteorological and geolog-
ical phenomena have been considered corresponding
to different parts of the body.

Just in the Renaissance the direct observation of cra-
nial nerves, twelve pairs, seemed referable to the
twelve zodiacal constellations. Also the microscopic
world finds its correspondences to body, that becomes
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the proportional medium between micro- and macro-
cosmos. Body is the crossing point that gives continuity
to so different dimensional scales. Micro and macro are
linked in body and by body. For this reason body is
named “copula mundi”.

Religion
In different organs and in the whole body Biblic tra-

dition and Hebraic mysticism individuate meanings
that link them to divine and to sacral sphere. Due to
this body becomes a “flesh book”, a further text that
speaks about divine arguments, about present, past
and future, about health and disease and so on. The
main feature of Christ’s body is the fact that it is
wounded according to a particular map: the four ex-
tremities and the centre. These five points draw a cross
and they are “transmitted” to holy men and women by
a miraculous projection. This constitutes the maximum
of similarity between Man and God.

Ars erotica - Scientia sexualis
The ars erotica of classical world looked for and illus-

trated the way of the pleasure of the senses, it guided
in the experience of sex, an experience in which the
body was protagonist and subject. With the coming of
the Modern Age we can observe a reversal of the posi-
tion and of the role of the body from subject to object:
the scientia sexualis examines, names, explains in more
and more medical terms the sexual activity as a physi-
ological function. This process goes on until, in the
passage from the 19th to the 20th century, with the psy-
choanalysis, its roots dig in deepness, under the con-
science and out of will. The libido arises humoring (at
most it is bridled a little by inhibition) the dynamics
of the instincts, the incoercible forces that link us with
natural and animal world. Both ars erotica and scientia
sexualis, and the psychoanalysis too, draw their own
maps, following their own criteria and giving mean-
ings and roles to the different parts of body.

Then we should consider the eros of other civiliza-
tions. If we consider the indian civilization and in par-
ticular the Kamasutra, we can observe that the parts of
the body that should be kissed “conventionally” by the
lovers are the forehead, the hair, the cheeks, the eyes,
the chest, the breasts, the lips, and the inner part of the
mouth. Something different from the map of the eroge-
nous zones of western culture…

“NeURO-MeCHANICS”: A CORe FOR
ReCeNTLY eSTAbLISHeD
ANTHROPOKINeTICS

Human brain is a very complex system (the most
complex system in the Universe) that implements an
enormous set of representations and processes.

Often the contents are organized as maps or as “map-

like” structures (see also mnemonic techniques…) in
which many data are linked one another to constitute
a network of relations. The most studied of these neu-
ronal maps are named homunculus (motorius and sensi-
tivus) and are disposed on brain cortex. Homunculi are
the projection of body that respects somatic disposition
of the different parts, but has not the same proportions,
according to the different density of innervations. More
innervated parts have a magnified projection on cortex.

Cortex and body are each the projection of the other.
This can be considered a properly double sense bio-

logical map.
If we translate the homunculus in an iconographic (3D

representation, maintaining its proportions and local-
izations, we obtain a very curious image of a freak
body. The deformations reflect strong differences of in-
nervations density. The deformations of homunculus sen-
sitivus and homunculus motorius are very similar.
Evidently it isn’t casual: sensory and motor exigencies
are parallel…

Cortical homunculimake us remember the homunculus
alchemicus by Paracelsus or, more properly, the platonic
charioteer.

However an informational biologic system as the
brain needs a projective correlate of the controlled
system, with a warranted correspondence point-to-
point.

Internal body maps: not only homunculi… We must
consider the ability of the mind in structuring imagi-
native maps of the body. They are different from the
neuronal homunculi, even if these two way of self-
mapping influence one another. Homunculi function-
ality contributes to these mental processes and vice
versa. We represent in our thinking the spatially
placed and oriented body, the detail and the order of
its parts, both in static and in dynamic situations. But
properly “organic” functions as thermoregulation or
others are managed thanks to body maps that our
brain builds and continuously adapts. Among the
several tasks of the brain there are the regulation and
the managing of bodily functions. In order to obtain
this goal with effectiveness our brain needs maps rep-
resenting our body, so it can direct the right impulse
to the right target. The brain architecture complies to
correspond to different bodily activities. Between the
specific neuronal circuit and the part linked to it there
is a double sense connection, a two-way feedback
loop. Each circuit centre-periphery and back is not an
isolate or autonomous system: there is a complex in-
tegration that allows to cross information, eliminating
ambiguity and optimizing the activity. This work is
complex and massive in each moment and continuous
in time dimension.

Mental-brain representations (more properly called
“simulation” by Barthoz) of (learned) movements con-
stitute a system that can be considered as a map or
“map-like”. The structure of this map must include so-
matic/anatomical features combined with its kine-



47

ARTICLe

matic/dynamic functionality in the specific related
movements.

The execution of each action requests to be sustained
by a mind/brain representation (simulation) the most
unitary possible. Due to this we can individuate an en-
gineering model that unifies the factors of a complex
mechanical system to compute its functionality.

The study of the human movement is still looking for
its own center that can define its specificity, its epis-
temic identity.

The term “anthropokinetcs” (from the Greek words
anthropos and kinesis) seems to be fully capable of indi-
cating this recently established (in Anglophonic world,
but still not existing in Italy) disciplinary area. This
term is obviously related to “anthroposomatics”, that
indicates the field of the studies related to human body,
building an organic and unitary frame to organize them
in a meta-disciplinary way. The relation between an-
throposomatics and anthropokinetics is due to the fact
that body is hardly considerable without the continu-
ously “acted actions”. Each aspect of body is somehow
linked to action and vice versa.

We aim neither to erase the legitimacy of existing
studies of many different sciences that are referred to
human body and to its actions, nor to create a double
of these studies. Instead, we would like to offer them
an organic frame to organize their contents and their
methods, in order to apply and to communicate them
in the best way.

This line of study has the purpose of understanding
human body and in particular human action thanks to
researches that are capable of integrating biomechani-
cal approach with neuronal one (definable “neuro-me-
chanics”). First of all this approach originates a
dialectic play between these two areas (but many oth-
ers must be involved, as robotics, semiotics, EEC, IIB)
and shows that the Nervous System is a “black box”
that, after motor learning, manages sensory-motor in-
formation as space-time derivatives and integrals. So
the CNS is competent (it owns the necessary acquain-
tance) as an engineer, even if according to a different
formalization, it is based on neuronal sources. Anyway
it solves real time and with efficacy the interaction
problems, managed as input-output patterns.

Here we propose to follow and to empower the re-
cent establishment of the anthropokinetics, a knowl-
edge of human action that can be applied in many
fields: ergonomics, therapy, motor techniques (in
work, in sport, etc.), didactics and so on.

Our considerations can be supported by some reveal-
ing examples,

Granted that:
1.In practice every type of joint on first approximation

allows a bound motion (hinge type kinematic
scheme, with one axis of rotation or more) and so a
rotatory motion.

2.A lot of movements are obtained thanks to the coop-
eration of more joints arranged in line (articular

chain).
3.In the interaction with the external world we use a

lot of linear movements (referred to the free-end of
the moving limb).
According to our opinion the connecting rod-crank

mechanism (typical of mechanical engineering applied
to machines) seems to be the model capable of repre-
senting this type of structure-function.

