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InTrODUCTIOn

Perinatal medicine has grown very fast in the last
two decades, introducing a number of technologies
useful for monitoring maternal and fetal health, thus it
has been renamed as Maternal-Fetal Medicine. The
present review aims to follow up some of the most up-
date topics: prenatal diagnosis, fetal circulation, fetal
anemia, fetal growth and cervical insufficiency.

PrenATAl SCreenInG AnD DIAGnOSIS

Traditionally, screening for genetic conditions has fo-
cused on the most common chromosome abnormali-
ties, which are Trisomy 21, Trisomy 13 and Trisomy 1
[1]. Indeed, these 3 conditions combined account for
71% of all chromosome anomalies. In addition, screen-
ing for certain single gene disorders (such as Tha-
lassemia or sickle cell disease) can be offered
depending on ethnicity. Women identified as having
increased risk of an affected fetus based on family his-

tory or screening test result can then be offered inva-
sive prenatal diagnosis. Advances in genomics has rap-
idly revolutionized both the field of prenatal screening
and diagnosis. 

Genomics and prenatal screening for fetal aneuploidies 
Over the 1980s and 1990s, several markers of Down

syndrome (detectable in maternal serum or at ultra-
sonography during the second trimester) were intro-
duced to improve the detection rate of the most common
trisomies[2]. Combining such markers allows the detec-
tion of up to 90% of trisomy 21 fetuses [2,3] however at
the expense of a false positive rates of at least 5%, with
rates increasing proportionately to maternal age.

During the 1990s, the impetus was on the identifica-
tion of serum and sonographic markers in the first
trimester, under the premise that early prenatal screen-
ing allows earlier prenatal diagnosis. Several large tri-
als confirmed the ability of first trimester serum
markers (e.g. Pregnancy-Associated plasma protein-A,
or PAPP-A, and hCG), used in combination with 1st
trimester sonographic markers (typically nuchal
translucency) or with second trimester serum markers
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The combination of new biophysical and biochemical markers is enriching Maternal-Fetal Medicine and more research will
allow to improve pregnancy outcome.
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in a sequential fashion, to detect close to 85% of preg-
nancies affected by fetal Down syndrome. 

The discovery that fragments of cell-free (cf) fetal
DNA are present in the maternal circulation has
opened the door to genomics-based prenatal screening
[4]. cf-Fetal DNA fragments are smaller than cf-mater-
nal DNA fragments, they account for about 10% of total
cf-DNA in maternal blood, they are present from as
early as 32 days after conception until delivery (being
rapidly cleared from maternal circulation at delivery),
and can be identified with a variety of methods (such
as allele specific methods or methylation-specific
methods). The entire fetal genome is present in frag-
ments in the maternal plasma; the chromosome of ori-
gin can be identified via sequencing of as little as 36
nucleotides. The total number of cf-fetal DNA frag-
ments of any one chromosome is proportional to the
size of that chromosome and it is consistent from sam-
ple to sample, and from patient to patient. The frag-
ments belonging to a specific chromosome can be
quantified, e.g. using massively parallel sequencing,
and the ratio of sequence reads mapping to a specific
chromosome (e.g. chromosome 21) in a patient plasma
can be compared with the expected values (e.g. from
known independent samples). Identification of an ex-
cess amount of cf-DNA fragments from chromosome 21
compared with the expected increases the likelihood
of fetal trisomy 21. Similar calculations can be made
for fragments from chromosome 18 and 13; fetal sex
chromosome aneuploidies can also be identified with
a high degree of accuracy based on DNA fragments
from the sex chromosomes. 

The main benefits of the cf-DNA test are in the very
high detection rate and negligible false positive rates,
thus resulting in reduced exposure to invasive prenatal
procedures with associated risks. Table 1 displays the
accuracy of cf-DNA testing according to the published
data from prospective cohort studies on singleton preg-
nancies [5-7]. The test is typically performed after 10
weeks to allow reliable presence of cf-fetal DNA in the
sample. Leading societies, including the International
Society of Prenatal Diagnosis (ISPD), American Col-

lege of Obstetrics and Gynecology (ACOG), Society of
maternal Fetal Medicine (SMFM), and the National
Society of Genetic Counselors (NSGC) currently rec-
ommend that the test be offered only to women with
high risk pregnancies. Studies are being published and
are underway in low risk populations. The challenge
is currently to translate this technology into practice
that is accessible to all pregnant women, in an ethical
way that preserves informed parental choice, while not
increasing overall costs to the health care systems. 

Positive results at cf-DNA testing still require inva-
sive testing because the positive predictive value
changes with the prevalence of the condition. On the
positive side, early and accurate diagnosis of trisomy
21 opens the door for prenatal treatment of the condi-
tion [8,9].Other advantages of the new cf-DNA test in-
clude its independence from gestational age at
screening and not being affected by maternal condi-
tions, such as diabetes or smoking. Moreover the test
shows a definite and advantageous cost-benefit ratio
in high risk women. However, the amount of cf-DNA
is affected by maternal obesity, apparently due to the
large amount of cf-DNA originated by the adipose tis-
sue. Other limitations of the test include the lack of
oversight of the validity of the test. All the companies
providing cf-DNA testing are commercial, thus under
strong competitive pressure to expand indications be-
fore data on accuracy are available. For example, the
original data on the accuracy of the test were derived
from singleton pregnancies (Table 1). Recently twin
gestations have been added with claims of high accu-
racy, however no data have been published. 

cf-DNA testing for the most common aneuploidies
opens the door to more in depth sequencing of cf-fetal
DNA in maternal blood, with potential for broader de-
tection of genetic abnormalities. Non-invasive fetal
whole genome sequencing has already been reported
in a recent proof-of-concept study [10]. Whole genome
deep sequencing has opened the door to detection of
microdeletions and microduplications with sizes rang-
ing from 3Mb-40Mb [11], allowing detection of DiGe-
orge syndrome (22q11), Cri-du-chat syndrome (5p),

Table 1. Performance of cell-free DNA tests (using massively parallel sequencing) from prospective studies.

Test # patients enrolled Ineligible samples* Detection rate Specificity

Palomaki et al., 2011 1683 7.3% 98.6% 99.8%
(96.4-99.6) (99.5-99.9)

Bianchi et al., 2012 2882 8.2% 100% 100%
(95.9-100) (99.1-100)

Norton et al., 2012 3569 7.8% 100% 99.9%
(94.6-100) (98.8-100)

*Including samples without adequate amount of cell-free fetal DNA and failed quality control.
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Angelman syndrome & Prader-Willis syndrome (15q),
1p36 deletion syndrome (1p), as well as of other tri-
somies, e.g. Trisomy 22. For this enhanced sequencing,
sensitivities of 94% (95% CI 71-99%) and false posi-
tive rate of 1% (95% CI 1-5%) have been described.
Companies providing targeted cf-DNA testing for tri-
somy 13, 18 and 21 cannot obviously perform deep se-
quencing for genome segments outside of such
chromosomes. If non-invasive determination of the en-
tire fetal genome becomes clinically available, there
will be a significant number of ethical issues to be ad-
dressed as well as counseling challenges.

Genomics and prenatal screening for
single gene disorders

Historically screening for single gene disorders has
been offered based on maternal ethnicity. In addition
family history of unexplained mental retardation, de-
velopmental disabilities or autism is an indication for
offering testing for Fragile X. Consanguinity is also
known to increase the risk for single gene disorders,
though no testing could be offered until recently in the
absence of affected individuals. 

Universal screening for over 100 single gene condi-
tions is now available at limited cost, and can be done
by saliva or blood sample from both parents. It has
been shown that about 24% of individuals tested are
found to be carriers for one of the tested conditions,
with <1% of couples being carriers of the same condi-
tion [12]. The most common carrier frequencies for sin-
gle-gene disorders include spinal muscular atrophy,
familial Mediterranean fever, cystic fibrosis, GJB2 con-
nexin gene mutation (the most common nonsyndromic
cause of congenital deafness), Smith LemliOpitz syn-
drome, sickle cell and thalassemia anemias, Tay Sachs
and Gaucher disease. Detection of carrier status for the
same condition in both parents allows planning future
childbearing or accessing prenatal diagnostic tests dur-
ing pregnancy.

Prenatal diagnosis in the age of genomics
Fetal cells obtained at chorionic villus sampling or

amniocentesis can be used for karyotyping via tradi-
tional cytogenetic testing. Genomics now allows the
use of chromosomal microarrays (e.g. based on Com-
parative Genomic Hybridization, CGH, or Single Nu-
cleotide Polymorphisms), which can test for
microdeletions and microduplications in addition to
aneuploidies. The resolution of microarrays depends
on the size of the backbone used: for example, in CGH,
although the technology has the potential for resolu-
tion below 1 kb, in practice the backbone used are
>100 kb in size. In comparison, high-resolution kary-
otypes allow a resolution of 2000-3000 kb (at the 800-
1000 band stage).

A large study has evaluated the accuracy of CGH
compared with karyotyping in prenatal diagnosis [13].
Samples were obtained from chorionic villus sampling

or amniocentesis in 4406 women with standard indi-
cations for prenatal diagnosis. Microarray was success-
ful in 98.8% of fetal samples, and in 87.9% without
tissue culture necessary. Microdeletions and microdu-
plications were classified as benign, pathogenic, or of
uncertain clinical significance. The study showed that
all aneuploidies detected at traditional karyotyping
were also detected at CGH, with the exception of bal-
anced chromosome translocations, inversions and
triploidy. However CGH was able to detect microdele-
tions or microduplications of pathogenic or potential
for clinical significance in 2.5% of the cases with nor-
mal karyotype (among samples drawn in the absence
of ultrasonographic fetal anomalies the rate was 1.6%).

Advantages of microarrays include the higher reso-
lution, the avoidance of culturing amniocytes and
chorionic villi in the majority of cases, the lack of need
for dividing cells (making the technique appealing in
cases of fetal death), and automation (allowing better
quality control and faster turnaround times). The main
disadvantages of CGH are the inability to detect bal-
anced translocations, inversions or triploidy. Cost is
also an issue at present, as the detection of de novo mi-
crodeletions and microduplications is of unknown
clinical significance. The latter issue is being addressed
by the establishment of large databases of both healthy
and affected individuals, with post-natal follow-up
(indeed, databases derived from post-natal populations
cannot be extrapolated to fetal populations). Currently,
microarrays are recommended in the presence of: 1) fe-
tuses with structural anomalies and normal karyotype
(approximately 5%-10% of them will be found to have
microdeletions or microduplications of clinical signif-
icance); in stillbirth: a large study has found that use
of CGH compared with traditional karyotyping signif-
icantly increases the yield (87% vs 70%, p<0.01) and
the detection of aneuploidy or pathogenic genomic im-
balances (8% vs 6%, p<0.01), independently from the
presence of anomalies [14]. It is expected that microar-
rays will soon replace traditional karyotyping (few
karyotyped cells per sample will still be required in
addition to CGH to detect triploidies and balanced
translocations). Because of the ability to detect a variety
of microdeletions and microduplications, some with a
range of clinical presentation, microarrays can be a
counseling challenge. 

FeTAl CIrCUlATIOn

Fetal circulation was first described by William Har-
vey in 1628 and later attempts to study cardiovascular
function in living fetuses were first reported by Cohn-
stein and Zuntz in 1884 that measured umbilical arte-
rial pressure in exposed lamb fetuses. Traditionally
fetal circulation was studied in sheep and goats follow-
ing fetal delivery, but with continuing placental circu-
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lation, obtaining some of the most important data on
fetal physiology and fetal circulation [15,16]. Later
Dawes and his coworkers, using animal preparation
with catheterizations of maternal and fetal vessels,
were able to estimate the proportion of blood distrib-
uted through the vascular shunts of the foramen ovale
and ductus arterious. A major advantage of the use of
electronic flow meters for recording flows was a con-
tinuous observation over a period of hours [17]. In all
these studies regarding fetal blood flow, the major lim-
itations were due to the exteriorization of the fetus and
the surgical manipulation, which prevented studying
the circulation of the undisturbed fetus in utero. 

In an effort to study the fetus in its intrauterine envi-
ronment, Rudolph et al. introduced a sheep model
chronically instrumented that allowed to study fetal cir-
culation a few days after recovering from surgery by in-
jection of nuclide-labeled microspheres, as an indicator
to measure fractional distribution of blood flow to vari-
ous organs [18]. The advent of non-invasive, ultrasonog-
raphy techniques in the late 1970s, opened the exciting
possibility of studying fetal circulation also in humans.
First of all, Fitzgerald and Drumm combined two ultra-
sound techniques, real time imaging and pulsed
Doppler system, to develop a safe, non-invasive, tran-
scutaneous method of observing the circulation in the
umbilical arteries and vein of a human fetus [19]. 

Clinical use
The science of ultrasound has exploded since the

1980s and obstetrics changed forever. Two are the ap-
plications of Doppler in the study of human fetal cir-
culation.
1. Quantitative evaluation of fetal blood flow volume

by Doppler velocimetry utilized the calculation of cir-
culating volume measurements in the target organ by
measuring vessel diameters and by detecting the ab-
solute velocity in fetal vessels [20]. Velocity and vol-
ume measurements were performed in large vessels
such as descending aorta, pulmonary artery, the um-
bilical vein or the intracardiac chambers. Since the
quantitative doppler measurements of blood flow
were affected by several errors, the main utility of
Doppler velocimetry has shifted to the analysis of
blood flow shape. 

2. Qualitative assessment of blood flow in the human
fetus is based on three indices derived from the
qualitative analysis of Doppler flow velocity wave-
forms: pulsatility index (PI), A/B ratio, and resist-
ance index (RI), which are the most commonly used
parameters. These indices detected in the umbilical
artery are considered indicators of placental vascular
resistance [21]. From a technological point of view,
the introduction of Color Doppler following that,
which converts Doppler sounds into colors and thus
produces a picture of blood flow, has allowed easier
detection of abnormal flow patterns and determina-
tion of the sampling point.

Doppler applications in pregnancy are expanding ex-
ponentially and Doppler flow velocity waveforms in-
dices provide important information from maternal,
placental and fetal circulation with clinical implica-
tions both for the mother and the fetus. Placental de-
velopment can be documented by assessing uterine
and umbilical arteries. Uterine arteries flow velocity
shows the maternal vascular effects of the invading pla-
centa and reflects downstream placental vascular re-
sistance, strongly correlated with intrauterine growth
restriction and the multisystem effects of placental de-
ficiency. Abnormalities are progressive, with reduc-
tion, loss, and finally a reversal of diastolic flow [22].

Umbilical artery flow velocity waveforms provide an
estimate of villous vascular occlusion in the fetal com-
partment of the placenta. The studies of both these ves-
sels, uterine and umbilical arteries are useful for the
prediction of hypertensive maternal disorders, placen-
tal dysfunction and fetal growth failure. When umbil-
ical arteries become abnormal, the differentiation of
fetal status requires Doppler information from systemic
vessels.

Middle cerebral artery changes begin when the re-
distribution of cardiac output happens and reflects in-
creasing placental resistance, demonstrating ‘brain
sparing’ when cerebrovascular dilation occurs. Middle
cerebral artery Doppler is important not only in study-
ing fetal responses to abnormal oxygenation but also
to detect fetal anemia [23].

With the progression of a compromised intrauterine
growth, precordial venous Doppler of fetal cardiac
function changes as the oxygenation status declines.
Because of this, the ductusvenosus Doppler has be-
come useful today in the management of conditions
that put the fetus at risk for cardiovascular deteriora-
tion. Doppler venous information, combined with
modified biophysical profile, is used to determine the
need for and timing of delivery. Besides fetal growth
restriction, venous Doppler gives information of car-
diac effects of other conditions such as twin-twin trans-
fusion syndrome and fetal arrhythmia [24].

FeTAl AneMIA

Fetal anemia is defined as a hemoglobin value below
two standard deviations from the mean. Fetal anemia
is categorized as mild, moderate and severe. Severe
anemia may cause hydrops and fetal demise [25].

red cell alloimmunization
Red cell alloimmunization remains one of the most

common causes of fetal anemia in the world. The in-
troduction of Rh(D)immune globulin in 1968 has al-
most eliminated fetal anemia due to Rh
alloimmunization in North America. However, red cell
alloimmunization due to other antigens (Kell, Kidd,
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Duffy, etc.) is still a problem, and it will continue to be
present until a new policy for blood transfusion is de-
veloped. In fact, in the United States and many other
areas of the world today, blood transfused is cross
matched only for the ABO system and the Rh antigen.
Prophylaxis is not available to prevent these cases. The
fetal RhD antigen status can be determined by cordo-
centesis, DNA-based Rh typing using amniotic fluid,
or chorionic villus sampling or by using fetal cell free
DNA in maternal plasma [26].

Infection
There are several infections that may cause fetal ane-

mia and hydrops. The most common cause in these
cases is represented by Parvovirus B19 infection
[27].The mechanism of fetal anemia in cases of par-
vovirus infection is secondary to the fetal erythroid
progenitor cells infection with shortened half-life of
erythrocytes, causing anemia, high output cardiac fail-
ure, and non-immune hydropsfetalis (NIHF). Syphilis,
toxoplasmosis, coxackie virus, herpes simplex virus,
rubella and CMV have been implicated as rare causes
of fetal anemia and hydrops. The reason for fetal ane-
mia in these conditions is less clear. 

Twin gestations (TAPS)
Fetal anemia can occur in monochorionic twin ges-

tations complicated by twin anemia-polycythemia se-
quence (TAPS) [28]. The diagnosis of TAPS has been
reported using the MCA-PSV >1.5 Mom in the donor
twin and MCA-PSV <0.8 MoM in the recipient twin.
Fetal transfusion has been reported successfully in
these cases. 

Diagnosis of Fetal anemia
The diagnosis of fetal anemia includes invasive and

non-invasive methods.

Invasive methods
The diagnosis of fetal anemia is achieved indirectly

by amniocentesis (for many cases of red cell alloimmu-
nization that cause hemolysis) with the bilirubin levels
measured in the amniotic fluid or directly by cordocen-
tesis for all cases of fetal anemia. The risk of cordocen-
tesis is reported to be 1% [29].

noninvasive methods
The blood velocity is increased in the severely ane-

mic fetus due to a lower blood viscosity and to a higher
cardiac output found in anemic fetuses [25]. Doppler
ultrasonography of the middle cerebral artery peak sys-
tolic velocity (MCA PSV) is the parameter of choice to
detect fetal anemia, because it is easy to get an angle of
zero degrees between the ultrasound beam and the di-
rection of blood flow at the MCA. 

The MCA PSV 1.5 MoM is used to differentiate be-
tween anemic and non-anemic fetuses (Figure 1). The
sensitivity of a single value of MCA-PSV in fetuses at

risk for anemia is 100% (CI: 0.86-1.0) with a false pos-
itive rate of 12%. However, the use of the MCA-PSV
trend decreases the false positive rate to less that 5%.
The MCA-PSV can be used to accurately predict anemia
in all cases of fetal anemia [30,31]. It has been reported

Figure 1. Middle cerebral artery peak systolic velocity mul-
tiples of the median with advancing gestation.  A MCA-PSV
1.5 MoM is the cut-off used to differentiate between anemic
cases (value above 1.5 MoM) and non-anemic cases. From
Mari G et al. N Engl J Med 2000; 342:9-14.

Figure 2. Steps for the correct assessment of the middle cere-
bral artery peak systolic velocity. From Mari G, et al. J Ultra-
sound Med 2005; 24:425-30.
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that the MCA-PSV is the best test to determine if a fetus
is anemic because it has a higher sensitivity, specificity,
positive and negative predictive value than the delta
OD450 [32]. The steps for correct measurement of the
MCA-PSV are reported in Figure 2[33]. Retrospective
studies has suggested that the MCA-PSV could be used
even in previously transfused fetuses [34].

Prevention
red cell alloimmunization

Anti-D immune globulin prophylaxis, properly
given, prevents >99% of cases of Rh(D) alloimmuniza-
tion if given both antepartum and postpartum. It
should be given to all Rh(D) negative women with a
negative antibody screen at 28 weeks, and if the
neonate is Rh(D) positive, within 72 hours after birth.
The optimal dose to administer, however, is unknown.
Anti-D immunoglobulin prophylaxis is 300 mcg (1
mcg =5 IU) at 28 weeks, as well as after delivery if the
neonate is Rh(D) positive. In the United Kingdom a
100 mcg dose administered at 28 and 34 weeks is also
used. Anti-D immune globulin 300 micrograms pro-
tects against 30 mL of fetal whole blood or 15 mL of
fetal red blood cells in the maternal circulation. In spe-
cial circumstances (abdominal trauma, abruption, man-
ual extraction of the placenta, etc.) a Kleihauer-Betke
(KB) test should be done to determine the number of
fetal cells that has entered the maternal circulation, and
hence the appropriate dose of anti-D immune. 

Currently, there is no prophylactic immune globulin
to prevent Kell alloimmunization/other red cell anti-
gens.

FeTAl GrOWTH 

Obstetrics depends on gestational age (GA) and fetal
weight (FW). Accurate ultrasound examination per-
formed before 20 weeks of gestation enables true GA
to be estimated. On the other hand, estimation of FW
(EFW) using standard biometric parameters, usually
related to geometric dimensions of the fetal head, ab-
domen and long bones of extremities, is still problem-
atical [35]. Monitoring of fetal growth is fundamental
in modern perinatology, because it is strictly related to
fetal/neonatal wellbeing [36-39].

In the last 30 years, methods have been developed to
improve EFW accuracy, most based on formulae de-
rived by regression analysis, or on physical models.
Artificial neural networks (ANNs) and volumetric
methods based on three-dimensional (3D) ultrasonog-
raphy were also recently proposed [40,41]. Although
attempts to reduce statistical sample errors and lack of
generalization power by selecting the most accurate
and representative models have been made, a percent-
age mean absolute error (MAE) less than 7–8% of the
true BW has never been achieved in current clinical

practice, with 25% (or more) of estimates having an ab-
solute error (AE) over 10%.

Clinicians distinguish these two critical intervals of
weight from an intermediate one, that typically ranges
from 2,500 to 4,000 g. Almost all models for EFW ex-
hibit a worsening of accuracy in critical weight classes
(below 2,500 g and above 4,000 g) where lower/higher
weights are usually over/under-estimated [42,43]. Most
mathematical models are derived from statistical regres-
sions and account nonlinearly for ultrasound measure-
ments by fitting experimental data. They are therefore
most accurate for intermediate weights, where experi-
mental data has higher density, and produce increasing
biases going from median to lower or higher FWs where
data density progressively decreases. 

The use of mathematical models specialized for spe-
cific FW and/or GA ranges can therefore be dangerous
and not significantly better than those applicable to the
entire fetal population. All other efforts to decrease AE%
by introducing correction factors in the algorithms and
new information, such as amniotic fluid volume, num-
ber of fetuses and maternal pathologies, or non-routine
echobiometric parameters, have failed to bring effective
improvements. Specifically, three-dimensional (3D) ul-
trasound enables volumetric parameters such as fetal
thigh, upper arm and abdomen to be measured for EFW.
Although preliminary studies seems to indicate im-
provements, doubts remain about the utility of 3D for a
substantial improvement in the accuracy of EFW [44].
Moreover, 3D ultrasound systems are expensive, not as
widespread as 2D systems, and unfamiliar for operators
doing routine fetal biometry. 

Today, about ten models are considered to give the
best, not significantly different performances and none
give a MAE% below 7-8%.

The Fetal Weight Index (FWI) [45], a new informa-
tive probability model to improve fetal weight estima-
tion accuracy (Figure 3), gives to operators:
a) the most reliable fetal weight estimation, reached

evaluating simultaneously all fetal biometry param-
eters (biparietal diameter - BPD, head circumference
- HC, abdominal circumference - AC, femur length
- FL);

b) the most reliable weight related to each biometric
parameter;

c) the probability of accuracy of each parameter in re-
spect to others, expressed in percentage.

On the base of the estimated weight obtained by in-
troducing in the system the fetal biometric measure-
ments detected by operators, FWI gives the percentage
of accuracy (correctness) of the estimation itself and, at
the same time, gives the percentage of accuracy of each
biometric parameter detected, thus allowing the re-
evaluation and the possible correction of data that seem
less congruent with the estimation.

In clinical practice, independently from which for-
mula is used, several intrinsic human and instrumental
errors in the measurement procedure affect the accuracy
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of the fetal weight estimation, so that a mean absolute
percentage error less than 7-8% has never been
achieved with the 25% (or more) of estimates having a
mean absolute percentage error even greater than 10%.
Unfortunately, this error is still too high to consider the
method fully reliable for clinical decision-making.
Moreover, the error arises when the estimation is fo-
calized on the prenatal identification of macrosomic or
intrauterine growth restricted fetuses; in fact, in these
conditions, the estimation error easily exceeds 10-15%.
Using the FWI it is possible to highlight when the es-
timate obtained has a low percentage of accuracy. The
reason can be related to 3 different situations: a partic-
ular biological condition of that specific fetus (biolog-
ical variability), a wrong biometry detection (human
error), or both. In particular, the percentage of accuracy
of each fetal biometric parameter measured gives real
time information about its congruity with the others:
low percentages of accuracy means that the fetus could
be wrongly measured or, correctly measured, but bio-
logically different from others. In conclusion, all the
information obtained by FWI allow a rational interac-
tion between operator and software, reducing human

error and enhancing fetal weight estimation accuracy.

CerVICAl InSUFFICIenCy

The term “cervical insufficiency” was used to de-
scribe a disorder in which painless cervical dilation led
to recurrent second trimester pregnancy losses/births
of otherwise normal pregnancies. As this necessitates
a poor pregnancy outcome before making the diagno-
sis, and as we have modern ways to instead detect this
condition, better modern means of making the diagno-
sis should be used, based on recent evidence. 

Diagnosis
The diagnosis of cervical insufficiency is preferably

made by a combination of historic factors and trans-
vaginal ultrasound (TVU) measurement of cervical
length (CL). 
– TVU cervical length <25 mm and/or advanced cer-

vical changes on physical examination before 24
weeks of gestation in women with either:
• One or more prior pregnancy losses or preterm

births at 14 to 36 weeks, and/or 

Figure 3. Fetal weight Index, Graphic user-interface of interactive software for fetal echobiometry control and correction.
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• Other significant risk factors for cervical insuffi-
ciency.

Risk factors for cervical insufficiency can be acquired
or congenital; acquired factors are more common. Ac-
quired factors are obstetric trauma (e.g. cervical lacera-
tion); mechanical dilation (e.g. dilation and curettage
[D&C], dilation and evacuation [D&E], pregnancy ter-
mination, hysteroscopy); and even reatment of cervical
intraepithelial neoplasia. Congenital factors are colla-
gen abnormalities (e.g., Ehlers-Danlos syndrome); uter-
ine anomalies; Diethylstilbestrol (DES) exposure; and
biologic variation.

Using historic factors alone, cervical insufficiency is
defined as painless cervical dilatation leading to recur-
rent second trimester pregnancy losses/births. This def-
inition precludes diagnosis of cervical insufficiency
until at least two pregnancy losses/births before 28
weeks of gestation have occurred.

The diagnosis of cervical insufficiency is usually lim-
ited to singleton gestations because the pathogenesis of
delivery at 14 to 28 weeks in multiple gestations is usu-
ally unrelated to a weakened cervix. In addition,
preterm labor, infection, abruptio placenta, and bleeding
placenta previa should be excluded. The diagnosis of
cervical insufficiency cannot be made or excluded out-
side of pregnancy. Evaluation of cervical function with
dilators, balloons, or hysteroscopy is not helpful. Ultra-
sound, magnetic resonance imaging, or hysterosalpin-
gography may reveal a uterine anomaly, which is a risk
factor for cervical insufficiency, but is not diagnostic. 

Management
History-indicated cerclage

History-indicated cerclage at 12 to 14 weeks is indi-
cated for women who meet all of the following criteria
[47]:
– Two or more consecutive prior second trimester

pregnancy losses or three or more early (<34 weeks)
preterm births. 

We also treat these women with 17-alpha-hydrox-
yprogesterone caproate weekly from 16 to 36 weeks of
gestation [47].

Ultrasound-indicated cerclage 
In the vast majority of women with prior PTB, we

usually initiate TVU cervical length screening at
16weeks, and at the same gestational age start to ad-
minister 17-alpha-hydroxyprogesterone caproate pro-
phylaxis. We perform a cerclage only if cervical length
decreases to <25 mm before 24 weeks [48]. 

In randomized trials, progesterone prophylaxis with
17 alpha hydroxy-progesterone caproate starting at 16
to 20 weeks in women with a history of spontaneous
preterm birth and continuing until 36 weeks reduced
the risk of recurrent preterm birth [47]. Placement of
cerclage upon identification of a short cervix (“ultra-
sound-indicated cerclage”) is effective in reducing
preterm birth [49], results in pregnancy outcomes com-

parable to those with history-indicated cerclage [48],
and avoids cerclage in about 60 percent of patients
with a suggestive history [50]. 

In a meta-analysis of randomized trials of women
with singleton gestation and prior spontaneous
preterm birth and short cervical length <25 mm before
24 weeks, treatment with ultrasound-indicated cer-
clage significantly lowered total neonatal morbidity
and mortality (15.6 versus 24.8 percent without cer-
clage; RR 0.64, 95% CI 0.45-0.91), presumably be-
cause cerclage significantly reduced the frequency of
preterm birth (delivery <35 weeks RR 0.70, 95% CI
0.55-0.89; 28.4 percent versus 41.3 percent in women
without cerclage) [49]. 

In another meta-analysis of randomized trials of
women with singleton gestations and prior preterm
birth managed either by (1) cervical length screening
with cerclage for short cervical length or (2) history-in-
dicated cerclage, patients with ultrasound-indicated
versus history-indicated cerclage had similar rates of
preterm birth before 37 weeks (31 versus 32 percent, RR
0.97, 95% CI 0.73-1.29), preterm birth before 34 weeks
(17 versus 23 percent, RR 0.76, 95% CI 0.48-1.20), and
perinatal mortality (5 versus 3 percent, RR 1.77, 95% CI
0.58-5.35), and only 42 percent developed a short cer-
vical length and received cerclage [50]. 

Usually, cervical length screening initiates at 16
weeks, but may screen as early as 12 weeks in women
with early second trimester losses, recurrent second
trimester losses, or prior large cold knife conization
[51]. In women with prior preterm birth at 28 to 36
weeks, we initiate screening at 16 weeks. Ultrasound
examination is generally repeated every two weeks
until 24 weeks as long as the cervical length is ≥30 mm,
and increased to weekly if cervical length is 25 to 29
mm, with the expectation that preterm cervical changes
will precede overt preterm labor or membrane rupture
symptoms by three to six weeks [52]. Transvaginal ul-
trasound screening is usually discontinued at 24 weeks
of gestation, as cerclage is not usually performed after
this time. 

Intramuscular progesterone supplementation contin-
ues until 36 weeks, whether or not a cerclage is placed.
One post-hoc analysis of data from a randomized trial
observed that the rate of early preterm birth trended
lower in women who received both 17-alpha-hydrox-
yprogesterone caproate and ultrasound-indicated cer-
clage than in those who received either therapy alone
(preterm birth <28 weeks: both interventions: 9 per-
cent versus cerclage alone: 17 percent and progesterone
alone: 15 percent; preterm birth <32 weeks: both inter-
ventions: 17 percent versus cerclage alone: 25 and prog-
esterone alone: 21 percent) [53].

Physical exam-indicated cerclage
Rarely, a woman presents before 24 weeks with min-

imal or no symptoms and physical examination reveals
a dilated cervix. Placement of a physical exam-indi-
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cated cerclage when a dilated cervix and visible mem-
branes are detected on digital examination at <24
weeks is associated with prolongation of pregnancy
and improved pregnancy outcome compared to expec-
tant management in a small randomized trial, and ret-
rospective cohort studies [54,55]. 

COnClUSIOnS

The development of Maternal-Fetal Medicine is con-
tributing to an incredible improvement of maternal
well-being and of neonatal health. Even though there
is an increasing trend in the number of pregnancy at
risk, the development of maternal-fetal technologies is
contributing to a good outcome.

The combination of new biophysical and biochemical
markers is enriching this area of medicine, in which one
patient (fetus) is not able to answer to any question.
Therefore, it is mandatory to do more research investi-
gating resources in order to take care of the maternal-
fetal unit and to allow good outcome of pregnancy.
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THe MATernO-FeTAl
IMMUnOTOlerAnCe

Retention of the embryo within the maternal repro-
ductive tissues (viparity) has many evolutionary ad-
vantages but implies the coexistence of the
semi-allogeneic foetus with the mother for the duration
of pregnancy. The zygote, the first cell of the new indi-
vidual is in fact formed by the union of the male
(sperm) and the female (ovum) gametes and is there-
fore contains DNA derived from both parents (Figure
1). This might cause a complex conflict between the
mother’s own genes and those of the paternal ones rep-
resenting a great risk for the embryo which could be
rejected and thus not reach complete maturation [1].