In addition considering that:
• A lot of actions consist in setting an object or oneself

in motion in order to reach a specific position.
• A lot of other actions require the localization of a

point of the space that will be reached by an acceler-
ated motion.
We can say that the brain in the control of the move-

ment implements this skill through real time compu-
tation processes such as:
i) Conversion step by step of the angles of the joints

in the same articular chain in the trajectory of the
rectilinear motion and vice versa.

ii) Compatibility of the execution with other factors
such as the keeping of the balance, other move-
ments made at the same time, etc.

iii)Derivation. “Problem of the striker”: computation
of the velocity that the ball needs in order to hit the
target, paying attention at the same time to the ac-
celerations that the ball will undergo (due to fric-
tion, gravity force, etc.).

iv)Integration. “Problem of the goalkeeper”: determi-
nation of the velocity and of the position of the ball
in a specific moment starting from the observation
and from the perception of its accelerated motion.

Derivation and integration in mathematical formal-
ization are implemented through first and second order
differential equations that provide the general integral
whose particular solution is obtained solving the
Cauchy problem.

What the connecting rod-crank mechanism is?

The system made up of three parts connected one to
each other by three rotoidal couples and by a prismatic
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couple is the typical example:
The first one is called crank. It is hinged to a fixed

support (driveshaft in mechanics and first joint of the
articular chain in functional anatomy – assuming mo-
tionless the rest of the body –). This first hinge is called
“O point”. The crank rotates around the O point (the
bony segment rotating around the first joint in func-
tional anatomy).

The second is the connecting rod, hinged to the crank
through a second hinge, the crank button, called “M”.
The M extremity rotates since it is located at the ex-
tremity of the crank (it is bounded). The other extrem-
ity of the crank is bounded to a translating part (ex. a
piston inside the cylinder). So its motion is a linear
motion. The point of connection between the piston
and the connecting rod is called foot of the connecting
rod. The connecting rod can be compared to the last
segment of the kinetic chain in the locomotive system.

The piston is the third element and it translates inside
the cylinder. The piston can be compared to the free por-
tion of the limb moving on rectilinear trajectories.

In the creation of a mathematical-dynamic model
some expedients are used in order to make the compu-
tation easier. First of all the connecting rod is replaced
by three concentrated masses located on the foot of the
connecting rod P, on the crank button M and on the
barycenter of the connecting rod G

b
. This device allows:

• (applying the mass conservation) the conservation of
the moments and the computation of the moment of
inertia; 

• the substitution of the connecting rod with two
masses mP and mM (respectively located in the foot
of the connecting rod and in the crank button) and a
factitious moment of inertia called JO. We use the ad-
jective “factitious” because it doesn’t correspond to a
real mass distribution, since it is an algebraical pa-
rameter (it can be negative too and this is impossible
in real moments of inertia).

This expedient allows an easier (but not less valid)
and more elegant study of the problem of the kinetic
energy, that allows us to implement the kinematic
analysis of the mechanism. The study follows some
steps: observing that:
the kinetic energy of the piston is expressed by 

in which 

the kinetic energy of the crank is expressed by 

and that the kinetic energy of the connecting rod is ex-
pressed by 

The last term is the key element of the treatise since the
term , through goniometric-kinematic considera-
tions, can be expressed referring to the opposite angle,
that is the angle of the foot of the connecting rod, ob-
serving that

we obtain

Ordering the found terms we can obtain:

in which the kinetic energy can be considered as the
set of the rotating masses and of the alternate masses.

It is clear that the term due to the rotating masses is
constant when � is constant, while the kinetic energy
is not constant.

The dynamic of the crank can be expressed as a func-
tion of the dynamic of the connecting rod and vice
versa. In this way we can deal with a single problem.

This approach in treating the problem in which
everything is summarized by the main behaviour of the
connecting rod (seen as the junction element between
the rotatory motion of the connecting rod and the trans-
lation motion of the piston, thanks to the introduction
of J

O
), seems to suggest that the neuronal administra-

tion of similar movements in the human body might
use or should use unifying expedients similar to this
one, or at least with an identical function. A parallel
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and separated study would entail an informational
load that is difficult to manage, with little chance of
success.

The observation of the conclusions of the dynamic
analysis of the connecting rod-crank mechanism is
more interesting because the rotating forces are distin-
guished from the alternate forces.

We can have alternate forces of first order and alter-
nate forces of second order.

So for the balance of the engine we have rotating
forces with the rotation frequency of the crank, while
the alternate forces are represented by two parts: the
first one has the rotating frequency of the crank, while
the second one has a rotating frequency that is double.
We assume that, in the balance, we can ignore the re-
sistance torque since it is not oscillating type (so it does
not cause stress) and the inertia torque of the connect-
ing rod usually negligible.

Everything is based on mathematical tools: first and
second order differential equations, respectively veloc-
ity and acceleration, that can be brought back to the
following typologies:

first order differential equations

separable variables

linear

second order differential equations

homogeneous

general homogeneous integral

complete

general integral

It is clear that we have to derive in order to obtain
the velocity and the acceleration from the time equa-
tion, while for the resolution of a second order general
integral (the opposite process), some constants of inte-
gration are introduced. These constants are resolvable
through the conditions shown by the problem of
Cauchy.

It is not necessary that the kinetic energy (or the mus-
cular tension - usually in relation with the kinetic en-
ergy, but not necessarily coinciding with it) is constant
in human movements in which the velocity is constant.
The neuronal computation should pay attention to

these factors and to their reciprocal relations in order
to administrate the action as best it can.

When we talk about computation in general (includ-
ing the neuronal implementation) we should not think
necessarily to the computation mathematically formal-
ized, but we have also to consider the neuronal pro-
cessing of patterns of impulses, that is the same thing
of mathematical computation. The ability in “biologi-
cal” computation is usually developed independently
from mathematical skills, even though they are not
necessarily extraneous from biological learning. Math-
ematical skills can contribute to this process if they
flow together in the architecture of neuronal links, al-
lowing the integration of these two aspects, usually
called “acquaintance” and “knowledge”. Observing
how the acquaintance works is the heart of the matter.
The central nervous system is no more a “black box” (a
system in which only the input-output correlations are
known, but not the nature of the processing) that im-
plements the conversion. This process also happens in
the brain of illiterate people who do not have the
knowledge. As much as to say that the blacksmith “is”
an engineer, meaning that his brain is engineer... We
have to consider the latin etymology of engineering
that gives the possession of the ingenium (intelligence,
ability, capacity,...) to the man, who is capable of solv-
ing effectively his problems.

We hope for the development of a disciplinary area
in the study of human movement in which biomechan-
ics and neurosciences are both involved. These two
disciplines in tandem might be the epistemic core of
this study, but from an epistemological point of view
the abandonment of every form of rigid determinism
seems to be necessary, adopting the approach of the
complexity, of the self-organization, of the emergen-
tism. Some fields such as EEC, IIB, robotic, can be the
source of revealing contributions both in the method
and in the contents. Robotics in particular has the pre-
rogative of offering a field of application with a strong
heuristic valency for human motion, in which, in order
to realize the combination of movement of a synthetic
physical system and of its independent informational
administration, we have to deal with critical problems.

Engineering can offer adequate and effective models
for the study of the execution of human action. The
connecting rod crank mechanism and, generally, the
mathematical-physical approach to moving bodies are
meaningful examples. Writing the “trait-d’union” to
link one another the biomechanical and the neuronal
data means reaching the heart of the matter.

The practical purpose aims at building a knowledge,
about human motion, capable of increasing the quality
and the quantity of the acquaintance in many field of
application such as ergonomics, therapeutic practices,
motor techniques (in work, in sports, etc.), didactic
practices, etc.

When we talk about neural-functionality, we should
see this as as a biological function in which abstract
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thought instances and cultural instances flow together
and vice versa.

The natural location of these researches could be seen
in the motor sciences academic departments.
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INTRODUCTION

The urachus is the remnant of the allantois, which
usually becomes obliterated shortly after birth. [1]
Urachal remnants due to an incomplete obliteration of
different portions of the urachus are rare, but they need
to be treated surgically because of their potential for
infectious complications and malignant degeneration.
Traditionally they are treated by open surgical excision.
[2] Recently there have been several reports of the la-
paroscopic treatment of urachal remnants without any
major complications. [3] We want to describe this case
report because we had an unaspected complication
after laparoscopic excision af a urachal cyst.

CASe RePORT

A 10 years old boy came to the Accident and Emer-
gency Department for an acute abdominal pain twice
in one year. He had not fever or other symptoms. The
blood tests and urine sample were normal. The ultra-
sound scan showed, in the hypogastric region a thick-

ened urachal duct. We discharged the patient with an-
tibiotic and antiinflammatory therapy. After two weeks
we reviewed the patient. The patient was well and we
repeat an ultrasound scan that confirmed the presence
of an urachal cyst. A voiding cystourethrogram showed
no signs of vesico-ureteral reflux and no comunication
between the bladder and the cyst. The patient under-
gone laparoscopic excision of the cyst. Under general
anesthesia the patient was placed in a supine position
and a Foley catheter was inserted and removed at the
end of the surgical procedure. The peritoneal cavity
was accessed using the Hasson open tecnique throught
the umilicus and insufflated using CO2 with intra-ab-
dominal pressures maintained at 12 mmHg. A 30° tel-
escope was used. We inserted under direct vision two
other operative 5 mm ports at the left and the right ab-
dominal wall. We identified the median, laterals um-
bilical ligaments and the cyst. Dissection of median
umbilical ligament began below the urachal cyst with
a laparosocopic hook and continued just above the
bladder dome. We used two ligatures (endoloops) to
secure the end of the median umbilical ligament and
with excised the speciment that was sent for histolog-

Correspondence to: 
Mario Messina 
Division of Paediatric Surgery, Dept of Paediatrics, Obstetrics and Reproductive Medicine.
University of Siena. Policlinico “Le Scotte”.
Viale Bracci 16, 53100 Siena. Italy.
E-mail: mario.messina@unisi.it

URACHAL CYST: AN UNSPECTED COMPLICATION

Angotti R., Giannotti G., Ferrara F., Varetti C., Bindi E., Di Maggio G., Messina M.

Division of  Paediatric Surgery, Dept of  Paediatrics, Obstetrics and Reproductive Medicine
University of Siena, Policlinico “Le Scotte”, Siena, Italy

Abstract. The urachus is the remnant of the allantois, which usually becomes obliterated shortly after birth. Urachal remnants
due to an incomplete obliteration of different portion of the urachus are rare, but they need to be treated surgically because
of their potential for infectious complications and malignant degeneration. We present a case report with an unespected post-
operative complication. M.E., a 10 years old boy, came to the Accident and Emergency Department for an acute abdominal
pain, without other symptoms, twice in one year. The blood tests, urine sample and voiding cystourethrogram were normal.
The ultrasound scan showed a thickened urachal duct. After antibiotic and anti-inflammatory therapy for two weeks, we
performed laparoscopic surgery. In the second postoperative day the patient showed abdominal pain and hematuria. An ul-
trasound scan and a voiding cystourethrogram showed a leak from the dome of bladder. We performed an open surgery to
close the defect on the bladder’s dome. The patient was discharged in 10th postoperative day. Now he is healthy. Clinically
manifest persistent urachal anomalies are rare, but they carry a risk of recurrent infection and subsequent malignant degen-
eration. For these reasons the radical excision of the remnant is suggested. Today, due to the large laparoscopic experience,
all the reports showed that this technique can be used safely, but we have to pay attention to all steps of the procedure. This
case is a paradigmatic situation and it illustrates the importance of a meticulous technique during the excision of urachal
remnant. Indeed even if laparoscopic excision could be safe and effective, it is not free of complication. 

Key words: Rachal remnant, laparoscopic excision, complications.
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ical evaluation. (Figure 1) In the second post-operative
day the patient started to complain increased abdomi-
nal pain and hematuria. The blood examination were
normal and the ultrasound scan showed a lot of free
fluids in the peritoneal cavity. A voiding cystourehro-
gram showed a leak of contrast in the peritoneal cavity
from the dome of the bladder. (Figure 2) At that point
we decided to perform an open surgery. Under general
anesthesia through a Pfannestiel incision we identified
the bladder and we found a 4 cm long defect on the
dome. (Figure 3) We closed the defect with a double
layers sutures and left the vesical catheter. The patient
was discharged 10 days after the second operation
without any voiding problems.

DISCUSSION

Clinically manifest persistent urachal anomalies are
rare, but they carry a risk of recurrent infection and
subsequent malignant degeneration in adulthood (ade-
nocarcinoma, urothelial carcinoma or sarcoma). [3]
These are the reasons why radical excision of the rem-
nant is suggested. In 1993 Trondsen et all (cutting) re-
ported the first laparoscopic excision of a urachal
remnant. [4] Since then there have been several reports
of laparoscopic treatment of various types of urachal
remnants in patients of various ages. [3-5] All the re-
ports showed that the laparoscopic technique can be
used safely and effectively with minimal morbidity.
According to Turial et all. the minimally invasive ap-
proach is superior cosmetically and visually compared
to the traditional lower midline vertical or transverse
mid hypogastric incision. [3] We operated with the
same tecnique other 6 patients without any intraoper-
ative or postoperative complications, but in this case
we opened the bladder during the first operation with-
out realizing it. Cutting et all were the first in Literature
to describe a different position for the ports. [6] They
operated 5 cases. In one case they had a recurrence of
the problem due to inadequate removal of the residual
urachal tissue. Because of that, in the fifth case, they
decided to try a different tecnique, positioning all the
ports in the lateral part of the abdomen. The lateral
view provided by this ports positioning seemed to give
them a better perspective on the full extent of the
urachal remnant and the bladder. We want to underline
another technical point. We removed the urinary
catheter at the end of the procedure, but this seems to
be premature. The urinary catheter could be essential
to protect the sutures or ligatures at the bladder post-
operatively and it helps to increase and decrease the
filling state of the bladder intraoperatively. [4] As a
matter of fact a good visualization of dome of the blad-
der intraoperatively, if necessary even filling it with
methylene blue, is essential to avoid a major compli-
cation as we had.

Figure 1. After dissection of the urachal remnant we secure
the end of the median umbilical ligament with two ligatures
(endoloops).

Figure 2. In the second postoperative day a voiding cys-
tourehrogram showed a leak of contrast in the peritoneal cav-
ity from the dome of the bladder. 

Figure 3. Under general anesthesia through a Pfannestiel in-
cision we identified the bladder and we found a 4 cm long
defect on the dome. 
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CONCLUSION

With the description of this case we want to under-
line the importance of a meticolous technique during
the excision of urachal remnant. The laparoscopic ex-
cision could be safe and effective, but it is not free of
complication. The patient and the parents have to be
awared about every options and every possible com-
plications.
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INTRODUCTION

Thymic enlargement in childhood may be ascribed to
various causes including thymoma, thymolipoma, lym-
phoid follicular hyperplasia and benign thymic hyper-
plasia. This latter disorder is considered rare with few
cases described in the world literature [1]. True thymic
hyperplasia corresponds to a thymic enlargement due to
a generalized increase in number of thymic cells without
alteration of normal architecture and histology [2]. Al-
though rare, true thymic hyperplasia should be consid-
ered in the differential diagnosis with others anterior
mediastinal masses in children and young adolescents.
These lesions infrequently can cause acute respiratory
symptoms that are related to compression of adjacent
structures. In these cases, a surgical management has
been advocated as a definitive therapeutic option. Con-
ventionally, a trans-sternal approach is used for thymec-
tomy since the advent of the minimally invasive surgical
technique, a video-assisted thoracoscopic approach has
been reported in order to obtain a less invasive access
and excellent cosmetic results [3-4]. We report a case of
a patient with a thymic mass, diagnosed occasionally for
presence of respiratory symptoms, who was treated by
video assisted thoracoscopic surgery.