It was Sir Peter Medawar in the far 1953 [2] in his
lecture at the conference of the Society for Experimen-
tal Biology, which was held in Oxford back in 1953,
that first brought to  attention of scientists some im-
munological problems raised with the evolution of Vi-
viparity. He defined, the relationship between the
pregnant mother and her antigenically foreign fetus as
an immunological paradox [3]. Despite the antigenic
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Abstract. Since Medawar (1953), much attention has been given to the immunological paradox of the survival and growth
of the semi-allogeneic fetus in the maternal uterus. Numerous studies, mainly on the human placenta, have established  fun-
damental mechanisms of this phenomenon; however, many aspects are still unclear and the complex process has yet to be
completely defined. One of the accepted principles is that the secretion and action of mediators, i.e. cytokines, at the materno-
fetal interface have a central role. Focusing on the cytokine Interleukin-1 (IL-1) the review highlights the importance of a
physiological approach based on evolutionary studies in animals using similar or different reproductive strategies. Data on
IL-1 in viviparity and oviparity, two reproductive strategies in which female reproductive tissues have to deal with paternal-
derived antigens on sperm, fertilized eggs, and embryo, will be presented and discussed in the light of materno-fetal im-
muntolerance. Ovuliparity, a reproductive modality in which the eggs are released from the female reproductive tract and
fertilization and embryonic development take place in the external environment will also be extensively reported as a negative
control in the studies on materno-fetal immunotolerance. 
The evidence shown reveals that non-mammalian vertebrates with different reproductive strategies represent a good model
to understand biological mechanisms allowing fetal acceptance and growth in the maternal tissues. 

Key words: pain, sex.

Figure 1. The zygote, the first cell of a new individual, is
formed by the union of a paternal sperm and  a maternal egg.
The fetus is semi-allogenic to the mother.
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dissimilarities between mother and foetus, the concep-
tus is in fact not rejected. The fetus grows undisturbed
in the mother’s womb until its complete development.

Viviparity is not a unique characteristic of mammals
but is also present in many species of other vertebrate
groups (reptiles, amphibians, fishes) (Table 1). Al-
though the acquisition of this reproductive strategy has
the advantage to protect the fetus from the external en-
vironment, the viviparous species have to develop  im-
munological mechanisms to prevent rejection of the
semi-allogeneic embryo by the mother [4]. 

THe PlACenTA IS An IMMUnOlOGICAlly
ACTIVe SITe

Viviparity may involve the formation of a placenta, a

structure formed by the apposition of fetal extra-em-
bryonic membranes and maternal tissues [5]. It is at
the level of the placenta, and fetal membranes, that tis-
sues contact between the fetal graft and the maternal
host is made [6]. The placenta is therefore the truly
materno-fetal interface, the organ in which immuno-
logical mechanisms have to develop to prevent rejec-
tion of the embryo by the mother.

Different types of placenta can be distinguished de-
pending on the relationship between fetal membranes
and maternal tissues (Figure 2). In the epithelio-cho-
rial type, fetal membranes are only juxtapposed to the
uterine lining with no invasiveness. This type of pla-
centa is present in some species of mammals including
pigs, horses, cows and sheep [7]. It is also present in
some species of squamate reptiles and elasmobranch
fishes [8-10]. In other species of mammals, fetal mem-
branes can penetrate the uterus up to the endothelium

Table 1. Viviparity in vertebrates.

MAMMALS Marsupials, Eutherians

BIRDS --------

REPTILES Numerous families of squamate reptiles

AMPHIBIANS Urodels

FISHES Elamobranchs

Figure 2. Types of placenta present in mammalian and non-mammalian vertebrates. 
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of maternal vessels (endothelio-chorial placenta) or to
the maternal blood (hemo-chorial placenta) [11-12].
The most invasive hemo-chorial type of placenta is
present in humans, primates and rodents. In this type
of placenta, the chorion destroys the vasal endothe-
lium and is in direct contact with the maternal blood.
While this type of placenta is the most advantageous
in terms of the transfer of nutrients from the mother to
the fetus, it is at higher risk of immunological attack
because of the direct contact of fetal chorion with the
maternal immune cells. For obvious reasons, the
human hemo-chorial placenta is the most studied.
Much knowledge on this type of placenta has also
been obtained studying in mice, the animal species
most used in the laboratories.

IMMUne FeATUreS AT THe HUMAn
MATernO-FeTAl InTerFACe

Besides having defined the relationship between the
pregnant mother and her antigenically foreign fetus as
an immunological paradox, Medawar offered some
possible solutions to the problem. He proposed that:
“The reasons why the foetus does not habitually provoke an im-
munological reaction from his mother may be classified under
three headings: (a) the anatomical separation of foetus from
mother; (b) the antigenic immaturity of the foetus; and (c) the
immunological indolence or inertness of the mother”.

Although evidence obtained in the fifty years follow-
ing Medawar’s postulates revealed that none of his
postulates provide a complete explanation, Medawar
is considered as the founding father of the Reproduc-
tive Immunology, the science that deals with the im-
munological mechanisms that allow fetal survival and
growth in the maternal uterus. Medawar’s postulates
provided in fact the framework for scientific research
on this topic from the 50s to the present day [2]. 

The placenta as an anatomical barrier 
The human placenta is divided into functional units

called cotyledons. Within the cotyledon, the chorionic
villi, form trees with numerous branches and sub-
branches terminating in villous blunt-endings. These
villi, named “floating villi” directly contact the mater-
nal blood that flows in the relatively open intervillous
space where they are embedded (Figure 3). A layer of
trophoblast cells forms the interface between the ma-
ternal blood and fetal tissues. This interface consisting
of a syncytium of multinucleated and differentiated tro-
phoblast cells (syncytiotrophoblast) forms the placen-
tal barrier between maternal and fetal circulation. In
the first trimester, there is also a layer of proliferative
mononuclear trophoblast cells (cytotrophoblast) be-
neath the syncytiotrophoblasts [13]. 

The placental barrier separates the maternal from the
fetal circulation preventing maternal cell traffic into the

fetus. However in human pregnancy, the constant
turnover of villous trophoblast results in extrusion of
apoptotic material into the maternal circulation. This
material is commonly referred to as “fetal”, but is actu-
ally derived from the placenta [14]. Furthermore, in a
minority of villi (anchoring villi) trophoblast cells
overcome the epithelial layer and form cell columns
that fix the villi to the maternal tissue. Then these cells
move deeper into the maternal tissues up to the spiral
arteries (Figure 3). 

Therefore, in spite of the anatomical separation of
fetal and maternal circulation, there are, in the
placenta, intimate contact surfaces between trophoblast
and maternal immune cells. These are  a) the villous
trophoblast that is in direct contact with maternal
blood in the intervillous space; b) the extra-villous tro-
phoblast that is in contact with maternal immune cells
both in the tissue and in the maternal blood. 

The immunological mechanisms put in place either
on one side or the other of the materno-fetal interface
will be reported in the following paragraphs starting
from the postulates of Medawar.

Trophoblast antigenicity
Medawar hypothesized that the trophoblast could

not endure the rejection by the mother because of its
immunological immaturity. Studies have shown that
that human trophoblast is characterized by the lack of
the highly polymorphic classical MHC class II and
class I antigens, human leukocyte antigen (HLA)-A
and HLA-B [15].  It however expresses a combination

Figure 3. A schematic illustration of human placenta with
cotyledons. In the right panel is illustrated differentiation in
floating villi and anchoring villi. Cytotrophoblast cells (CT)
within the placental villi serve as progenitors of all the dif-
ferentiated trophoblast cell populations including the syncy-
tiotrophoblast (ST) of the floating villi and the extravillous
trophoblast (EVT) of the anchoring villi. The ST provide the
physical barrier preventing maternal cell traffic into the fetus.
The EVT of the anchoring villi migrate into the stroma of the
decidua up to the spiral arteries thus coming in contact with
maternal cells both in the tissue and in the blood.
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of classical HLA-C and non classical HLA-G and HLA-
E thus displaying a highly unusual surface antigen
repertoire [16]. Since non-classical MHC class I
molecules exhibit extremely limited polymorphisms
they do not elicit a prominent immune response [17].
Moreover, even though the specific roles of HLA-G and
-E are not fully defined,  their unusual properties seem
to contribute to a toleragenic rather than an
immunogenic phenotype during early pregnancy by
downregulating maternal allogeneic responses locally
in the uterus [16, 18, 19].

These evidences clearly indicate that despite
exhibiting reduced antigenicity fetal trophoblast does
not hide its diversity. It reveals itself but showing its
features less aggressive. 

Maternal immunocompetence 
Unlike Medawar’s postulates that evoked the

mother’s immunological inertness as a cause of non-
rejection of the fetus, the mother is not immune-
suppressed during pregnancy, a condition that could
indeed be harmful to her health, making it more
susceptible to disease. The mother recognizes and
reacts to the semi-allogeneic fetus “the foreigner”. Her
response is beneficial thanks to a unique population of
immune cells in the decidua. 

Already in the secretory phase of the cycle and to a
greater extent after the implantation of the blastocyst,
the uterus is increasing the number of a population of
NK cells. These cells differ from the peripheral NK cells
in genotype, phenotype and functionality, and are
therefore characterized as uterine NK (uNK) cells. uNK
cells display the potential capacity to interact with the
fetal counterpart as they express receptors for non-
classical MHC class I molecules HLA-E and HLA-G
expressed by trophoblast [20-22]. T regulatory (Treg)
cells also abandon in the decidua in early pregnancy
[23-25]. Treg deficiency is associated with early
spontaneous abortion in animal models [26, 27] and
low Treg levels are associated with recurrent
miscarriage in humans [28]. Although the specific
function of Treg cells during implantation has not been
elucidated, these cells play a critical role in
maintaining tolerance to paternal-derived antigens
expressed by the developing fetus [29].

All together, the studies carried out on the basis of
the Medawar’s postulates have confirmed that both
parties involved, trophoblast and uterus, contribute to
the survival and growth of the fetus in the womb of the
mother. However, unlike from what it was postulated,
the two parties recognize each other and interact. It is
currently known that the recognition and interaction
of fetal trophoblast by maternal immune cells occur in
normal pregnancy and play a crucial role for the
success of reproduction [30]. Indeed this particular
relationship between the maternal and fetal tissues
causes the secretion of soluble molecules which acting
on one and/or the other side, provide beneficial effect

for fetal survival and growth as well as pregnancy
health [31, 32].

I will now focus on the molecules at the materno-
fetal interface trying to summarize the concepts that
make these molecules critical mediators of materno-
fetal immunotolerance. Moreover I will report data on
the presence of some of these molecules at the materno-
fetal interface in various vertebrates and discuss these
data with regard to the importance of these molecules
in the development of viviparity.

THe FeTO-MATernAl MOleCUlAr
DIAlOGUe 

A complex of soluble molecules is produced by
different cell types in both the fetal and maternal
tissues and acts on these tissues contributing to the
activation and coordination of the series of events
necessary for successful pregnancy [31, 32]. Thus,
mother and embryo interact via specific tissues (tro-
phoblast and uterus) in a reciprocal exchange of mole-
cules that act as communication signals. This
interactive relationship between the embryo and the
mother has the characteristics of a true dialogue (feto-
maternal dialogue): a dialogue that uses molecules in-
stead of words (Figure 4). 

The feto-maternal dialogue begins in very early
pregnancy, before implantation in the uterus. The em-
bryo, still in the state of unformed cell mass, produces
some “signals” which act on the mother to create a
uterine environment favourable to its implantation
[33, 34]. 

Human chorionic gonadotropin (hCG) is the first
known hormonal signal in human pregnancy [35]. Its
measurement in the maternal blood and urine is not
only diagnostic but also has good predictive value for
pregnancy outcome both in normal and in in vitro fer-
tilization (IVF) pregnancies [36, 37]. The feto-maternal
dialogue becomes more intense when the trophoblast,
the outer layer of the blastocyst, comes into contact
with the uterine wall and invades it [38]. Molecules
with autocrine/paracrine action (cytokines) play a crit-
ical role in pregnancy [39]. Since they are potent im-
munoregulators, cytokines play a key role in the
maternal tolerance to the semi-allogeneic embryo [34].
They are also mediators of cell proliferation/differenti-
ation and apoptosis contributing to fetal growth and
expansion in the maternal tissues [39, 40]. Therefore,
their presence at the materno-fetal interface may mod-
ulate the maternal immune response and contribute to
the expansion of fetal tissues in the maternal uterus
[41, 42]. In the last three decades, virtually all known
cytokines have been found at the materno-fetal inter-
face, mainly in humans and mice [34, 43]. These in-
clude interferons (IFNs), interleukins (ILs), leukemia
inhibitory factor (LIF), tumor necrosis factors (TNFs),
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transforming growth factors (TGFs), colony stimulat-
ing factors (CSFs), vascular endothelial growth factors
(VEGFs) and many others (Fig.4). The action of these
molecules is expressed in a network in which cy-
tokines can induce or inhibit each other (Figure 4).
They may act either in concert, or in sequence, first one
or a group and then another or another group  as it will
be better described in the following chapter.

rOle OF CyTOKIneS In PreGnAnCy

Despite the great progress of knowledge in the last
two decades, the specific role of cytokines at the
materno-fetal interface still remains unclear and much
work remains to be done. 

A balance among different cytokines is believed to
be fundamental for the success of reproductive
processes. In this context, an important theory pro-
posed by Wegmann hypothesizes a prevalence of Th2
cytokines (IL-4, IL-5, IL-10), whose immunity is of the
humoral type, rather than Th1 cytokines (TNFα, IFNγ,
IL-2), whose immunity is of the cytotoxic type [44].
This theory defines Th2 cytokines as “beneficial” and
Th1 cytokines as “bad” for pregnancy. 

Yet, although still receiving much attention, the
Th1/Th2 cytokine dichotomy now appears too simplis-
tic [45]. It considers pregnancy a single event while it
is now currently recognized that pregnancy is charac-
terized by three distinct biological phases, each one
characterized by different pools of cytokines. Moreover,
the balance between pro-inflammatory and anti-in-
flammatory cytokines overlaps with that of Th1/Th2
[46-48]: 

In brief, the early phase of pregnancy, corresponding
to blastocyst implantation and placental development,
is characterized by an inflammatory environment with
an increase of Th1/pro-inflammatory cytokines. The
second phase of pregnancy corresponding to the
maintenance of pregnancy, is characterized by an anti-
inflammatory state with the predominance of Th2/anti-
inflammatory cytokines. This phase which begins as
soon as pregnancy is established and lasts almost up
to the term, allows uterine quiescence and fetal growth
and development. In the third phase, near term, a new
increase of Th1/pro-inflammatory cytokines plays a
fundamental role in uterine contraction and cervical di-
latation.

In summary, pregnancy is based on an evolving bal-
ance of cytokines which undergoes changes in the cy-
tokine type or concentration at different phases of
pregnancy (Fig.5). 

Figure 5. Evolving balance of Th1/Th2 and Pro-inflammatory/anti-inflammatory cytokines in different phases of pregnancy.

Figure 4. Mother and embryo interact in a reciprocal ex-
change of molecules forming a true dialogue.

Pro-inflammatory cytokines

Anti-inflammatory cytokines
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Important studies on cytokines in pregnancy have
been conducted on mice, offering the possibility of an-
imals with specific cytokine gene deletions. These
studies have shown that only three (LIF, IL-6, IL-11)
of the cytokines present at the materno-fetal interface
are unequivocally required for implantation in mice
[49-51]. 

However, as specific reproductive processes in preg-
nancy, e.g. implantation, maintenance of pregnancy
and parturition, are characterized by a balance of cy-
tokines with agonistic or antagonistic effects, it appears
to be logical that a lack of specific cytokines may acti-
vate alternative pathways involving the secretion and
action of other cytokines with a similar role. LIF, IL-6
and IL-11 are members of the same cytokine family
sharing an accessory signal transducing glycoprotein
(gp) 130 through separate receptor subunits [52].
Therefore, depletion of either one cytokine may not be
sufficient to reveal the specific role of this molecule in
reproduction.

We think that analysis of  cytokines in an intact organ
preserving tissue homeostasis could help identify the
real situation. In this context, a physiological approach,
performed in the last 15 years [53, 54], is based on evo-
lutionary studies in animals using similar or different
reproductive strategies including, viviparity, with or
without formation of placental structures, and ovipar-
ity, with or without egg/embryo retention. In all these
reproductive strategies, maternal reproductive tissues
have to deal with paternal-derived antigens on sperm,
fertilized eggs, and embryo. Cytokines are mediators
of the innate immune response, an ancient immuno-
logical system which can be found throughout verte-
brates up to mammals. It can be assumed that these
molecules might have played a role in the maternal im-
munotolerance from the simplest forms.

InTerleUKIn-1, A CyTOKIne FAMIly
WITH HIGHly COnSerVATIVe PrOPerTIeS
AnD IMPOrTAnT rOleS In MAMMAlIAn
rePrODUCTIOn

Studies of the IL-1 family in vertebrates with differ-
ent reproductive strategies are possible because of the
highly conservative properties of its components, IL-
1β and its functional membrane receptor IL-1R tI.
Cloning of IL-1β has been performed in different
classes of vertebrates including mammals, birds, am-
phibians and fishes [55]. IL-1 signaling system is also
evolutionarily conserved as the intracytoplasmic region
of IL-1R shows strong sequence similarities with the
corresponding region of Toll-like receptors (TLRs)
identified in mammals and other vertebrates (fishes,
amphibians, birds) [56-58]. This region, homologous
to the cytoplasmic region of Drosophila Toll protein
which mediates embryo dorso-ventral polarity, also
plays an important role in triggering defensive reac-
tions against microbial infections in both Drosophila and
mammals [59-61]. On these bases, binding of IL-1 to
its receptor produces signals of the body’s response to
microbial invasion from insects to mammals [62].

Studies performed in humans and mice have shown
that the IL-1 plays important roles in uterine receptiv-
ity and embryo implantation. The first evidences
obtained in both humans and mice date back to the
early 90s (Table 2). It was shown that IL-1 family com-
ponents were present in the endometrium with maxi-
mal expression in the period of blastocyst implantation
[63, 64]. IL-1 is also expressed in the fetal counterpart
in early pregnancy both in humans and mice suggest-
ing its potential role in the cross-talk between embryo
and endometrium [65, 66]. IL-1β is able to act in fact
in the syncytio-trophoblast by inducing hCG release
[67] and in the human endometrium by stimulating the
secretion of different cytokines (IL-6, IL-8, LIF and

Table 2. The first evidences on IL-1 in pregnancy establishment.

Studies in humans Studies in mice

➢ IL-1β and IL-1R tI are present in the en-

dometrium with a peak in the secretory phase

[63,64]

➢ IL-1α e IL-1β is present in the tro-

phoblast [65]

➢ The presence of IL-1 in the embryo cul-

ture medium has been correlated with successful

implantation after in vitro fertilization [69]

➢ IL-1β and IL-1R tI are present in the

uterus at the time of implantation [70]

➢ IL-1 family components are present pre-

implantation mouse embryos at various develop-

mental stages [66]

➢ Implantation in mice is prevented by ad-

ministration with IL-1 Receptor antagonist [70]
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TNF-a) [68]. The importance of IL-1 in blastocyst im-
plantation has been also supported by studies in in vitro
fertilization and embryo transfer techniques [69]. Un-
doubtedly, the most important role of the IL-1 family
in embryonic implantation has been revealed by in vivo
studies in mice. Simón et al. [70] showed that intraperi-
toneal injection of an antagonist of IL-1 biological ac-
tivity (IL-1Ra) into pregnant mice prior to implantation
caused implantation failure. Indeed, IL-1Ra interferes
with embryonic attachment by a direct effect on the en-
dometrial epithelium as a result of down-regulation of
integrins α4, αv and b3 [71]. Although all these studies
support a fundamental role of the IL-1 in successful re-
production, mice lacking the most important IL-1 fam-
ily components, e.g. IL-1β or IL-1R tI genes, breed
normally with only a slight reduction in mean litter
size [72, 73]. 

In order to clarify the role of IL-1 in materno-fetal
immune-tolerance, we performed studies in animal
species characterized by different reproductive
strategies. 

STUDIeS On Il-1 In SqUAMATe rePTIleS
AnD elASMObrAnCH FISHeS

Our study on different species of vertebrates is based
on the hypothesis that biological mechanisms allowing
materno-fetal immunotolerance had to be developed
since viviparity was established [74]. We also specu-
lated that similar biological mechanisms also had to be
present in species with internal fertilization even if the
embryo does not grow in the maternal tissues [75]. In
these species that lay fertilized eggs in the external en-
vironment (oviparity), a more or less prolonged phase
of embryonic development can take place in the
mother’s tissues before egg laying. As in viviparity, the

female reproductive tissues of species with oviparity
are necessarily exposed to paternal-derived antigens,
first on the sperm and then on the zygote/embryo. 

We began the so-termed “evolutionary studies”
within a collaboration with Prof. G. Ghiara (Figure
6A), soon after he became a member of the Faculty of
Sciences at the University of Siena (Italy) in the early
90s. I learned from him for the first time that some
species of squamate reptiles were characterized by a
placental viviparity. By means of his collaborators from
the University of Naples, we were able to get the
placenta of a squamate reptile of the family Scincidae,
the three-toed skink Chalcides chalcides [76] (Figure 6B).
Like other squamates, C. chalcides has a very specialized
epithelio-chorial placenta with morphological and
functional similarities to the one found in many therian
mammals [76-79]. In this type of placenta, the chorion
forms very high ridges that interdigitate with corre-
sponding ridges of the uterine mucosa  [76, 77] (Figure
6C). 

We examined this type of placenta for expression of
IL-1 and found that, similarly to mammals, IL-1 was
present at the materno-fetal interface both in the
chorion and in the maternal uterus [80]. Furthermore,
as IL-1 is an essential molecule for blastocyst implan-
tation in mammals [63-66, 70], we performed studies
also in the uterus of C. chalcides at the pre-vitellogenic
and vitellogenic stages. These studies revealed that, IL-
1β and IL-1R tI are expressed in reproductive tissues
of C. chalcides at the peri-implantation time and preg-
nancy [80, 81].

To further verify the importance of IL-1 in non-
mammalian placental vertebrates, we later studied the
placenta of a cartilaginous fish, the smoothhound shark
Mustelus canis [82] (Figure 7). The placenta forms in this
species [10] at approximately mid-gestation, in con-
junction with yolk store depletion, and persists until

Figure 6. A. Prof. Gianfranco Ghiara (1922-2007); B. The
three-toed skink Chalcides chalcides. C. The chorio-allantoic
placenta of Chalcides chalcides. Figure 7. The smoothhound shark Mustelus canis.
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term. This study was made possible thanks to the col-
laboration with Prof. W. C. Hamlett, from Indiana Uni-
versity School of Medicine, Notre Dame, Indiana
(USA). 

We then wondered whether IL-1 was a cytokine
involved in placental viviparity or it could be involved
also in viviparity without the formation of a true
placenta or even in oviparity. We were able to answer
all these questions thanks to collaboration with
French scientists, Dr. B. Heulin and Dr. C. P. Guil-
laume who brought us specimen of Lacerta vivipara, a
species which exhibits reproductive bimodality, i.e.
the coexistence of viviparous and oviparous popula-
tions depending on the habitat [83] . Viviparity in this
species is characterized by a very simple type of
chorioallantoic placenta in which the chorioallantois
is juxtaposed to the uterine lining, with the eggshell
interposed between them throughout gestation [8].
Oviparity is characterized by embryo/egg retention
until stage 30-35 in oviparity [84].

The studies revealed that IL-1 family components
were expressed in the female reproductive tissues of
both the oviparous and viviparous species [85] sup-
porting that immunological mechanisms mediated by
cytokines are required in species in which maternal tis-
sues must deal with exposure to paternal antigen-bear-
ing cells i.e. sperm and embryo.

On the whole, the studies in squamate reptiles and

fishes led us to speculate that secretion and/or action
of cytokines at the materno-fetal interface represents a
form of adaptation toward tolerance of paternal anti-
gen-bearing cells.

STUDIeS In AMPHIbIAnS 

In addition to oviparity and viviparity, amphibians
and fishes include species with external fertilization, a
reproductive strategy named ovuliparity. In these
species, the eggs are released from the female repro-
ductive tract and their fertilization and embryonic de-
velopment take place in the external environment.
Thus, there is no contact at all between embryonic anti-
gens and maternal tissues and species presenting
ovuliparity, can be considered natural negative controls
in studies on materno-fetal immunotolerance. 

By a collaboration with Prof. R. Brizzi, from the Uni-
versity of Florence (Italy) we were been able to
compare viviparity with oviparity and ovuliparity in
amphibians. The species selected were: the viviparous
Salamandra lanzai, the oviparous Triturus carnifex and the
ovuliparous Bufo bufo (Figure 8). 

The data obtained showed that, although at a much
lower degree in respect to viviparity/oviparity, expres-
sion of IL-1β and IL-1R t1, was present in ovuliparity
as well [86]. At first these data appeared to contradict

Figure 8. Species of amphibians with different reproductive strategies, viviparity, oviparity and ovuliparity. In Urodels,
the eggs are fertilized in the female reproductive tissues and a more or less prolonged phase of embryonic development
takes place in the mother’s tissues. In Anurans, both the egg fertilization and embryo development occur in the external
environment.
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the role of the IL-1 system in materno-fetal immuno-
tolerance. As species not having the need of materno-
fetal immunotolerance, ovuliparous species were
indeed thought not to express IL-1 in the female repro-
ductive tissues. However in the light of the role of IL-
1 in the innate immunity, these studies provided a new
understanding of the expression of IL-1 components in
the female reproductive tissues. In every species in fact,
apart from their reproductive strategy, the mucosa of
the female reproductive tract interfaces with a lumen
exposed to an extensive variety of both commensal and
pathogenic microbes coming from the external envi-
ronment. To control the bacterial antigenic load, the
mucosal epithelium of the female reproductive tract,
develops defense mechanisms mainly based on the ex-
pression of TLRs [87-89]. Given the high homology of
TLRs and IL-1R, a basic expression of IL-1 and IL-1R
t1 in the female reproductive mucosa can be considered
an immune mechanism for host’s protection against the
attack of pathogens. This was confirmed by a spatial
distribution of IL-1 components in the female repro-
ductive tract of an ovuliparous species, Xenopous laevis,
with a general increase toward the external environ-
ment [90].

Besides the important role of IL-1 in the protection
against infection, IL-1 response in the female reproduc-
tive tract of viviparous and in some extent in oviparous
species has to contribute to maternal tolerance versus
the paternal-derived antigens present on sperm, fertil-
ized eggs, and embryo. The data in amphibians, which
show increasing expression of IL-1 components, from
ovuliparity to oviparity and viviparity appear to sup-

port the above hypothesis leading us to propose that
an enhancement of the innate immunity in the female
reproductive mucosa is an important biological mech-
anism in the materno-fetal immunotolerance (a
schematic representation of the IL-1 response in
species with different reproductive strategies is shown
in Figure 9).

COnClUSIOnS

Studies in humans showed that a) the trophoblast
does not hide its diversity, but reveals itself by
showing its less aggressive features; b) the maternal
immune system in the uterus/decidua recognizes fetal
trophoblast and interact with it; c) a proper molecular
materno-fetal dialogue is fundamental for the success
of pregnancy.

Studies in non-mammalian vertebrates revealed that
an increase in the innate immune response in the female
reproductive tissues occurs in species having the need of
maternal immunotolerance versus the paternal-derived
antigens on sperm and zygote/ embryo.

It can be concluded that, although non-mammalian
vertebrates are far from mammals, they appear to rep-
resent a good model to understand the role of cytokines
in materno-fetal immunotolerance. 

Future perspectives:
Determination of the molecular mechanisms that

allow fetal growth and survival in the maternal tissues
might be useful to:

Figure 9. Enhancement of IL-1 expression in the female reproductive tissues from Ovuliparity to Oviparity and Viviparity
in response to the increasing needs.
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develop new strategies for the treatment of infertility
in humans;

develop new contraceptives;
develop new therapeutic interventions to prevent

miscarriage or other pregnancy disorders such as
preeclampsia and fetal growth retardation;

develop new strategies for improving the success of
assisted reproduction;

Some personal considerations
The multiple biological mechanisms of materno-fetal

immunotolerance arise in me some theoretical consid-
erations that may be useful for human Society: 

The materno-fetal tolerance accepts the difference
and specificity of the other;

The materno-fetal tolerance recognizes the
interdependence existing between the parties;

A correct dialogue is at the basis of the harmony
among strangers;

The materno-fetal tolerance is a model of coexistence
in human society.
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Gonads start to produce sex hormones around the
seventh week of gestation and together with the adren-
als supply these products throughout life. These effects,
defined as “organizational”, cause permanent changes
in the hormone-sensitive neural substrate to obtain a
male or female subject, and they are related to both re-
productive and non-reproductive functions. In addi-
tion, gonadal hormones modulate CNS functions
throughout an individual’s life by means of “activa-
tional” actions mostly related to their local synthesis
and/or plasma concentration. Indeed the adult mam-
malian brain shows remarkable plasticity in response
to gonadal steroid changes. 

Gonadal hormone receptors are present in many
structures involved in pain mechanisms. This involve-
ment was indicated by the presence of clinical pain
conditions with clear sex differences and by the
changes experienced by women when hormone con-
centrations change in the blood [1,2,3]. For example,
although prepubertal girls and boys have a similar
prevalence of migraine, the lifetime prevalence of mi-
graine becomes 3-fold higher in women than men
(18% vs 6%) after puberty, when the androgen/estro-
gen ratios in the two sexes drastically change [4].

Experiments to determine the possible involvement
of estrogens in pain modulation did not provide con-
clusive evidence. Indeed, in experimental animals
and in humans, these types of studies by several dif-
ferent investigators yielded highly equivocal results.
For instance, there are studies demonstrating estro-

gens as analgesic due to the longer lasting latencies
in response to acute nociceptive stimuli in ovariec-
tomized, estradiol-treated female rodents compared to
hormone-depleted controls [e.g. 5,6,7], but there are
also many studies reporting no effect of estradiol on
acute nociceptive responses and some reporting hy-
peralgesia [e.g. 8,9]. 

Experimental and clinical data indicate the involve-
ment of estrogens in many chronic pain syndromes. In
this case, unlike acute pain, chronic pain shows a clear
sex difference in most of the syndromes considered; the
incidence of pain, but also its frequency and intensity,
are very often higher in females than in males, in this
case the pro-nociceptive role of estrogens was repeat-
edly shown [1,10]. For instance, in humans, migraine,
temporomandibular joint disorder, fibromyalgia,
arthritis and interstitial cystitis are more prevalent in
women than in men [10,11,12]. These differences com-
monly appear after puberty, are often related to the
menstrual cycle and may disappear with menopause,
clearly indicating a relationship among female gonadal
hormone and painful syndromes in women. A study
performed in our laboratory of transsexuals undergo-
ing hormonal treatment reported a significant increase
in chronic pain conditions in male-to-female patients
undergoing estradiol/antiandrogen treatment, differ-
ently from the female-to-male patients in which there
was an improvement of painful condition after treat-
ment with testosterone [13]. Similarly in experimental
animals, long-lasting pain (i.e. chronic constriction in-
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jury or arthritis), always show higher pain intensity
and longer duration in females than males, differences
that are abolished by ovariectomy [1]. 

These studies suggest that the ‘female’ concentra-
tion/changes of estrogens, more than acting to modu-
late acute pain, would affect chronic pain development.
A list of possible points of action is given, from the
brain to the sensory receptors.

GOnADAl HOrMOneS, eSTrOGenS

Estrogens, like other steroids, can reach their target
in the cell with or without specific estrogen receptors
(ER) and with slow (nuclear) or rapid (membrane) ac-
tion. Two main isoforms of the receptors have been
identified (a and b) and there is much information
about their modulation and activity [i.e. 14]. As for
many other neurotransmitters, the effects of a given es-
trogen likely reflect the balance between ERa and b ac-
tivation in the specific cell/system; indeed it was
shown that activation of ERa and b can produce op-
posing effects, for example on anxiety [15].

Both membrane and nuclear estrogen receptors are
likely important in pain modulation by estrogens [16].
However, very few pain studies have attempted to dis-
tinguish between membrane and nuclear receptor-me-
diated effects or between ERa- and ERb-mediated
effects of estrogens, nor is it known which estrogenic
effects on pain might be mediated by the newly de-
scribed estrogen receptor, a G-protein-coupled estrogen
receptor (GPR30) [17]. The activation of GPR30 re-
quires a higher estrogen concentration and presents a
sexually dimorphic distribution, as shown in the ham-
ster hypothalamus in which its expression is much
higher in females than males [18].