CASe RePORT

A 10 years-old boy presented to our hospital for sev-
eral episodes of dyspnea after physical practice and ret-
rosternal pain with restriction of daily activities from
four months. Physical examination revealed an healthy
boy weighting 40 kg with normal vital signs. Diagnos-
tic imaging was performed including a chest x-ray and
magnetic resonance imaging (MRI), revealing a large
homogeneous left-sided mediastinal mass contiguous
to the anterior mediastinum (Figure 1 A and B). The
additional laboratory analysis, considered essential for
differential diagnosis with myasthenia gravis and lym-
phoma, resulted negative. In view of these findings,
we submitted our patient to a video assisted thora-
coscopy with left-sided approach to facilitate the dis-
section of both thymus and perithymic fatty tissue. 

Surgical technique 
The technique is performed, under general anesthesia,

from the left side with the patient in the 30° right lateral
decubits position under single right lung ventilation.
Three trocars of 5 mm are placed at the fifth intercostal
space of the left anterior axillary line for introduce a 30°
telescope, at the third and seventh intercostal space of
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Abstract. Hyperplasia of thymic gland is a rare benign entity that should be considered in the differential diagnosis of anterior
mediastinal masses in children and young adolescents. We report a case of a patient with a thymic mass, diagnosed occasion-
ally for respiratory symptoms and treated by video-assisted thoracoscopic surgery. A previously healthy 10 years-old boy
presented to our hospital for retrosternal pain and dyspnea with restriction to daily activities from four months. Diagnostic
imaging was performed, including a chest x-ray and a magnetic resonance imaging, showing a large homogeneous antero-
superior mediastinal mass, more extended on the left side. The additional laboratory analysis, considered essential for dif-
ferential diagnosis with myasthenia gravis and lymphoma, resulted negative. In view of these findings, our patient underwent
to video assisted thoracoscopy with left-sided approach for a total resection of thymus and perithymic fat. The patient made
an excellent recovery without postoperative complications and was discharged from the hospital four days later. Histopatho-
logical examination showed a normal thymic architecture like a true thymic hyperplasia. At follow up, chest x-ray was normal
in absence of pleural and parenchimal alterations. Thoracoscopic thymectomy is a safe technique that allows to achieve the
goal of early thymectomy with the advantages of less invasive procedure.

Key words: Anterior mediastinal masses, thymic hyperplasia, video-assisted thoracoscopy.
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CLINICAL CASeS

the midaxillary for instruments. After general explo-
ration, the dissection was begun caudally along the cap-
sule of the thymus gland with progressive exsposure of
the lower pole by using harmonic scalpel. Lateral dis-
section included pericardial tissue preserving the
phrenic nerve and proceeding towards the innominate
vein. We continued to dissect the thymic mass, from the
right parietal pleura and the left perithymic fat, cranially
until the mammarian artery and vein (Figure 3). At the
end resected gland was brought into an endo-bag. After
control of hemostasis, a drainage tube was placed in the
seventh intercostal space. 

ReSULTS

The procedure was well tolerated with a mean oper-
ation time of 90 min and without complication, except
for a minimal controlled bleeding. The oral feeding
was restored on the first postoperative day and the
drainage was removed in the second postoperative day.
The patient made an excellent recovery and was dis-
charged from the hospital four days later, after a nega-
tive radiological control (Figure 4). Histopathological
examination showed thymic tissue of 60 g with a
preservation of normal architecture compatible with a
true thymic hyperplasia (Figure 5). At follow up the
patient was totally asymptomatic during daily activi-
ties with a good cosmetic result. 

DISCUSSION

The thymus is embriologically derived from the third
and fourth pairs of pharyngeal pouches. At birth, it
weights from 10 to 35 g and continues to grow in size
until puberty, when it achieves a maximum weight of
10 to 50 g, then it undergoes to progressive atrophy [5].

The thymus gland increases in size without a known
etiology is defined benign thymic hyperplasia. Histo-
logically, two types of thymic hyperplasia are recog-
nized: the first, “true hyperplasia”, is defined as an
increase in both size and weight of the gland with re-
tention of a normal architecture as in our case; the sec-
ond type, “lymphoid hyperplasia”, is characterized by
the presence of lymphoid follicles with germinal cen-
ters, usually not accompanied by a marked increase in
thymic size [6]. Clinically, thymic hyperplasia can
mimic others important diseases, including thymoma,
lypoma and germ cell tumors. Thymic enlargement is
generally asymptomatic, but when respiratory symp-
toms are present, they may influence the management
[7]. In these cases, most of authors support surgical
management as the best therapeutic option [8-9]. Sev-
eral surgical approaches to thymectomy exist, the tho-
racoscopic one was first reported by Sugarbaker from
Boston and also the Belgium group in 1993 [10-11].
After, it has evolved with several variants including
video-assisted thoracic surgery (VATS) unilateral
thymectomy through three ports, the bilateral thoraco-
scopic approach combined with a cervical incision for
extended thymectomy and more recently endoscopic
robot-assisted thymecthomy. Minimally invasive tech-
niques have become popular due to their low proce-
dural mortality and morbility associated to minimal
surgical trauma with the best cosmetic results. Yim et
al. first proposed a right-sided approach for VATS
thymectomy justifying this for the greater maneuver-
ability of instruments in the wider right pleural cavity
and easier identification of the left innominate vein
using superior vena cava as a landmark [12]. Mineo et
al. advocated a left-sided approach because the dissec-
tion maneuvers are safer for the position of the superior
vena cava out of the surgical field with less risk of ac-
cidental injury [13]. In addition, the resection of
perithymic fatty tissue around the left pericardio-

A B

Figure 1. A and b. MRI study shows a large antero-superior mediatinal mass left-sided (arrows).
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phrenic angle and aortopulmonary window can be per-
formed more readly from the left side. Even if the thy-
mus can be completely removed using a left or right
approach, in our case we chose the left access because
the thymic gland was larger in the left side and to
allow an extended resection of potential ectopic thymic
tissue including the aortopulmonary window. Video-
assisted thoracoscopic thymectomy is a successful tech-
nique in experienced hands and represents an
increasingly popular alternative approach to conven-
tional open techniques because it allows to achieve the
goal of early thymectomy with the advantages of less
invasive procedure. 
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Figure 3. Thoracoscopic isolation of upper thymic pole.

Figure 4. Chest X-ray at post operative control.

Figure 5. Hyperplastic thymic gland with perithymic fat.
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ASSOCIATION BETWEEN DELETION 18Q
AND TERMINAL DUPLICATION 1P IN PATIENT
WITH BILATERAL VESICO-URETERAL REFLUX:
CASE REPORT AND LITERATURE REVISION

Brandigi E., Bulotta A.L., Burgio A.,
Molinaro F., Pavone M., Messina M.

Section of Pediatric Surgery, Department of Pediatrics,
Obstetrics and Reproductive Medicine, University of Siena,
Italy

Introduction
Vesico-ureteral reflux (VUR) is a dynamic event in which is
present a retrograde flow of urine into the upper tracts. VUR
may occur isolated or in association with other congenital ab-
normalities or as part of syndromic entities. 
We present a patient with a bilateral primary VUR, plurisyn-
dromic disease caused by a large deletion of 18q (18q21.3-
qter) and terminal duplication of 1p (1p36.32-p36.33).

Case Report
The patient was 8 years old female with a plurisyndromic
disease including moderate growth retardation, psychomotor

retardation, facial dysmorphism, single umbelical artery, um-
belical hernia, urachal residue, bilateral congenital clubfeet
and renal-urinary disease. 
Chromosomal analysis and Array-CGH revealed two het-
erozigous chromosomal rearrangements: 1p terminal dupli-
cation and de novo 18q terminal deletion.
She referred to our clinic to further evaluation of
hidronephrosis and right hypoplastic kidney which had been
discovered after renal ultrasonography execution.
Voiding cystourethrography (VCUG) demonstrated bilateral
grade IV VUR.
The patient underwent ureterovescical reimplantation after
failure of 3 endoscopic submeatal dextranomer hyaluronic
acid copolymer (Deflux®) injection with VUR resolution.

Discussion
Several studies were undertaken in order to explore genes
involved in VUR. 
There is not reported cases in the literature regarding a cor-
relation between VUR and 18q21.3-qter deletion syndrome
or 1p36.32-p36.33 chromosomal duplication. 
Also this is the first report involving a patient with deletion
of chromosome 18q and contemporary presence of 1p chro-
mosomal terminal duplication. 
It is appropriate others studies to recognized chromosomal
abnormality correlated with VUR.

Key words: Vesico-ureteral reflux; deletion of 18q; duplica-
tion of 1p.

RECTAL DUPLICATION CYST IN PREVIOUS
ANORECTAL MALFORMATION AND DOWN
SYNDROME

Burgio A., Ferrara F., Cerchia E., BrandigiE.,
Angotti R., Molinaro F., Messina M.

University of Siena, Department of Pediatrics, Obstetrics and
Reproductive Medicin, Section of Clinic Pediatric Surgery,
University of Siena, Policlinico “Le Scotte”, Siena, Italy

Introduction
Gastrointestinal (GI) tract duplications are rare congenital
malformations. Most of them occur in the ileum and only 1-
5%, of all duplication, were in the rectum. Different clinical
features including chronic constipation, rectal prolapsed or
polips. We report on a 4-years-old girl with Down syndrome
and anorectal malformation (ARM) who was found to have
a rectal duplication cyst.

Materials and Methods
A 4- years-old female presented with chronic constipation in

our clinic. She has undergone surgery to colostomy and
transanal proctoplasty for imperforate anus at birth. Rectal
and abdomen examination, abdomen X-ray, pelvic ultra-
sound, barium enema and magnetic resonance (MRI) were
very useful to define the presence of the lesion which was lo-
cated posteriorly to the bladder and have raised the suspicion
of a cystic duplication of the rectum.

Results
The cyst was excised completely and histological examina-
tion confirmed a rectal duplication cyst with colonic mucosa.
Complications are not documented and currently the patient
is well.

Conclusions
Rectal duplications are uncommon and often located in the
retro-rectal space. Duplication cyst are even rarer located an-
teriorly to the rectum (only five previous cases reports are
available from the Literature) and more difficult to diagnose
in children with ARM that may have chronic constipation be-
cause of their underlying disease. Early complete excision is
desirable soon after diagnosis to minimize risk for malignant
change, even if asymptomatic. Morbidity associated with com-
plete excision is minimal and the outcome is excellent.

Keywords: Rectal duplication cyst, ano-rectal malformations
(ARM).
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SUSPECTED CHIASMATIC PATHOLOGY
IN PAZIENT AFFECTED BY ATYPICAL SECTOR
RETINITIS PIGMENTOSA: THE IMPORTANCE
OF CLINICAL AND STRUMENTAL VALUES

Natali Anna,1 Massimo Patrizio,2
Denaro Rosario,2 Franceschini Rossella3

1School of Orthotic; 2School of Ophthalmology; 3Department of
Ophthalmology, University of Siena, Italy 

Introduction
Retinitis pigmentosa (RP) is one of the most common hered-
itary retinal dystrophies and causes of visual impairment af-
fecting all age groups. Sector retinitis pigmentosa is an
atypical form of RP that is characterized by regionalized areas
of bone spicule pigmentation, usually in the inferior quad-
rants of the retina. Tipically it presents symmetric and bilat-
eral. Sector RP has a variable symptomatology: night vision
decrease (nictalopia), photophobia, visual field constrinction,
with partial or complete scotoma. However, any pazients may
remain asimpthomatic until adulthood.

Methods
A 40-year-old Caucasian woman, with a suspected diagnosis

of chiasmal disease, is subjected to a series of exams: manual
visual field, Humphrey visual field, elettrorethynography
(PEV-ERG-EOG), opthycal coherence tomography (OCT), re-
tinical fluoroangiography (FAG), chromatic sense tests
(Hishihara and Farnsworth).

Results
With an accurate ophthalmoscopic exam we demonstrated
that the patient had an atypical form of retinitis pigmentosa
(sectorial) and not a chiasmal disease: bone spicule pigmen-
tation was found in the nasal and inferior quadrants in each
eye. We demonstrated also superior temporal visual-field loss
corresponding to the areas of the affected retina. Clinical
measurements of visual-field loss, best-corrected visual acu-
ity, and ophthalmoscopic appearance have remained stable
during the year the patient has been followed.

Discussion
Sector retinitis pigmentosa is an atypical form of RP that is
characterized by bilateral pigmentary retinopathy, usually iso-
lated to the inferior quadrants. The remainder of the retina ap-
pears clinically normal, although studies have found functional
abnormalities in these areas as well. Sector RP is generally con-
sidered a stationary to slowly progressive disease, with sub-
normal electro-retinogram findings and visual-field defects
corresponding to the involved retinal sectors. Management of
RP is very difficult because there are no proven methods of
treatment. For these reasons is very important correlate clinical
exams (ophtalmoscopic) with instrumental exams.

Key words: chiasmatic pathology, retinitis pigmentosa.

NEURODEVELOPMENTAL OUTCOME IN VERY
PRETERM AND TERM INFANTS AT 36 MONTHS
CORRECTED AGE USING THE BAYLEY-III

Gatti M.G., Badii S., Becucci E., Turrisi G.,
Alagna M.G., Buonocore G.

Department of Pediatrics, Obstetrics and Reproduction
Medicine, University of Siena, Italy

background
Advances in perinatal care have led to an increase in survival
of preterm children but have also increased the risk of long-
term sequelae, such as neurodevelopmental impairment and
behavioral or emotional disturbance.

Objective
To investigate neurodevelopmental patterns of preterm in-
fants born at S. Maria alle Scotte Hospital, Siena, Italy.

Methods
65 preterm infants born from April 2006 to February 2008
were enrolled.

Inclusion criteria: gestational age (GA) d”32 weeks.
Exclusion criteria: Major congenital malformations, inborn
errors of metabolism. Neurodevelopmental follow up was
performed at 3 years old, using Bayley scale of Infant and
Toddler Development IIIed that consisted of five scales: Cog-
nitive (CS), Language (LS), Motor (MS), Social-Emotional
(SES) and Adaptive Behavior Scale (ABS).

Results
The 5 Bayley scores of all subject resulted within the range
of normality. IVH was associated with lower motor score
(P<0,001). Babies with ROP showed a lower score in 4 Bay-
ley s items (CS: ≤0,01; LS: ≤0,05; MS: ≤0,01; SES: ≤0,05).
Multiple regression analysis confirmed as predictors of neu-
rological outcome: GA for cognitive (p=0,016), language
(p=0,004) and social-emotional development (p<0,0001),
IVH for motor (p<0,0001) and adaptive behavior develop-
ment (p<0,0001), and twinship for language (p=0,001) and
social-emotional development (p=0,003). BPD had a negative
effect on cognitive development (P=0,049) while PDA on so-
cial-emotional development (p=0,023).