In general, the ERa and ERb located on neurons
show a similar distribution but greater density in fe-
male than male rats and some cycle-related fluctuations
in females; a good example is the distribution of ER on
the trigeminal brain stem complex (trigeminal subnu-
cleus caudalis) [19]. ERa and b are also located in areas
of the brain involved in motor control, stress, anxiety
and pain, such as the hypothalamus, amygdala, peri-
aqueductal gray (PAG) and dorsal raphe nucleus [20].
In these brain areas, estrogenic actions can be direct on
pain modulation or indirect through interactions with
other neurotransmitter systems. 

WOMen AnD PAIn

Further support of the role of estrogens in pain mod-
ulation comes from evidence related to cyclic estrogen
fluctuations in women. The menstrual cycle is driven
by the action of gonadotropins and their first input is
to the production of estradiol by the ovaries. 

As early as 1944, Haman [21] advanced the hypoth-
esis of a general lowering of the sensory threshold in
correspondence of menses. This was substantiated by
a number of studies that found the pain threshold to
be highest in the follicular phase and lowest in the
luteal phase [22]. Procacci et al. [23] found that diurnal
variations in pain thresholds and cyclic changes cover-
ing longer periods were present in both sexes. An hy-
pothesis to explain pain threshold variation during the
menstrual cycle stated that variations in the extracellu-
lar fluid at the receptor site or increased skin imped-
ance may change the conductance into deeper tissues
and thus alter the aversiveness of the electrical stimu-
lation [24]. This effect can probably be explained by
the finding that estrogens enhanced the dermal con-
tents of water and collagen in a study on human sub-
jects [25]. Interestingly Morton et al. [26] noted that the
mean weight increase in women due to premenstrual
water retention was 1.36 Kg. 

Facchinetti et al. [27] reported a blunted increase of
serum concentrations of cortisol and �-endorphin dur-
ing the premenstrual phase after intravenous adminis-
tration of naloxone in women with menstrual
migraine. The response was normal during the follic-
ular phase, suggesting that there was a cyclic failure of
opiate tonus in patients with menstrual migraine. 

The use of different tools to test the pain threshold
and its variations during the menstrual cycle has
shown that while the pain threshold appears to be
higher in the follicular phase for almost all natural
stimuli, the opposite occurs for electrical stimuli, i.e.
there is a lower threshold in the follicular phase [1]. 

From a clinical point of view, it is known that rapid
decreases of estrogen levels occurring cyclically at men-
struation appear to further increase ongoing muscle
and joint pain in temporomandibular disorder and
rheumatoid arthritis as well as migraine headache
[28,29]. Indeed about 10% of female migraine sufferers
have menstrual migraines, i.e. headaches that regularly
occur at the beginning of menstruation [30,31]. More-
over, human studies suggest that serotonin release (es-
timated on the basis of prolactin concentrations after
administration of d-fenfluramine) is highest during the
mid-cycle, intermediate during the late luteal phase
and lowest during the early follicular phase [31,32]. It
was suggested that a low estrogen state, as present in
the early follicular phase, may be associated with de-
creased release of serotonin and diminished respon-
siveness of 5-HT1 and 5-HT2 receptors in patients with
menstrual migraines.

Sex hormones can influence the morphology and
functions of many central nervous system structures
[3]. Indeed sex differences in neurotransmitter levels,
receptor binding and responsiveness to medications
acting through these pathways have been identified
[33]. For instance significant effects have been shown
on transmitter systems, such as the endogenous opioid
systems, dopaminergic and serotonergic activity, and
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other endogenous components. For example, it has
been proposed that dysfunction of dopaminergic neu-
rotransmission may contribute to the clinical symp-
toms of fibromyalgia (i.e. CWP and generalized
hyperalgesia), which is much more prevalent in
women than in men, and that dopamine may be an im-
portant target for the treatment of fibromyalgia [33]. 

In experimental animals, estrogens were shown to
enhance serotoninergic neurotransmission by increas-
ing synthesis, decreasing re-uptake and decreasing
degradation of serotonin [34,35], probably through the
raphe magnus, a serotonergic nucleus located in the
brainstem that can modulate neurotransmission in sec-
ond-order afferent neurons [36].

An important modulation exerted by estrogens is that
on the opioid system. The presence of ER was demon-
strated in the endorphinergic neurons in the arcuate
nucleus of the hypothalamus as well as in many other
CNS regions involved in pain transmission and mod-
ulation [see 37]. Interestingly Piva and colleagues [38]
reported that treatment with estradiol benzoate in-
creased the number of binding sites of dihydromor-
phine (a specific μ-receptor ligand) in the
hippocampus and thalamus. The estrogen mediated ef-
fects in the hippocampus would be related to the
higher cholinergic activation (i.e. higher arousal and at-
tention) found in females than males during experi-
mental painful condition [39,40]. More recently Smith
et al. [41] performed positron emission tomography
studies in premenopausal women during high and low
estrogen states. The high estrogen state was achieved
by placement of an estradiol transdermal patch during
the early follicular phase and the low estrogen condi-
tion was achieved by administration of a placebo patch
at the same time. Using a model of acute pain (infusion
of isotonic saline into the masseter muscle), the re-
searchers found lower pain with higher estrogen levels
probably due to the significant increase in μ-receptor-
mediated neurotransmission in the thalamus, nucleus
accumbens and amygdala during the high estrogen
state compared with the low estrogen state. 

In the spinal cord, the interaction between pain and
gonadal hormones has been studied mostly with ref-
erence to pregnancy-related events. In women as well
as in rodents, antinociception occurs in response to so-
matic as well as visceral noxious stimuli before partu-
rition [42]. These changes in pain perception during
pregnancy were attributed to sex hormones through an
opioid-mediated increase of the pain threshold [43,44].
Indeed the progressive increase in the circulating levels
of estradiol and progesterone, as occurs during preg-
nancy, modulates a spinal opioid analgesic system
through the estrogen-sensitive neurons present in the
superficial dorsal horn lamina of the spinal cord [45]. 

Since the distribution of ER-containing cells in lam-
ina II corresponds to the preferential localization in the
spinal cord of preproenkephalin-expressing neurons
[45], it was suggested that the effect is due to the in-

volvement of estrogens in the transcriptional control of
opioid synthesis and of δ- and b-opioid receptors [46].
Indeed, Amandusson et al. [47] showed that estrogen
administration rapidly increases spinal cord
enkephalin mRNA levels in ovariectomized rats. More-
over, other neural systems have been described as
being modulated by estrogens. Tang et al., [48] reported
that colonic distention increased phosphorylation of
the NR1 subunit of the NMDA receptor in ovariec-
tomized rats treated with estrogen but not in rats that
did not receive estrogen. Martin et al [49] reported that
neuronal responses in the trigeminal nucleus caudalis
and dorsal horns of C1 to C3 were increased in re-
sponse to glutamic acid during the late proestrus stage
(hormonal milieu of high and declining serum concen-
trations of estrogen) compared with other stages of the
rat estrous cycle, suggesting that high or fluctuating
serum concentrations of estrogen can enhance afferent
sensory input through glutamatergic mechanisms. 

Estrogens have a direct effect on blood vessels, pro-
moting vasodilatation by stimulating the synthesis of
vasoactive mediators such as prostacyclin and endothe-
lium-derived NO [50]. The vascular walls contain spe-
cific high-affinity receptors for estrogens and changes
in the plasma estrogen concentrations regulate the level
of ER in vascular tissue [51]. 

Estrogen appears to be involved in pain-related ef-
fects through its vasodilatatory action. On the other
hand, in some instances estrogen appears to be in-
volved in pain processes through potentiation of the
spasmogenic response of vascular smooth muscle. This
action may contribute to several pain syndromes with
a recognized vascular component, e.g. migraine
headache, influenced by gender and by menstrual sta-
tus, and the vasoconstriction observed in Raynaud’s
phenomenon, a disease most common in pre-
menopausal women [52]. The decrease in the nocicep-
tive threshold produced by norepinephrine in
estradiol-treated rats was completely antagonized by
sympathectomy [52]. The basis for the qualitative dif-
ferences in the vasomotor responses to estrogen among
different blood vessels is unclear. 

Another example of the possibility of obtaining dif-
ferent/opposite results when testing the same tissue
with inflammatory stimuli comes from the changes ob-
tained with different E2 concentrations. Indeed it was
shown that very high estrogen concentrations tend to
inhibit inflammation, whereas lower levels of estro-
gens may produce either no effect or a proinflammatory
effect [53,54]. Finally the idea that estrogens are in-
volved in inflammatory processes is supported by the
finding that ER a and b are present in organs of the im-
mune system, including the thymus, spleen and bone
marrow; activation of each ER by estrogens differen-
tially contributes to granulocyte-induced inflamma-
tion, T lymphocyte proliferation and phenotypic shift,
suppression of NK cell cytotoxicity, and B-lymphocyte
suppression and increased differentiation [55].
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COnClUSIOnS

Estrogens are involved in pain and in particular in
chronic pain increasing women’s ability to put atten-
tion and increase arousal towards the painful stimuli.
This is strongly confirmed by the clinical evidence of a
sex difference in most chronic painful syndromes and
by the changes occurring in pain features when females
pass from one reproductive period to another, i.e.
menses, puberty, menopause.

Estrogens act as neurotransmitters and gene regula-
tors, and their effects are widespread in the body. This
was evident a century ago, when the first neurophysi-
ologists started to look for sex differences. However,
for unclear reasons there has been a very slow ap-
proach by researchers to the consideration of gonadal
hormones, and estrogens in particular, even though
good knowledge of the role of these hormones in pain
mechanisms would certainly help in the understanding
and treatment of pain.

reFerenCeS

1. Greenspan JD, Craft RM, LeResche L, et al. Studying sex and gen-
der differences in pain and analgesia: a consensus report. Pain
2007;132:S26-S45.

2. Fillingim RB, King CD, Ribeiro-Dasilva MC, et al. Sex, gender, and
pain: a review of recent clinical and experimental findings. J Pain
2009;10:447-85.

3. Aloisi AM, Bonifazi M. Sex hormones, central nervous system and
pain. Horm Behav 2006;50:1-7.

4. Lipton RB, Stewart WF, Diamond S, et al. Prevalence and burden
of migraine in the United States: data from the American migraine
study II. Headache 2001;41:646-57.

5. Craft RM, Ulibarri C, Leitl MD, Sumner JE. Dose- and time de-
pendent estradiol modulation of morphine antinociception in adult
female rats. Eur J Pain 2008;12,472-9.

6. Martinez-Gomez M, Cruz Y, Salas M, et al. Assessing pain thresh-
old in the rat: changes with estrus and time of day. Physiol Behav
1994;55:651-7.

7. Stoffel EC, Ulibarri CM, Craft RM. Gonadal steroid hormone mod-
ulation of nociception, morphine antinociception and reproductive
indices in male and female rats. Pain 2003;103:285-302.

8. Walf AA, Frye CA. Anti-nociception following exposure to
trimethylthiazoline, peripheral or intra-amygdala estrogen and/
or progesterone. Behav Brain Res 2003;144:77-85.

9. Ji Y, Murphy AZ, Traub RJ. Estrogen modulation of morphine
analgesia of visceral pain in female rats is supraspinally and pe-
ripherally mediated. J Pain 2007;8:494-502.

10. Berkley KJ. Sex differences in pain. Behav Brain Sci
1997;20:371-80.

11. Unruh AM. Gender variations in clinical pain experience. Pain
1996;65:123-67.

12. Hargreaves R. New migraine and pain research. Headache 2007;
47:S26-43.

13. Aloisi AM, Bachiocco V, Costantino A, et al. Cross-sex hormone ad-
ministration changes pain in transsexual women and men. Pain
2007;132:S60-7.

14. Balthazart J, Cornil CA, Taziaux M, et al. Rapid changes in production

and behavioral action of estrogens. Neuroscience 2007;138:783-91.

15. Weiser MJ, Foradori CD, Handa RJ. Estrogen receptor beta in the
brain: from form to function. Brain Res Rev 2008;57:309-20.

16. Evrard HC, Balthazart J. Rapid regulation of pain by estrogens syn-
thesized in spinal dorsal horn neurons. J Neurosci 2004;24: 7225-9.

17. Filardo EJ, Thomas P. GPR30: a seven-transmembrane-panning
estrogen receptor that triggers EGF release. Trends Endocrinol
Metab 2005;16:362-7.

18. Carmeci C, Thompson DA, Ring HZ, et al. Identification of a gene
(GPR30) with homology to the G-protein-coupled receptor super-
family associated with estrogen receptor expression in breast cancer.
Genomics 1997;45,607-17.

19. Bereiter DA, Cioffi JL, Bereiter DF. Oestrogen receptor-immunore-
active neurons in the trigeminal sensory system of male and cycling
female rats. Arch Oral Biol 2005;50:971-9.

20. Shugrue PJ, Lane MV, Mechenthaler I. Comparative distribution
of estrogen receptor-a and -b mRNA in the rat central nervous sys-
tem. J Comp Neurol 1997;388:507-25.

21. Haman JO. Pain threshold and dysmenorrhea. Am J Obstet Gy-
naecol 1944;47:686-91.

22. Sherman JJ, LeResche L. Does experimental pain response vary
across the menstrual cycle? A methodological review. Am J Physiol
Regul Integr Comp Physiol 2006;291:R245-56. 

23. Procacci P, Buzzelli G, Passeri I, et al. Studies on the cutaneous
pricking pain threshold in man. Circadian and circatrigintan
changes. Res Clin Stud Headache 1970;3:260-76.

24. Tedford WHJ, Warren DE, Flynn WE. Alteration of shock aversion
threshold during the menstrual cycle. Percept Psychophys 1977;
21:193-6.

25. Brincat M, Moniz CF, Kabalan S, et al. In skin collagen content
and metacarpal index after the menopause and its prevention with
sex hormone replacement. Br J Obstet Gynaecol 1987;94:126-9.

26. Morton JH, Additon H, Addison RG, et al. A clinical study of pre-
mestrual tension. Am J Obstet Gynecol 1953;65:1182-91.

27. Facchinetti F, Fioroni L, Martignoni E, et al. Changes of opioid mod-
ulation of the hypothalamo-pituitary-adrenal axis in patients with
severe premenstrual syndrome. Psychosom Med 1994:56:418-22.

28. LeResche L, Saunders K, Von Korff MR, et al. Use of exogenous
hormones and risk of temporomandibular disorder pain. Pain
1997;69:153-60.

29. Brandes JL. The influence of estrogen on migraine: a systematic re-
view. JAMA 2006;295:1824-30.

30. Martin VT, Lipton RB. Epidemiology and biology of menstrual mi-
graine. Headache 2008;48:S124-30.

31. Cassidy EM, Tomkins E, Sharifi N, et al. Differing central amine
receptor sensitivity in different migraine subtypes? A neuroen-
docrine study using buspirone. Pain 2003;101:283-90.

32. Nappi RE, Abbiati I, Luisi S, et al. Serum allopregnanolone levels
relate to FSFI score during the menstrual cycle. J Sex Marital Ther
2003;29:95-102.

33. Manson JE. Pain: sex differences and implications for treatment.
Metabolism 2010;59:S16-20.

34. Pecins-Thompson M, Brown NA, Kohama SG, Bethea CL. Ovarian
steroid regulation of tryptophan hydroxylase mRNA expression in
rhesus macaques. J Neurosci 1996;16:7021-9.

35. Bethea CL, Lu NZ, Gundlah C, Streicher JM. Diverse actions of
ovarian steroids in the serotonin neural system. Front Neuroen-
docrinol 2002;23:41-100.

36. Chiang CY, Sessle BJ, Hu JW. Parabrachial area and nucleus
raphe magnus-induced modulation of electrically evoked trigeminal
subnucleus caudalis neuronal responses to cutaneous or deep A-
fiber and C-fiber inputs in rats. Pain 1995;62:61-8.

37. Bodnar RJ, Kest B. Sex differences in opioid analgesia, hyperalge-
sia, tolerance and withdrawal: central mechanisms of action and
roles of gonadal hormones. Horm Behav 2010;58,72-81.

Non
-co

mmerc
ial

 us
e o

nly



27

COnFerenCe

38. Piva F, Limonta P, Dondi D, et al. Effects of steroids on the brain
opioid system. J Steroid Biochem Mol Biol 1995;53:343-8.