Conclusions
Several well recognized factors has been identified as predic-
tors of poor neurological outcome. Among these factors, BPD
and IVH were the best predictors being associated with
lower scores at Bayley scales. Surprisingly, twinship ap-
peared to be a protective factor.
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SOME PROPERTIES OF TRINUCLEOTIDES

AND TETRANUCLEOTIDES

Pirillo Giuseppe

Consiglio Nazionale delle Ricerche IASI CNR, Unità di
Firenze Dipartimento di Matematica “U. Dini” Università di
Firenze, Italy; Université de Marne-la-Vallée, France

Abstract
In 1994, with a statistical study of trinucleotide occurences
per frame, D. Arquès and C. Michel identified the fol lowing
set of 20 trin- ucleotides in the gene population of both eu-
caryotes E U K and procaryotes P RO: {AAC , AAT , AC C ,
AT C , AT T , C AG, C T C , C T G, GAA, GAC , GAG, GAT ,
GC C , GGC , GGT , GT A, GT C , GT T , T AC , T T C }. This

set of words of length three on the genetic alphabet A
4

= {A,
C, G, T } has remarkable properties: it is a self-complemen-
tary set, it is a circular code, it is maximal and it has the C3-
property. This and other identifications of trin- ucleotide
circular codes in different genomes in the last twenty years
raised interest in the concept of trinucleotide circular code for
genetics. In 2003 we found an efficient algorithm for testing
the circularity of a trinucleotide code and in 2005 we found
the list of al l 528 maximal self-complementary circular
codes. In 2008 we presented a hierarchy of the self-comple-
mentary circular codes and in 2012 we presented a hierarchy
of al l circular codes. These circu- lar codes could permit the
identification, either in paral lel with or substituting existing
methods used by biologist, of as yet unknown coding regions
of DNA. A hierarchy of tetranucleotide circular codes is one
of our aims in the future. In this paper we begin the study of
the unbordered tetranucleotides and of the “forbidden con-
figurations” for tetranucleotides and we give a first result.

Keywords: Genetic alphabet, genetic code, circular code,
trinucleotides, tetranucleotides.



INTRODUzIONe

La correzione chirurgica della miopia è in continua
evoluzione per cercare di correggere in toto il difetto
refrattivo. Questa prevede tre possibili vie, che sono:
la chirurgia refrattiva corneale, la fachectomia e l’impianto di
lenti intraoculari fachiche. La scelta di ciascuna tecnica
chirurgica dipende da una serie di fattori legati soprat-
tutto all’età del paziente, al difetto refrattivo, allo spes-
sore corneale, alle dimensioni oculari, alle eventuali
patologie oftalmiche ed alle condizioni cliniche del
paziente. Per i pazienti con una miopia elevata l’utilizzo
di tecniche quali la cheratectomia foto refrattiva e la
LASIK (Laser in situ keratomileusis) presentano delle
limitazioni quando vengono usate per correggere gli
errori refrattivi elevati. Per questo l’uso delle lenti in-
traoculari fachiche è indicato per i pazienti miopi ele-
vati che non presentando una visione con occhiali
ottimale e non sopportando lenti a contatto non pos-
sono essere sottoposti a chirurgia refrattiva corneale. 

Le lenti fachiche intraoculari possono essere classifi-
cate, a seconda del loro sito di impianto all’interno
dell’occhio, in IOL: da camera anteriore o da camera
posteriore. Le lenti da camera anteriore possono essere

a loro volta suddivise in base al metodo di fissazione
alle strutture oculari: a supporto angolare o a fissazione
iridea. Le lenti da camera posteriore vengono posizion-
ate posteriormente all’iride ma anteriormente al
cristallino, hanno un risultato estetico migliore in
quanto la lente non risulta visibile dall’esterno ma pos-
sono dare delle complicanze quali: cataratta traumatica,
glaucoma per blocco pupillare, ovalizzazioni iridee e
lesioni a livello zonulare fino alla loro lussazione in
camera vitrea. Per quanto riguarda le lenti da camera
anteriore, sia da fissazione iridea che a supporto ango-
lare, presentano una procedura chirurgica meno com-
plessa per l’impianto ma anch’esse presentano delle
complicanze quali: ovalizzazioni pupillari, perdita cel-
lulare endoteliale e glaucoma. I risultati visivi con l’u-
tilizzo di queste lenti ha permesso la correzione di
miopie moderate-elevate che in precedenza non era
possibile trattare chirurgicamente con ottimi risul-
tati.[1] Abbiamo effettuato uno studio, presso la Clin-
ica Oculistica dell’Università di Siena, su 18 occhi di
12 pazienti di cui 2 uomini e 10 donne utilizzando la
lente intraoculare fachica a supporto angolare
monopezzo AcrySof Cachet. Attualmente il follow–up
dello studio è di 18 mesi.
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OPTICAL AND FUNCTIONAL PERFORMANCE OF PHAKIC ANGLE-SUPPORTED INTRAOCULAR

LENS FOR THE CORRECTION OF HIGH MYOPIA IN 18-MONTHS FOLLOW-UP STUDY

Tarantello A., Martone G., Bizzarri B., Caporossi A.

Dipartimento di Scienze Odontostomatologiche ed Oftalmologiche, U.O.C. di Oculistica
Università degli Studi di Siena, Italy

Abstract. To investigate the safety, the efficacy and stability of the AcrySof phakic angle-supported intraocular lens (IOL)
(Alcon Laboratories, Inc., Fort Worth, TX) for correction of moderate-to-high myopia in adults. 12 patients (18 eyes) with
moderate-to-high myopia underwent implantation of the AcrySof phakic angle-supported IOL. Best spectacle-corrected visual
acuity (BSCVA), uncorrected distance visual acuity (UCVA), predictability and stability of mean manifest refraction spherical
equivalent (MRSE), adverse events, endothelial cell density, corneal and total ocular aberrations and rotation of the IOL were
measured. The mean follow-up was 18 months (± 4 months). At 18 months, the mean UDVA was 0.83 and the mean BSCVA
was 0.97. The mean MRSE was -0.29 D. The mean percentage change in central endothelial cell density 18 months after sur-
gery was -3.4%. No adverse events were observed. Wavefront measurements revealed a significant reduction in terms of high
order aberrations between pre-operative and post-operative 18 months values. The analysis of the rotation showed a little
variation (mean rotation of 5.4°) between postoperative 1 month and postoperative 18 months visits. The AcrySof phakic
angle-supported IOL yielded excellent refractive correction and predictability with optimal safety. The study demonstrates
preliminary support for an high stability of the IOL at 18 months follow-up.

Key words: Phakic IOL, myopia, refractive surgery.
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MATeRIALI e MeTODI

E’ stato effettuato uno studio  presso la Clinica oculis-
tica dell’Università degli Studi di Siena prevede
l’impianto della lente fachica da camera anteriore a
supporto angolare monopezzo AcrySof™ Cachet iniet-
tabile. Il materiale della lente è acrilico idrofobico, noto
da tempo per l’utilizzo nelle lenti da cataratta e di cui
si conosce bene la biocompatibilità con l’occhio umano.
Tale materiale presenta un indice refrattivo di 1.55, che
permette alla lente di essere molto sottile e di essere
iniettata quindi attraverso una incisione di 2.6 mm. 

Il range di correzione diottrica è compreso tra -6 e -
16.5 diottrie con un incremento di 0.5 D, ma non può,
al momento, correggere l’astigmatismo. La lente ha una
lunghezza totale che va da 12.5 mm a 14 mm in step da
0.5 mm. 

La IOL è costituita da un corpo ottico di 6 mm di di-
ametro, 2 ponti con un “indicatore” della direzione di
impianto e 4 piccoli piedini/aptiche molto pieghevoli.
(Figura 1).

I criteri di inclusione dello studio sono stati che il
paziente appartenga alla fascia di età in cui sia ancora
conservata la capacità accomodativa (inferiore a 45
anni) e comunque superiore ai 21 anni. L’acuità visiva
corretta maggiore di 5/10 ed un equivalente sferico
miopico tra -6 e -16.50 diottrie (intervallo dei poteri
disponibili della lente intraoculare). 

Inoltre la refrazione deve mantenersi stabile per al-
meno un anno.

Esistono poi dei criteri di esclusione oggettivi
(anatomo-clinici) che sono:
- Profondità della camera anteriore, incluso lo spessore

corneale, inferiore a 3,2 mm;
- Irregolare o anomala anatomia del segmento e della

camera anteriore;
- Patologie del segmento anteriore (glaucoma, processi

infiammatori, cataratta);
- Diametro pupillare mesopico superiore a 7 mm;
- Astigmatismo superiore a due diottrie;
- Densità cellulare endoteliale dipendente dall’età;
- Precedenti chirurgie corneali o intraoculari.

Inoltre sono stati esclusi i pazienti ipercritici, con as-
pettative non realistiche, non disposti a farsi seguire
frequentemente nel postoperatorio o che praticano at-
tività a rischio di traumi (sport, hobby, altro).

Tutti i pazienti hanno sottoscritto, prima di sottoporsi
all’intervento di impianto di pIOL, un apposito con-
senso informato.

Inoltre il paziente è stato sottoposto a tutti i seguenti
esami strumentali preoperatori per rendere l’impianto
della lente intraoculare estremamente sicuro:
- Valutazione del diametro pupillare in condizioni

mesopiche e fotopiche attraverso topografo Topcon
(CSO, Italia);

- Analisi della conta endoteliale corneale centrale e
periferica con coefficiente di variazione cellulare at-

traverso microscopio endoteliale (CSO, Italia);
- Analisi topografica corneale per valutare l’astigma-

tismo e programmare l’incisione corneale nel merid-
iano più curvo attraverso topografo Topcon (CSO,
Italia);

- Valutazione delle aberrazioni totali a 5 e 6 mm mis-
urate in midriasi con lente a contatto tramite aber-
rometro Zywave (B&L, USA);

- Misurazione della lunghezza assiale totale, della
pachimetria corneale e della profondità e morfome-
tria della camera anteriore misurati mediante IOL
master (Zeiss, Germania) e ACOCT Visante (Zeiss,
Germania). E’ stata valutata la distanza bianco-bianco
(WTW), la distanza angolo-angolo, in particolare a
livello dell’asse in cui è stato progettato di inserire la
lente intraoculare, la distanza epitelio corneale-cap-
sula anteriore del cristalllino, e l’entità dell’angolo
irido-corneale.
Dopo aver calcolato il diametro della camera anteri-

ore, la refrazione e la cheratometria manuale, i dati ot-
tenuti, oltre ai dati anagrafici del paziente, vengono
inseriti in un foglio elettronico dedicato disponibile nel
sito della casa produttrice www.acrysofcachetcalcula-
tor.com. Il chirurgo può anche scegliere l’eventuale
residuo refrattivo.

Il software calcola il potere ed il sizing della lente da
impiantare utilizzando la formula di Van der Heijde [2]
e in seguito modificata da Holladay [3].

Figura 1. Lente fachica acrilica idrofoba a supporto angolare
AcrySof™ Cachet.
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RISULTATI

Nel nostro studio è stata impiantata la lente intraoc-
ulare fachica a supporto angolare AcrySof Cachet in 18
occhi di 12 pazienti, di cui 2 maschi  e 10 femmine.
L’età media dei nostri pazienti era di 36.2 anni con un
difetto refrattivo medio sferico-equivalente pari a -15.1
diottrie. Il follow-up medio è stato di 18 ±4 mesi.

Tutti i pazienti sono stati esaminati nei vari controlli
previsti dal follow-up postoperatorio. 

L’acuità visiva media preoperatoria non corretta era
inferiore a 1/10, mentre quella corretta era di 7/10. Il
difetto refrattivo medio era di -14,5 (±2) diottrie. 

Rispetto al visus preoperatorio tutti i pazienti hanno
presentato un miglioramento raggiungendo un visus
naturale di 8/10 e corretto di 10/10.

Ad un anno dall’impianto, la migliore acuità visiva
media non corretta è stata di 0.83 e quella corretta di
0.97 con un equivalente sferico medio di -0.29 D.

I risultati medi dei valori topografici corneali di k1 e
k2 non hanno mostrato una variazione dell’astigma-
tismo tra il preoperatorio e i controlli postoperatori a 1,
3, 6, 12 e 18 mesi. Questo grazie alla possibilità di in-
serire la lente attraverso una microincisione di 2.6 mm. 

I valori delle aberrazioni oculari totali misurati con
aberrometro Zywave hanno dimostrato che, dopo
l’impianto della lente AcrySof Cachet, vi è una
riduzione di tutte le aberrazioni di alto ordine (HO) e
una lieve positivizzazione dell’aberrazione sferica
(Z4,0). (Figura 2).

La densità endoteliale centrale media preoperatoria
era di 2882 (±259) cell/mm2.

La conta endoteliale media centrale post-operatoria
dopo 18 mesi è pari a 2775 cell/mm2 valore che risulta

essere pari ad una perdita endoteliale del 3,4%.
Questa, ad eccezione di un calo iniziale, legato all’in-
tervento chirurgico, tende a stabilizzarsi nel tempo.
(Figura 3).

L’analisi preoperatoria della morfometria della camera
anteriore, misurata con OCT Visante, ha mostrato una
profondità di 3.9 mm (incluso lo spessore corneale) e
una distanza media angolo-angolo di 11.65 mm.

Nel postoperatorio la profondità della camera anteri-
ore non presentava variazioni.

Per quanto riguarda le distanze fra IOL ed endotelio
camerulare e IOL e capsula anteriore del cristallino
erano rispettivamente 2.25 mm e 1.04 mm a 18 mesi di
follow-up. Anche queste misure risultavano invariate
nel corso dei controlli. (Figura 4).

I valori di rotazione postoperatoria della lente in-
traoculare AcrySof Cachet hanno dimostrato stabilità
di quest’ultima in camera anteriore. Infatti ad un anno
dall’intervento il nostro studio ha dimostrato soltanto
una rotazione media di 5,4° tra il controllo postopera-
torio ad un mese e quello ad un anno.

Ad un anno di follow-up non sono state riscontrate
complicanze. Tutti i pazienti impiantati non hanno
mostrato, fino ad oggi, eventi avversi di alcun tipo non
necessitando quindi di alcun intervento secondario. È
stato evidenziato soltanto nei primi casi un modesto
ipertono nelle prime ore successive all’intervento
gestito, comunque senza problemi, con terapia locale.

Nella nostra esperienza non si sono visti casi di: oval-
izzazione pupillare, edema maculare cistoide, edema
corneale stromale, endoftalmiti, dislocazione della
lente intraoculare, blocco pupillare e soprattutto non è
stato effettuato nessun reintervento o riposizionamento
della lente.