39. Ceccarelli I, Casamenti F, Massafra C, et al. Effects of novelty and
pain on behavior and hippocampal extracellular ACh levels in
male and female rats. Brain Res 1999;815:169-76.

40. Aloisi AM, Zimmermann M, Herdegen T. Sex-dependent effects of
formalin and restraint on c-Fos expression in the septum and hip-
pocampus of the rat. Neuroscience 1997;1,951-8.

41. Smith YR, Stohler CS, Nichols TE, et al. Pronociceptive and an-
tinociceptive effects of estradiol through endogenous opioid neuro-
transmission in women. J Neurosci 2006;26:5777-85.

42. Cogan R, Spinnato JA. Pain and discomfort thresholds in late preg-
nancy. Pain 1986;27:63-8.

43. Dawson-Basoa ME, Gintzler AR. Estrogen and progesterone acti-
vate spinal kappa-opiate receptor analgesic mechanisms. Pain
1996;64:608-15.

44. Gintzler AR, Liu NJ. The maternal spinal cord: biochemical and
physiological correlates of steroid-activated antinociceptive processes.
Prog Brain Res 2001;133:83-97.

45. Amandusson A, Hermanson O, Blomqvist A. Estrogen receptor-like
immunoreactivity in the medullary and spinal dorsal horn of the
female rat. Neurosci Lett 1995;196:25-8.

46. Amandusson A, Blomqvist A. Estrogen receptors can regulate pain
sensitivity. Possible explanation of certain chronic pain conditions.
Lakartidningen 2001;98:1774-8.

47. Amandusson A, Hallbeck M, Hallbeck AL, et al. Estrogen-induced
alterations of spinal cord enkephalin gene expression. Pain 1999;
83:243-8.

48. Tang B, Ji Y, Traub RJ. Estrogen alters spinal NMDA receptor ac-
tivity via a PKA signaling pathway in a visceral pain model in the
rat. Pain 2008;137:540-9.

49. Martin VT, Lee J, Behbehani MM. Sensitization of the trigeminal
sensory system during different stages of the rat estrous cycle: im-
plications for menstrual migraine. Headache 2007;47: 552-63.

50. Hayashi T, Yamada K, Esaki T, et al. Effect of estrogen on isoforms
of nitric oxide synthase: possible mechanism of anti-atherosclerotic
effect of estrogen. Gerontology 1997;43:24-34.

51. Farhat MY, Lavigne MC, Ramwell PW. The vascular protective ef-
fects of estrogen. FASEB J 1996;10:615-24.

52. Levine JD, Taiwo YO. Beta-estradiol induced catecholamine-sen-
sitive hyperalgesia: a contribution to pain in Raynaud's phenom-
enon. Brain Res 1989;487:143-7.

53. Straub RH. The complex role of estrogens in inflammation. Endocr
Rev 2007;28:521-74.

54. Calabrese EJ. Estrogen and related compounds: biphasic dose re-
sponses. Crit Rev Toxicol 2001;31:503-15.

55. Carlsten H. Immune responses and bone loss: the estrogen connec-
tion. Immun Rev 2005;208:194-206.

Non
-co

mmerc
ial

 us
e o

nly



It is with deep emotion that I remember  my friend and
colleague Gianpaolo Pessina, Professor of Physiology
at the University of Siena (Italy). We worked closely
for many years and in different fields of research and
were able to build a friendship that was soon extended
to our families. I could say I grew scientifically thanks
to his advice and  the  journey we made  together  for
about 35 years, A long period that left me with many
good memories. I am sure that everyone who met Gian
Paolo, remembers his beautiful smile that inspired
friendship and sympathy. He was a  good-natur, open
person  and  had a good character. He was a good
friend. I cannot forget when, in the 70s, I was entrusted
to his guidance as  a young graduate. From him, I soon
learned  the enthusiasm for research and the strength
to go on without complaining about failures. Gian
Paolo was, in fact, full of enthusiasm and never com-
plained. My first steps into the world of research,
under the guidance of  Gian Paolo have been important
for my work life  and I am deeply grateful to him. I  re-
member that the first important scientific topic Gian
Paolo studied was the aging of erythrocytes. In partic-
ular, he studied the changes occurring in erythrocytes
in the course of their life that make these cells look
older. He was able to show that these cells lose frag-
ments of molecules from their exterior face, as they age.
Among other molecules Gian Paolo indicated that the
sialic acid  peels off from the cell membrane as the cell
grew older. As mentioned, Gian Paolo spent a lot of en-
ergy on this research area and produced important
publications for international scientific  journals. His
research then evolved on different issues. Gian Paolo
gave a great contribution to the knowledge of the me-
tabolism and pharmacokinetics of the cytokines, mol-
ecules that play a role of defense against pathogens but
are also natural regulators of cellular physiological
processes. Another important issue Gian Paolo studied
was the action of cytokines in preserving the physio-
logical conditions under exposure to risk factors.
Among the factors potentially interfering with the
physiological processes, Gian Paolo  first studied the
effect of cigarette smoking, and subsequently, the effect

of electromagnetic waves. Since the 90s, Gian Paolo
began working on this  latter issue, publishing a series
of articles first on the effects that electromagnetic waves
have on the cells of the immune system and, later, on
the central nervous system, demonstrating that these
waves produce changes in cell membranes leading to
a change in the processes of transport of calcium and
effects on cell proliferation. Gian Paolo also held many
institutional duties at the University of Siena: he was
the Director of the Institute of General Physiology and
Nutritional Science, Faculty of Pharmacy and subse-
quently, of the  Department of Physiology of the three
Faculties, Pharmacy, Science and Medicine.  He was
the Director of the PhD, then of the Graduate School,
done in conjunction with colleagues pharmacologists.
At the time of his death, he was the President of the
Committee for the teaching of the Master of Science in
Pharmaceutical Chemistry and Technology. 
For many of these institutional activities and research
I found myself often working with Professor Pessina,
always in mutual respect and friendship. 
Friendship is the magic word to describe him, Gian
Paolo Pessina. His friends, within and outside work,
together with his family, were the framework of his
life. He had many friends in Grosseto, his home town
close to the sea he loved and the place of his family’s
traditional pastry ands ice cream shop. He used to
spend his free time by the sea in Principina, just near
Grosseto. His greatest joy was to bring friends with his
boat to the “Formiche”, small islands, almost rocks,
within the Tuscan archipelago. For his ability to relate
to others and the respect he had for anyone, Gian Paolo
was the connection between friends, colleagues in the
Department, Faculty, and members of the Physiological
Society of Italy. 
And finally, I cannot forget to mention his hobby: pro-
ducing his own red wine and the so-called vin santo,
a sweet wine for his friends.
I would like to greet him saying thank you, for walk-
ing with us and giving us an example of true friend-
ship, devotion to duty and great enthusiasm for
scientific research.
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I feel very  honored to  have been invited, among qualified scientists, to pay a tribute to the memory of a great
man, a dedicated mentor and an enlightened scientist, Professor Gian Paolo Pessina. 
Gian Paolo passed away on  October 31 at the age of 67, thus ending, at too early an age, a career rich in remark-
able scientific accomplishments and of illuminating mentorship to numerous  students and  young investigators.
I do not intend to talk about Professor Pessina’s  scientific  achievements, which will  be illustrated  by more
prominent  and knowledgeable colleagues. I will limit my contribution, brief but heart-felt, to the human profile

of his personality. I first met Gian Paolo
many years ago during one of the annual
meetings  of the Italian Society of Physiol-
ogy in Florence.  At break time I am always
used to going out to catch some fresh air,
and  in that occasion Gian Paolo was there
too. We introduced ourselves to one another,
and from the very beginning the conversa-
tion went on  in a fluid and sincere manner.
Since  then, a close friendship between the
two  of us and a  mutual respect of each
other’s ideas and concepts were born and
lasted for ever.  Gian Paolo was a wise and
an open-minded man. No matter what the
topic of our talk was (we both were inter-
ested not only in sciences, but also in music,
art, literature, gardening), he never was su-
perficial, but always showed a deep knowl-
edge of what we were discussing  about. I
was always pleased to  exchange opinions
with him.
Before I conclude, let me spend a few words
about the tight relationship between Gian
Paolo and his students and fellows which
delineates more efficiently  the profile of the
man.  In the past, on several occasions  I had
the chance to be in his department when
young investigators and students were dis-
cussing with him matters of mutual interest.
I soon realized that he was highly  appreci-
ated by  all his fellows for his clarity of
thoughts, and his endless pursuit of  excel-
lence. He was a person kind to everybody,
always ready to offer assistance  and ad-
vices, but at the same time he was a severe
and demanding teacher.
Gian Paolo, I and, I am sure,  all who  have
closely interacted with you, will remember
you as a scientist of extraordinary capability
and humanity and a man of ethical integrity
and intellectual honesty. But above all, I
will remember you as a faithful, unforget-
table , really a wonderful friend.

A TRIBUTE TO THE MEMORY OF PROFESSOR GIAN PAOLO PESSINA

Marcella Motta

Department of endocrinology, University of Milan

Figure. Prof. Gian Paolo Pessina.
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Abstract. Learning and memory are fundamental higher brain functions that allow individuals to adapt to the environment,
to build up their own history as unique creatures, to widen the personal cultural background and, ultimately, the population
culture. The molecular and cellular mechanisms that contribute to short- and long-term memory are extremely conserved
across evolution from mollusks to man and among various forms of memory and consist in short-to-long lived rearrangements
in synaptic efficiency and in the structure of neuronal networks.

Key words: synapse, plasticty, learning, memory consolidation, forgetting, future.

InTrODUCTIOn

“To feel today what one felt yesterday isn’t to feel - it’s to re-
member today what was felt yesterday, to be today’s living
corpse of what yesterday was lived and lost” 

Fernando Pessoa (1888-1935)

Memory is commonly seen as a positive ability of
the individual to improve performance, indispensable
for survival and social success. Forgetting, on the
other hand, generally has a negative connotation,
which is often associated with pathological states
and/or aging. This common view is also reflected in
our knowledge of the underlying biological
processes. While thousands of papers have elucidated
the processes of learning and memory from the mo-
lecular and cellular level up to the cognitive and psy-
chological level, relatively few data are available on
the mechanisms of forgetting.

Memory and forgetting are daily processes of life,
which allow us to select from our billions of experiences
those that are the most relevant for our personal history
and our culture. One could say that without forgetting,
memory would be completely useless. This concept is
very well exemplified by the short fantasy story “Funes
el memorioso” by Jorge Luis Borges (1942). Describing
Funes, Borges says: “On falling from the horse, he lost con-
sciousness; when he recovered it, the present was almost intoler-
able it was so rich and bright; the same was true of the most
ancient and most trivial memories. … And now, his perception
and his memory were infallible. … Without effort, he had learned
English, French, Portuguese, Latin. I suspect, nevertheless, that

he was not very capable of thought. To think is to forget a differ-
ence, to generalize, to abstract. In the overly replete world of Funes
there were nothing but details, almost contiguous details. … It oc-
curred to me that each one of my words (each one of my gestures)
would live on in his implacable memory; I was benumbed by the
fear of multiplying superfluous gestures.” The inability to for-
get details prevents the process of generalization that is
necessary for abstract thought and ultimately for making
sense of our experiences.

THe rOOTS OF leArnInG AnD MeMOry
Are AT THe SynAPSeS

“All the psychological matters that we are progressively for-
mulating, will have to rely, one day, on an organic substrate”

S. Freud, Entwurf einer Psychologie, 1895

The major and most distinctive feature of the nervous
system is its astonishing ability to adapt to the environ-
ment and to improve its performance over time and ex-
perience. In 1906 this special/unique property,
collectively named “plasticity”, was precisely defined by
Santiago Ramon y Cajal as “the property by virtue of which
sustained functional changes occur in particular neuronal systems
following the administration of appropriate environmental stim-
uli or the combination of different stimuli”. Since the neural
changes evoked by the stimuli can persist for a very long
time, virtually for the whole life of the individual, neu-
ral plasticity could represent an attractive basis for learn-
ing and memory. Conversely, the built-in property of
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neural plasticity might allow experience to functionally
and structurally shape the nervous system. 

The first assembly of neuronal networks is driven by
genetic factors, i.e. by the size of the physiological tar-
gets and the expression of chemotactic and/or cell ad-
hesion “recognition” proteins whose genes are
specifically transcribed and translated by the various
neuronal populations [1]. After this first gene-driven
developmental period, neuronal circuits are continu-
ously modified and shaped by experience (epigenetic
development): synaptic connections that are scarcely
used become weaker and weaker and eventually dis-
appear, whereas synapses that are heavily used become
stronger and stronger and eventually increase in num-
ber. Synaptic strength can be finely tuned over a short
or even a long time scale by a combination of factors
including previous activity of the network, generation
of second messengers, functional changes in pre- and
post-synaptic proteins as well as regulation of the ex-
pression of genes implicated in growth, survival and
synaptic transmission. This results in changes in the
efficiency of synaptic transmission that can last from a
fraction of a second to minutes in the case of short-term
synaptic plasticity (facilitation or depression) to hours,
days and months in the case of long-term synaptic plas-
ticity (long-term potentiation, long-term depression).
These changes profoundly affect the processing carried
out between input and output information and, ulti-
mately, filter and shape the flow of information within
the neural network. 

Interestingly, after the cornerstone discoveries of
Camillo Golgi and Santiago Ramon y Cajal, but some
50 years before Donald Hebb (1949) formulated the idea
of synaptic plasticity as the basis of psychological func-
tions [2], Sigmund Freud proposed in his Entwurf einer

Psychologie (1895) that the physical structure of memories
consists of a long-lasting activity-dependent modifica-
tion of information transfer between neurons [3-5].
Freud drew attention to the synapse, which he called
“contact barrier”, and to the quantity of information “Qh”
that passes through the synapse during the process of
neural excitation, i.e. the equivalent of synaptic strength
(Figure 1). He identified two types of communication,
that of “permeable or j neurons that behave as if they have no
contact barriers”, (i.e. neurons which transfer information
across the synapse without resistance) and that of “im-
permeabile or y neurons which act in such a way as to permit
only a difficult or partial passage of Qh”. Thus, the activity of
a network depends on the mosaic of facilitated and non-
facilitated barriers since, as Freud says, Qh in an a neuron
will be directed toward a more facilitated barrier... and the higher
Qh during the course of excitation, the greater the facilitation”.
Thus, memories can be represented as sequences of ac-
tivity patterns distributed across a population of neu-
rons, which in turn are associated with a different
subsequent pattern of encoding. During retrieval, a
memory cue may cause neural activity to evolve toward
one of these activity patterns [6].

FOrGeTFUlneSS AnD MeMOry
COnSOlIDATIOn 

“I’ve seen things you people wouldn’t believe. Attack ships on
fire off the shoulder of Orion. I watched C-beams glitter in the
dark near the Tannhauser gate. All those moments will be
lost in time, like tears in rain.”

Ridley Scott, Blade Runner, 1982

Learning induces cellular and molecular changes that

Figure 1. Sigmund Freud and his model drawing of a neural network in which changes in the gain of synaptic connections
(“permeability”) among neurons is predicted to be the basis of learning and memory.
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facilitate or impair communication among neurons and
are fundamental for memory storage. If learning brings
about changes in “synaptic strength” within neuronal
circuits, the persistence of these changes represents the
way memories are stored. Short-term memory is be-
lieved to involve only functional changes in pre-exist-
ing neuronal networks mediated by a fine-tuning of
multiple intracellular signal transductions systems.
These short-lived changes can undergo either of two
processes: either fade out with time (forgetfulness) or
be reinforced and transformed into long-term memory
by a process called memory consolidation. Forgetful-
ness is at least as important as consolidation. Since
only a minimal part of what we perceive is useful, the
brain needs a mechanism to prevent itself from being
burdened by negligible information. To be consoli-
dated, functional changes have to be followed by gene
transcription and protein synthesis that produce per-
manent phenotypic changes in the neuron associated
with structural rearrangements in neuronal networks.
Thus, memory consolidation is abolished by blocking
the synthesis of mRNAs and proteins. Consolidation is
not a high fidelity process: stored memories gradually
change and fade with time and only the most relevant
and useful aspects are retained [7,8]. 

Several molecular actors and biochemical processes
underlie short-term memory processes. Two processes
that appear to be a final common pathway are phos-
phorylation and dephosphorylation of synaptic pro-
teins [9,10]. Phosphorylation has dramatic effects on
proteins’ conformation, interactions and functions.
Thus, the balance between phosphorylation and de-
phosphorylation is tightly regulated in neurons via the
activation of kinase and phosphatase enzymes by spe-
cific intracellular signaling molecules called “second
messengers” that include cyclic AMP and Ca2+. The
finely tuned balance between phosphorylation and de-
phosphorylation has a strong impact on synaptic trans-
mission. Since the activation of the molecules involved
in these signaling pathways can last for minutes, it rep-
resents a sort of short-term “molecular memory” which
can operate as a “push-pull” mechanism playing a key
role in regulating the delicate balance between storage
and disposal of short-term memories [8,9,11-13]. 

These purely functional changes cannot survive for
long times in the absence of a structural rearrangement
of the neurons participating in the modulated synapse.
The sustained activation of the same pathways pro-
motes memory consolidation by affecting gene tran-
scription and translation. Sustained stimulation leads
to persistent activation of kinase pathways that modu-
late the activity of transcription/repression factors. The
CREB family of transcription regulators is highly con-
served across evolution and represents the major
switch involved in the transformation of short-term
memory into long-term memory. The CREB target
genes, whose transcription is regulated during consol-
idation, include a set of immediate-early genes (such

as C/EBP or zif268) that affect transcription of down-
stream genes. This results in changes, either increases
or decreases, in the expression of an array of proteins
involved in protein synthesis, axon growth, synaptic
structure and function [7,14,15]. When synaptic
strength has to be permanently potentiated (long-term
potentiation, LTP), ribosomal proteins, neurotrophins,
Ca2+-binding proteins, proteins involved in the exo-en-
docytic cycle of synaptic vesicles and neurotransmitter
receptors become upregulated, whereas cell adhesion
molecules that usually maintain synaptic stability be-
come downregulated. These specific changes in protein
expression favor growth of terminal axon branches and
establishments of novel synaptic contacts. Opposite
phenomena are believed to occur in the case of long-
term depression (LTD) of synaptic strength, favoring a
decrease in the number of synaptic connections and/or
a decreased activity of the existing synapses. 

These properties were remarkably emphasized by
Donald Hebb who wrote: “when an axon of cell A is near
enough to excite cell B or repeatedly or consistently takes part in
firing it, some growth or metabolic change takes place in one or
both cells such that A’s efficiency, as one of the cells firing B, is
increased” [2,4]. In other words, a “synaptic learning rule”
exists by which synapses learn from the pattern of af-
ferent stimulation and persistently change synaptic
strength accordingly. Although LTP and LTD were
originally referred to specific synapses (in the hip-
pocampus and the cerebellum, respectively), we now
know that virtually every synapse can tune its strength
by entering a potentiated or depressed state that can
last for long periods of time. 

DISTInCT FOrMS OF MeMOry rely
On SIMIlAr CellUlAr MeCHAnISMS

“Without the memories of what was pleasant or unpleasant,
it is not possible to be happy, sad, anguished, one cannot get
angry, infatuated. One could say that an organism is a mem-
ory that acts.”

Henri Laborit (1914-1995)

Two major types of memory exist, one for skills and
one for knowledge. The first one refers to information
storage to perform various reflexive or perceptual tasks
and is also referred to as non-declarative or implicit
memory because it is recalled unconsciously. The sec-
ond form of memory, called declarative or explicit
memory, because it is recalled by a deliberate and con-
scious effort, concerns factual knowledge of persons,
things, notions and places. Declarative memory can be
further subdivided in episodic or autobiographic mem-
ory and semantic memory. 

Neuropsychological studies, pioneered by the Cana-
dian neuropsychologist Brenda Milner, have shown
that the multiple memory systems involve distinct
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brain areas and exhibit distinctive features. Thus, ex-
plicit memory requires an intact medial temporal lobe
(hippocampus), while implicit memory systems are in-
tegrated at various levels in the central nervous system
including reflex pathways, striatum, cerebellum,
amygdala and neocortex. Moreover, the kinetics of the
learning, consolidation and recall phases of memories
is quite different. Implicit memory, e.g. learning to ride
a bike, takes time and many attempts to build up,
while explicit memory, such as learning a page of his-
tory or a telephone number, is more immediate and im-
plies a smaller effort. However, while explicit memory
fades relatively rapidly in the absence of recall and re-
freshing, implicit memory is much more robust and
may last for all our life even in the absence of further
practice [7,16].

The simplest paradigms of implicit memory are ele-
mentary forms of non-associative and associative behav-
iors, which are present in primitive animals. These
paradigms have been effectively studied in mollusks,
particularly the sea snail Aplysia californica, which has a
very simple central nervous system made up of a few
thousands neurons (the human brain in comparison is
made up of about 1011-1012 neurons). Aplysia is able to
learn specific behaviors that, upon practice, can be con-
solidated into long-term memories. The animal progres-
sively learns to respond more weakly to repeated
innocuous stimuli (e.g. a light tactile stimulus), a behav-
ior called habituation, and to reinforce the response to re-
peated noxious stimuli (e.g. a painful electrical shock), a
behavior known as sensitization. In both cases, the synap-
tic efficiency in the integration centre of a sensory-motor
reflex is changed by experience, leading to an increased
response of the reflex in the case of sensitization or to a
reflex inhibition in the case of habituation. Both changes
are integrated at the presynaptic level, mediated by
changes in Ca2+ influx in response to the action poten-
tial. In habituation, Ca2+ influx is decreased into the sen-
sory neuron terminal, resulting in depression of
glutamate release. In sensitization, on the other hand,
the activity of a facilitating serotonergic interneuron in-
duces phosphorylation of a K+ channel and lengthening
of the depolarization, thus increasing the influx of Ca2+

and the release of glutamate (facilitation; 1,7). 
Aplysia also exhibits a more complex form of associa-

tive learning, typical of higher animals, known as clas-
sical conditioning. In this learning paradigm, the
animal is given a strong and painful unconditioned
stimulus (that if administered alone would produce
sensitization) in association with a weak, innocuous,
conditioned stimulus (that if administered alone
would produce habituation). Following the repeated
pairing of these two stimuli over the trials, the animal
learns to associate them and to react to the isolated con-
ditioned stimulus with an enhanced response (greater
than sensitization to the noxious stimulus). Classical
conditioning is reflected in the neural circuitry as a
greatly enhanced synaptic strength of the input connec-

tions between the sensory neuron and the motor neu-
ron. In contrast to non-conditioned learning, this po-
tentiation involves both presynaptic and postsynaptic
mechanisms. The coincidence of the two stimuli is re-
vealed by specific coincidence detectors located on
both sides of the synapse [1,7]. This simple model,
highly conserved phylogenetically, tells us that associ-
ation of events, sensed by synaptic coincidence detec-
tors, generates long-term synaptic changes (such as
LTP) that maintain the associative memory over time.

The studies on the mechanisms involved in explicit
memory are more complex, as explicit memory in-
volves conscious recall and the integration of multiple
sensory inputs. Thus, these studies are not feasible in
invertebrates and lower vertebrates, but instead re-
quire the complexity of the mammalian nervous sys-
tem. Experimental work in rodents and man has
provided strong evidence for the involvement of the
hippocampus in many kinds of explicit memory, and
particularly in spatial memory. The famous case of
Henry Gustav Molaison (the patient H.M.; 1926-2008),
who underwent a bilateral hippocampectomy in 1953
to cure an intractable form of epilepsy, first revealed
that in the absence of the hippocampus we loose the
ability to consolidate new explicit memories (Figure
2). Interestingly, in H.M., short-term memory, old ex-
plicit memories and implicit memory processes were
completely normal. The intuition by Brenda Milner on
the role of hippocampus in the consolidation of new
explicit memories was later confirmed by functional
MRI studies, which demonstrated an activation of the
medial temporal lobe in all tasks in which the subject
memorizes a map or mentally rehearses an itinerary.
Moreover, studies on the rodent hippocampus have re-
vealed the existence of “place cells”, whose firing is pri-
marily controlled by the position of the animal and by
distant visual cues that create an internal representa-
tion of the animal’s location with respect to the sur-
rounding environment [17]. 

The key role of the hippocampus in the formation of
new explicit memories and the fact that this brain area
exhibits the most known and extensively studied form
of synaptic plasticity, namely long-term potentiation
(LTP), has directed research towards the demonstration
of a direct link between LTP and memory [1,7,17,18].
A large number of studies have demonstrated that LTP
is indeed a valid model of “memory storage”: hip-
pocampal LTP can be induced by animal experience
and, conversely, conscious learning is impaired under
conditions in which LTP is impaired or abolished. LTP
has all the features required to be the cellular mecha-
nism of explicit memory as it is associative in nature,
is triggered by the coincidence of events and can be ac-
tivated by endogenous patterns of electrical activity
(e.g. the Q rhythm). The molecular mechanisms that
mediate the generation of hippocampal LTP are sur-
prisingly conserved across evolution and are closely
similar to the mechanisms of associative learning iden-
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tified in invertebrates. Both pre- and post-synaptic
mechanisms participate in the early phase of LTP ex-
pression, while the late phase of LTP involves activa-
tion of transcription factors and regulation of
transcription of the target genes [14,19,20-24].

Memory needs time to be stabilized in the hippocam-
pus before the final storage. In fact, LTP induced by an
experience is inhibited by a novel experience admin-
istered soon after the first one (interference), whereas

an LTP established for more than one hour is immune
to this reversal mechanism. These observations suggest
that the critical event in determining the retention of
information may consist in the stabilization of the po-
tentiated hippocampal synapses in order to resist to
LTP reversal upon new information [19]. Although the
hippocampus is fundamental to the acquisition of new
memories, it appears to be dispensable after the mem-
ory has been fully consolidated. Although patient H.M.

Figure 2. Upper panels: Henry Gustav Molaison (the patient H.M.; 1926-2008) and preparation of sections of his brain embed-
ded in paraffin by the Brain Observatory at the University of California San Diego. Lower panel: The hippocampal formation
stained by the “reazione nera” as it appears in the original drawings by Camillo Golgi (1843-1926).
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was totally unable to lay down new memories, he was
still able to remember his past life preceding the bilat-
eral ablation of the hippocampi. This indicates that per-
manent memories are distributed among different
cortical regions according to the various perceptual fea-
tures (“feature map”) and that these various aspects are
linked in a “master map” so that, upon recall, the differ-
ent components of a memory are bound together to re-
produce the memory in its integrity [25]. It is currently
believed that this memory transfer process occurs
largely during sleep, particularly REM sleep [7,14].
Thus, the hippocampus may represent both the site of
the imprinting of the memory and the temporary store
for this trace during the progressive formation of neo-
cortical memory representations [6].

reCAll AnD reCOnSOlIDATIOn

“Life is not what one lived, but what one remembers and how
one remembers it in order to recount it. The heart’s memory
eliminates the bad and magnifies the good; and thanks to this
artifice we manage to endure the burdens of the past.”

Gabriel Garcia Marquez (1927)

Upon new learning, a short-lived memory (short-term
memory, STM) is formed that can be either stabilized
over the following several hours or pruned out. If this
consolidation process takes place, a long-term memory
(LTM) is formed that is thought to be rather stable over
time and stored as permanent modifications in the
wiring of the brain in modality-specific areas. Tradition-
ally, consolidation has been considered as an event oc-
curring only once in the biological history of a memory,
and recall of a given memory has been often considered
a good exercise against forgetting. However, it has only
recently become clear that retrieval does not directly
reinvigorate memories, rather it makes them return to a
labile state susceptible to disruption and interference
which needs further consolidation (the so-called recon-
solidation process). In the “Invisible Cities” (1993), Italo
Calvino wrote: “Memory’s images, once they are fixed in words,
are erased,” Polo said. “Perhaps I am afraid of losing Venice all
at once, if I speak of it, or perhaps, speaking of other cities, I have
already lost it, little by little.”

This process, originally proposed in the 1960s [26],
has been recently elucidated. Reconsolidation appears
to be a highly dynamic process that occurs every time
memories are reactivated. From a general point of
view, consolidation and reconsolidation should be
considered as part of the fundamental process of
memory stabilization that allows a memory to be pre-
served, recalled and refreshed over the years. It is
commonly found that memories do not remain un-
changed over time, but that they undergo transforma-
tions in their basic elements and emotional content
that have nothing to do with fading. This phenome-

non implies that consolidation that is carried out soon
after the salient experience cannot be the unique
mechanism involved. Rather, reconsolidation pro-
vides a dynamic mechanism for updating and modi-
fying memories while they are recalled. What is
counterintuitive in this general scheme of memory
processes is that a stable memory goes back to a labile
state when it is recalled, that is to say that memory re-
calling is per se an amnesic challenge. However, as
memories are not printed as tracks in a compact disk,
but are dynamically stored as changes in activity pat-
terns of neuronal networks (which in turn depend on
modulation of synaptic strength), it is understandable
that reactivation of these activity patterns during re-
call may change the plastic substrate of the memory,
so that additional plasticity changes are needed to
preserve it (Figure 3). Moreover, the temporal dynam-

Figure 3. Art representation of memory consolidation and
forgetting. The Salvador Dalì’s masterpieces “The persistence of
memory” (1931) and “Disintegration of the persistence of memory”
(1952) suggest that consolidated and reconsolidated memo-
ries change and tend to fade with time.
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ics and the extent by which a memory is deconsoli-
dated upon retrieval strongly depend on the strength
of the initially consolidated trace, on the intensity of
reactivation and on the number of reactivation
episodes over time. As a general rule, stronger mem-
ories are less susceptible to forgetfulness, and the
stronger the reactivation the more labile the memory
becomes. It is as if reactivation subtracts part of the
memory body and the subtracted part has to be “re-
built” by reconsolidation. Interestingly, although
every time a memory is reactivated it regresses to a la-
bile state and needs reconsolidation, each successive
reactivation task requires a progressively smaller re-
consolidation. The memory therefore becomes rather
stable after several cycles, and successive retrieval
episodes will not disrupt the trace; the respective re-
consolidation episodes will only modify it [27-29].

As mentioned above, Consolidation (i.e. the trans-
formation of STM into LTM) requires transcription of
specific genes and protein synthesis and involves an
array of highly conserved signalling pathways that
collectively render the memory resistant to cell
turnover. Distinct areas are engaged over time in a
precise temporal and spatial sequence at both cellular
and systems levels. It is well-known that hippocam-
pus-related memories are hippocampus-dependent
only over a limited period and that at later times they
become hippocampus-independent (remote memo-
ries), indicating that other brain regions connected to
the hippocampus have undergone a sequential mem-
ory imprinting [28,30]. 

As mentioned above, when the memory is reacti-

vated, it regresses to an STM labile state (post-reacti-
vation STM or PR-STM) that is again hippocampus -
dependent and sensitive to interference (Figure 4).
Thus, the memory needs to be reconsolidated in order
to become “post-reactivaton” LTM (PR-LTM). How-
ever, if the memory is not reactivated, it will remain in
a stable state that will slowly fade away over time.
Thus, recall appears to disrupt this process of slow
decay of LTM. While the exact mechanisms of recall are
not fully understood, reconsolidation has been thor-
oughly studied by the use of transcription or transla-
tion inhibitors or of genetically altered mice lacking
specific proteins involved in synaptic plasticity. The
most conservative mechanism that can be envisaged for
memory reconsolidation is that this process employs
the very same molecular mechanisms used for consol-
idation of STM and that both cellular and systems re-
consolidation processes occur. Under conditions of
inhibition of protein synthesis, the functional and
structural changes that mediate LTM become either
dysfunctional or actively removed in 4-24 hours after
reactivation [14,30]. 

Reconsolidation has been found to occur in many
species from invertebrates to vertebrates (including
mammals) and therefore represents a highly conserved
fundamental process in memory storage. To give an ex-
ample, let us have an animal subjected to a classical con-
ditioning trial that, after the memory is fully stabilized,
is exposed to the conditioning stimulus to reactivate the
memory. If the animal is treated with anisomycin in the
reactivation session, it exhibits an intact PR-STM, but
the PR-LTM is markedly impaired. Interestingly, if the

Figure 4. Lifetime and progressive transformations of memory traces. Once short-term memories have been consolidated into
long-term memories, they will slowly fade away, if not recalled. On the contrary, recalled long-term memories destabilize
and need a process of reconsolidation to be preserved. Successive cycles of recall and reconsolidation make the memory more
stable but, at the same time, rearrange and progressively modify the memory trace.
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animal is not challenged for memory reactivation, pro-
tein inhibition is ineffective on the LTM acquired in the
conditioning session, demonstrating that only the reac-
tivated memory becomes sensitive to disruption, unless
synthesis of new proteins is allowed. 