Figura 2. I valori aberrometrici di HO e Z4,0 pre e postintervento. Si evidenzia una riduzione delle aberrazioni totali di alto
ordine.
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DISCUSSIONe

Le lenti fachiche sono un’ottima opzione al tratta-
mento della miopia moderata–elevata e possono fornire
una qualità ottica anche superiore alla chirurgia refrat-
tiva corneale. Le procedure intraoculari oltre al-
l’impianto di lenti fachiche prevedono la possibilità
della lensectomia. Questa tecnica prevede la rimozione

chirurgica del cristallino tramite la facoemulsificazione
e la sua sostituzione con una lente artificiale con una
gradazione tale da poter correggere il precedente vizio
refrattivo. Purtroppo con questa tecnica si perde la ca-
pacità accomodativa propria della lente oculare. Le pro-
cedure refrattive intraoculari offrono maggiori
vantaggi, come: maggior range di difetti visivi tratta-
bili, più veloce recupero visivo, refrazione più stabile

Figura 3. Densità endoteliale media preoperatoria e postoperatoria a 1 mese, 3 mesi, 6 mesi e 12 mesi di follow-up.

Figura 4. Analisi morfometrica della camera anteriore con misura della distanza fra endotelio corneale e cristallino (profondità
camera anteriore), distanza endotelio corneale e IOL e distanza IOL e cristallino.



64

JOURNAL OF THe SIeNA ACADeMY OF SCIeNCeS, PUbLISHeD SINCe 1761 - VOL. 4 - 2012

e una miglior qualità visiva.[4,5] I rischi e i benefici
dell’impianto di lenti intraoculari fachiche in appro-
priati pazienti può portare ad esiti più favorevoli di
altre tecniche chirurgiche refrattive. La lente può essere
rimossa chirurgicamente, e ciò permette a questa tec-
nica di risultare potenzialmente reversibile. Il recupero
visivo è veloce e l’accomodazione è preservata.
L’impianto di queste lenti utilizza tecniche chirurgiche
familiari alla maggior parte dei chirurghi di cataratta e
non richiede attrezzature costose specialistiche, come il
laser ad eccimeri o il microcheratomo.

Rispetto alle altre lenti fachiche a supporto angolare,
la AcrySof Cachet ha dimostrato possedere delle carat-
teristiche uniche che le hanno permesso di superare
molti ostacoli e molte complicanze.

Prima di tutto il materiale di cui è composta la lente,
acrilico idrofobico, noto per la sua ottima biocompati-
bilità, le permette di essere estremamente sottile grazie
ad un elevato indice refrattivo (1.55). Ciò le permette
di non occupare grandi spazi in camera anteriore e di
non creare danni alle strutture ivi presenti. Inoltre,
sempre grazie al materiale acrilico, la lente risulta così
morbida e pieghevole che può essere impiantata, grazie
al curtridge “P”, con una incisione di 2.6 mm, quindi
con una quasi totale assenza di astigmatismo indotto
ed un più rapido recupero funzionale.

Le aptiche sono state disegnate per permettere una
compressione sull’angolo camerulare tale da dare sta-
bilità alla lente intraoculare senza però causare un’ec-
cessiva forza che potrebbe provocare danni al tessuto
angolare o creare un’ovalizzazione pupillare.[6]

Un’altra caratteristica innovativa e unica della
AcrySof™ Cachet è senz’altro la sua forma. Questa le per-
mette, una volta impiantata, di disporsi a ponte in camera
anteriore, senza la necessità di praticare una iridotomia
perché grazie alla sua flessibilità non crea glaucoma da
blocco pupillare. Il disco ottico della lente è stato diseg-
nato per garantire una distanza ottimale tra l’endotelio
corneale anteriormente e il cristallino posteriormente in
modo da non danneggiare gli elementi della camera pos-
teriore. Inoltre le aptiche morbide e pieghevoli si vanno
ad adagiare adattandosi alla struttura angolare senza
causare traumi all’angolo camerulare.

La prevedibilità dei risultati utilizzando la lente
fachica intraoculare AcrySof™ Cachet è ottima. Infatti
nel nostro studio ad un anno dall’impianto, la migliore
acuità visiva media non corretta è stata di 0,83 e quella
corretta di 0.97 con un equivalente sferico medio di -
0.29. Una prevedibilità simile è stata riportata in studi
che hanno mostrato minimi residui refrattivi
postchirurgici, inferiori di ±0.50 nel 78.9% dei casi e
di ±1.00 nel 91.3% dal traguardo refrattivo fissato
prima dell’intervento.[7] Questi risultati sono simili
alle altre lenti intraoculari sia a supporto angolare, che
a fissazione iridea (71.7% e 94.7% all’interno del renge
di risultato rispettivamente di ±0.50 e di ±1.00) che da
camera posteriore (67.5% e 88.2% rispettivamente al-
l’interno del renge di ±0.50 e ±1.00 di risultato).[8,9]

È stato effettuato anche un protocollo mondiale di
studio sulla lente AcrySof Cachet i cui risultati hanno
mostrato che più del 55% dei pazienti hanno guadag-
nato una linea o più di acuità visiva rispetto al preop-
eratorio sia con un follow-up a 4 anni che ad 1 anno.
Anche l’acuità visiva sia corretta che non corretta
risulta essere notevolmente migliorata.[10]

Un parametro che è sempre bene controllare e studi-
are nel tempo, quando impiantiamo queste lenti in-
traoculari, è senz’altro la densità cellulare endoteliale.
I risultati dopo un anno di follow-up del nostro studio
hanno dimostrato una perdita cellulare del 3.4%;
nonostante questo dato sia rassicurante merita co-
munque una continua valutazione nel tempo. Inoltre è
più corretto studiarlo separando la perdita acuta, che
include il post operatorio fino a sei mesi, e quella cron-
ica, dopo i sei mesi. In acuto si è visto che questa lente
causa una perdita del 3.3% di cellule endoteliali.
Questa perdita è giustificata sia dall’intervento chirur-
gico, sia da rialzi pressori postoperatori precoci e tran-
sitori, che possono arrivare a picchi di 30 mmHg. Per
quanto riguarda invece il periodo successivo si è visto
che l’endotelio tende a stabilizzarsi ed infatti si è rile-
vata una perdita endoteliale media del 0.21%. Questo
dato si avvicina alla perdita cellulare fisiologica in
occhi non impiantati. Le cause legate alle diminuzione
della densità cellulare endoteliale corneale non sono
tuttora chiare. Fattori potenzialmente importanti pos-
sono essere: possibili spike pressori, rotazione della
lente intraoculare legati ad un non corretto sizing e
sfregamento oculare.[10]

Per concludere la correzione della miopia moderata-
elevata attraverso l’impianto della lente fachica rimane
un metodo preferibile rispetto a chirurgie alternative.
LASIK e PRK per l'alta miopia sono meno prevedibili
e stabili rispetto alla chirurgia cheratorefrattiva per i
gradi più elevati di miopia. Inoltre sia la LASIK che la
PRK possono indurre aberrazioni di ordine superiore
che fanno diminuire la qualità della visione. L'ectasia
post-LASIK e l'haze post-PRK sono inoltre rischi sig-
nificativi per i trattamenti con elevate diottrie del laser. 

Per tutti questi motivi, la chirurgia per l'impianto di
lenti fachiche è risultata una tecnica efficace per la cor-
rezione dell'errore refrattivo in pazienti che altrimenti
non sarebbero candidati idonei per interventi di chirur-
gia refrattiva corneale a causa dell'elevata miopia.

La ricerca futura dovrebbe essere diretta verso studi
prospettivi e retrospettivi sull'efficacia a lungo termine
(>10 anni) e sulle complicazioni di questa IOL fachica,
sugli studi di rappresentazione per valutare il sizing e
la misura anatomica prima della chirurgia così da val-
utare i risultati nel postoperatorio.
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