The sensitivity to protein inhibition applies only to a
narrow time window: if the anisomycin “amnesic” treat-
ment is administered several hours after reactivation it
is ineffective, indicating that reconsolidation, like con-
solidation, is a time-dependent mechanism and that the
time needed for reconsolidation is generally shorter that
that needed for consolidation. This picture was observed
in the case of diverse memory paradigms, including con-
textual or fear conditioning, passive avoidance, object
recognition, taste aversion, motor sequence learning, etc.
As for consolidation, reconsolidation is not demon-
strated only in behavioural tasks, but it also has neuro-
physiological correlates. It has been demonstrated that
if anisomycin is given 2 hours after LTP induction, it
does not affect LTP maintenance. The most conservative
explanation is that both consolidation and reconsolida-
tion share the same mechanisms of synaptic rearrange-
ment and permanent tuning of the strength of synaptic
connections. Indeed, this seems to be often the case, al-
though similarities between the two processes are not
complete and important differences exist in either the
molecular actors involved or in the target brain regions
or both [14,28,30].

Recent data have shown that in humans existing de-
clarative memories can be selectively rewritten by
disrupting reconsolidation using a noninvasive re-
trieval–relearning technique. This reconsolidation-as-
sociated amnesia can be achieved 48 hours after
formation of the original memory, but only if relearn-
ing occurs soon after retrieval [31]. These results
demonstrate that also declarative memories, whose
encoding and retrieval rely on a distributed network,
are susceptible to reactivation-induced lability, and
that memory impairment can be obtained in a behav-
ioral paradigm, without the use of pharmacological
agents.

In conclusion, memory recall destabilizes LTM and
poses the need for memory reconsolidation. Successive
cycles of reconsolidation make the memory more sta-
ble, even in the presence of successive retrievals and,
at the same time, rearrange and slowly modify the trace
of the memory so that the most salient and emotionally
significant features are preserved or even enhanced
(Figure 4). Consolidation and reconsolidation often
occur in distinct brain regions or subregions, consistent
with the idea that consolidated memories are sorted to
diverse brain areas, but the molecular mechanisms in-
volved largely overlap.

Figure 5. Integration of past, present and future in the global workspace. Five main specialized elaborators (perception, at-
tention, evaluation, memory, motor output), while working autonomously, are strictly interconnected by long-range intra-
cortical and inter-cortical neurons and form a global workspace that is thought to be the neural correlate of consciousness. In
this workspace, the scanning of time is represented by memory systems (the past), perceptive systems (the present) and
motor systems (the future) [32,33].
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MeMOry AnD THe eXPerIenCe OF TIMe

Time and space are central features of our existence
and our brain needs to build a reference system to orient
the individual in the four dimensions. Remembering the
past or imagining our future are both “time travels” and
“time experiences”. In addition, over our life, the present
time window that separates past and future continu-
ously moves ahead, so that the ratio between future and
past progressively decreases as we get old.

Time, for our brain, is a generalization of successions
of events that we recognize by applying spatial criteria
to temporal sequences. Each event in our life is posi-
tioned along the time axis in association with other
events of our emotional, working and social life, as if it
were a film editing putting together short clips of our
life (autobiographical or episodic memory). We often
switch between space and time and time is often used
to quantify a spatial distance (e.g. the light year, the time
to cover a mountain trail, etc.). We can say that memory
is our past; memory assists our present, by giving us safety
and sense of individuality; and finally that memory is
our future, by allowing our mind to trace a thin line be-
tween past and future and measure the relentless flow-
ing of time of our life. Memory is one of the high order
computational systems that compose the cortical global
workspace from which our consciousness is thought to
emerge [32,33]. The five main elaborators, working au-
tonomously in the field of perception, attention, evalu-
ation, memory, motor output are strictly interconnected
by long-range intra-cortical and inter-cortical neurons.
In this workspace, the sense of time relies on the mem-
ory systems, representing the past, the perceptive sys-
tems, representing the present, and the motor systems,
representing the future (Figure 5).

How fundamental is memory to build up our ability
to imagine and navigate the future? The ability to imag-
ine future scenarios (the episodic thought of the future)
seems to be directly related to our ability to recall past
experiences (our episodic memory), and involves sam-
pling of our memories [34]. Episodic memory emerges
in children at the age of 4-5 years; in parallel, also the
ability of projecting oneself into the future emerges ap-
proximately at the same age, in concert with the ability
to vividly recollect past events [35]. Amnesic patients,
who do not remember single episodes from the past,
cannot project themselves into the future. Although they
understand the concept of time, in the absence of mem-
ories of the past, they cannot undergo a mental time
travel in the future [36]. Patients affected by severe de-
pression experience difficulties in recalling past
episodes of their life; by the same token, they are also
unable to engage episodic future thoughts. Such inabil-
ity to envision a possibly brighter “future” could play a
role in maintaining the depressive state [34].

In fMRI studies, brain regions essential for reinstat-
ing past experiences also play a fundamental role in
constructing future autobiographical episodes. These

brain regions include the occipital cortex, the posterior
cingulate cortex and the medial temporal cortex. These
findings indicate that individuals, in order to generate
and effective and plausible image of the future, have to

Figure 6. The perception of space and time in our mind is
beautifully given in the Umberto Boccioni’s painting series
“States of Mind”: “Those who go” (States of Mind I, 1911; top), “
Those who stay “ (Study, 1911; middle), “Those who stay” (States
of Mind II, 1911; bottom).
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reactivate images and personal events belonging to
their past. In addition, further brain areas are recruited
when mentally rehearsing a future behavioral se-
quence such as the lateral premotor cortex, the poste-
rior cerebellum and the hippocampus [37,38].

The intricate overlap between memory, past and fu-
ture is poetically described in this inspired piece by
the Italian writer Italo Calvino (Invisible Cities, 1993)
about the city of Isidora: “When a man rides a long time
through wild regions, he feels the desire for a city. Finally he
comes to Isidora, a city where the buildings have spiral stair-
cases encrusted with spiral seashells, where perfect telescopes
and violins are made, where the foreigner hesitating between
two women always encounters a third, where cockfights de-
generate into bloody brawls among the bettors. He was think-
ing of all these things when he desired a city. Isidora, therefore,
is the city of his dreams: with one difference. The dreamed-of
city contained him as a young man; he arrives at Isidora in
his old age. In the square there is the wall where the old men
sit and watch the young go by; he is seated in a row with them.
Desires are already memories.” In Isidora, the visitor’s ex-
pectations for the future appear to him as memories
(Figure 6).

COnClUSIOnS

“You have to begin to lose your memory, if only in bits and
pieces, to realize that memory is what makes our lives. Life
without memory is no life at all, just as an intelligence without
the possibility of expression is not really an intelligence. Our
memory is our coherence, our reason, our feeling, even our
action. Without it, we are nothing.”

Luis Buñuel (1900-1983)

Memory is not just an ability to store information,
but the essence of our beings, the basis of our indi-
viduality and our consciousness. Each individual
knows that he/she is unique, not merely because of
his/her external appearance, but because of his/her
personal history, behavior and ability to face daily
life. Learning and memory are achieved by perma-
nently shaping neuronal circuits and inter-neuronal
connections. These modifications are initially labile,
but if they are perceived as useful and salient, then
they are consolidated and eventually reconsolidated
to become a stable memory. However, most of the per-
cept is quickly discarded, in a process of selection:
what we think is relevant is remembered, although it
tends to fade and change with time. Umberto Eco, in
The Mysterious Flame of Queen Loana, wrote: “…memory
acts like a convergent lens in a camera obscura: it focuses every-
thing, and the image that results from it is much more beau-
tiful than the original”. Although many questions
remain open, the astonishing progress in the field of
molecular and cellular neuroscience is greatly con-
tributing to the understanding of the exact role of

gene products and signaling pathways in distinct
processes of memory and forgetting, and it is likely
that within a few years this knowledge will be trans-
lated into the development of novel therapeutic ap-
proaches to memory disorders.
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SeneSCenCe AnD DeATH:
THe SCIenTIFIC POInT OF VIeW

The definition of aging is in itself open to various in-
terpretations, although it may be shared the depiction
of this process as the sum of all the physiological, ge-
netic and molecular changes that occur as time goes, from
fertilization of the oocyte to death. In the 18th century,
Lamarck differentiated two kinds of death: accidental
death (disease, predating and accidents) and natural
death (aging), postulating that aging is due to intrinsic
causes. This theory was compared to the “wear and
tear” model: living bodies get weaker just as a knife’s
edge becomes dulled with use (1).

This means that the normal cellular activity itself is
harmful to the body, and that this leads to its destruc-
tion, both directly and indirectly increased susceptibil-
ity to accidental death (2). The changes due to aging can
be attributed to the natural process of growth, genetic
defects linked to the individual, the relationship be-
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Abstract. Unfortunately or perhaps fortunately, aging is a natural process, associated with a gradual deterioration of biological
and physiological systems (wear and tear) correlated to a chronic inflammation and oxidative stress that represent  its specific
hallmarks. This deterioration is the primary risk factor for major human pathologies, including cancer, diabetes, cardiovascular
disorders, and neurodegenerative diseases.
There must be something both fascinating and intriguing about “old age” if, starting from the  ancient greek and roman
philosophers , poets and writers, up to our days’ authors, so many have literary and poetically investigated and looked into
a future from which you cannot escape, that is old age. The rhetorical figure of the best-known literary scene on the human
immortal hope to reach the myth of the eternal youth, is certainly represented by Dorian Gray. 
Today, the problem should be divided into two components: an  "easier" one, linked to how  you stay young, and a second
(part) "a little '(sic) more complicated" one, referred  to the processes that, by reversing the age-related mechanisms, allows
the organs and tissues to recover the functional status of  the age of twenty.
This review will try to answer with scientific data and a bit of irony to this dilemma. 
Keywords: aging, immortality, rejuvenation.

The one charm about the past is that it is the past 
(O. Wilde “The picture of the Dorian Gray”)

Figure 1. The metaphor of "Wear and tear" theory.
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tween genotype and environment, the development of
disease and aging, which in itself is the greatest risk
factor for disease and death since the age of 28 in devel-
oped countries. Aging is therefore characterized by a
set of changes that increases the risk of illness and
death. A recent definition extends this concept even
further by recognizing aging as a transformation that
involves the body at any time, referring not only to
changes associated with the loss (i.e. to senescence,
which is the most commonly accepted definition for
aging), but also the acquisition of functions (growth
and development). Using this definition, the speed of

aging would be synonymous of the speed of change.
The rate of changing / aging is higher during the fetal
period, when the organism develops from a single cell
(at conception) to complex multicellular organism at
birth. Therefore, the fetal aging would be determined
by factors that regulate the speed of mitogenesis, dif-
ferentiation and cell death and that are responsible for
regulating aging throughout the life cycle (3).

Unfortunately or perhaps fortunately, aging is in a
certain way a natural process, associated with a gradual
deterioration of biological and physiological systems
correlated to a chronic inflammation and oxidative

Figure 2. The path of senescence in poetry...
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stress that represent its specific hallmarks. This deteri-
oration is the primary risk factor for major human
pathologies, including cancer, diabetes, cardiovascular
disorders, and neurodegenerative diseases. (4).

In conclusion, “Wear and tear” may certainly play a
role in the process of aging. Enhanced metabolism of
cells in various organs might result in enhanced cell
damage, e.g. through the formation of free radicals, and
consequently in a shortening of the life span. “The uni-
versality of this phenomenon suggests that the reactions it causes,
are basically the same in every living things. Viewing this process
in the light of present day, free radical and radiation chemistry
of radiobiology, it seems possible that one factor in aging may
be related to deleterious side attack taken by free radicals (which
are normally produced in the course of cellular metabolism) on
cell constituents”(5).

SeneSCenCe In THe lITerAry HISTOry

There must be something both fascinating and in-
triguing about “old age” if, starting from the  ancient
greek and roman philosophers, poets and writers, up
to our days’ authors, so many have literary and poeti-
cally investigated and looked into a future from which
you cannot escape, that is old age.

Old age, “together with childhood, is the most profound sta-
tus man has the chance to live”, this is what Marguerite
Yourcenar says, so why not consider a real privilege to
entirely live this part of human life? 

Of course Dylan Thomas in his “And death shall have no
dominion”(6), expresses   pure poetry and he captures
our sensitiveness through his visionary modern way of
making poetry...

When their bones are picked clean and the clean bones gone,
They shall have stars at elbow and foot; 
Though they go mad they shall be sane,
Though they sink through the sea they shall rise again; 
Though lovers be lost love shall not;  
And death shall have no dominion.

However, if we look back to ancient Greece, we will
discover that the definition of old age and death is
much different. Under this point of view, sentences like
the following one can be read: “old age, dreary and sinister,
old age like illness and enemy, old age like death” and this is
the way history has looked at this stage of life, whose
only merit is “sapientia”, which merely derives from ex-
perience, as Cicero and Terenzio proclaim.

In more recent times (XVI/XVII century), Shake-
speare (7) has no better opinion of old age and death
if, writing about senility, he says….

That time of year thou mayst in me behold 
When yellow leaves, or none, or few, do hang 
Upon those boughs which shake against the cold, 

Bare ruin’d choirs, where late the sweet birds sang. 
In me thou seest the twilight of such day ... (Sonnet 75)

It is still true that old age, senility is a time of sad-
ness, when the body (and too often not only body)
suffers from weakness, illness, deterioration…. and
also the cognitive process changed. About this last
issue, our italian singer and poet Francesco Guccini in
his song “Il vecchio e il bambino” (the old man and the
child) (8), says:

“I vecchi subiscon le ingiurie degli anni,
non sanno distinguere il vero dai sogni,
i vecchi non sanno, nel loro pensiero,
distinguer nei sogni il falso dal vero”.

The old men suffer the ravages of time
They cannot distinguish truth from dreams

And in their thought
They cannot distinguish false from truth

While they dream
(n.d.a.) 

Shall we try to be a bit more optimistic and share the
statement by F. Kafka?

“Youth is happiness because it has the capability of  seeing
beauty. Everyone who is able to maintain the ability of seeing
beauty Shall never become old” (9).

OlD AGe: THe SOCIAl ASPeCT

… nine-tenths of the happiness derived from the state of health
(Schopenhauer)

Old age is defined as the terminal period of life char-
acterized by the gradual slowing of physiological func-
tions and the decay of the body. Try to slow down
aging and stay young you can then understand how to
stay healthy.

Nowadays life expectancy has raised a lot, for exam-
ple compared to 1800 and this is mainly due to the dis-
appearance of many diseases and the availability of
sufficient food (although in many parts of the world
even today people are dying from malnutrition unfor-
tunately).

Every second, there are two more people over sixty.
In the report An Aging World : 2008, by Kevin Kinsella
and Wan He, researchers at the U.S. Census Bureau,
and commissioned by the National Institute on Aging
(NIA) has been made an analysis of the aging of the
global population, from which emerges a element that
has no precedent in history: in less than ten years, for
the first time, the number of people over 65 will exceed
that of children under five (10).

In mid-2008, globally, people aged 65 years were, ac-
cording to estimates, 506 million. From 2007 to 2008,
the elderly population has grown, on average, in the
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world, with 870,000 people every month. In 1990, 26
countries had an aging population of at least two mil-
lion people; in 2008, 38 countries have reached that
threshold and in 2040 could be 72. The research also
points out that it is precisely the people aged 80 years
or more to represent the portion of the population that
is growing rapidly in many countries.

This represents a success, as it means better nutrition,
improved hygiene, medical advances and advances in
the field of education and hides in itself also a big plus,
given the incredible productivity among the over-six-
ties. It is true, we live in a world increasingly older,
but growing old with dignity and accompanied by ap-
propriate services is the challenge to release to the fu-
ture, the only battle that can be won, appropriate for
everyone. The United Nations Fund for Population Ac-
tivities (UNFPA) and the association HelpAge Interna-
tional, presented a report in which it was emphasized
that the aging population is the real common thread
that unites the countries of the planet, showing how
the inevitability of this trend should be taken of the
chest (?) for all levels and turning the challenge into
an opportunity (11).

The aging population is not a bug in the more devel-
oped countries. In fact, according to the United World
Population Division, in the world only Nigeria will not
have an increase in the average age of the population
over the next 10 years. So this is not a trend in the short
or medium term, but a stable trend in which the mar-
keting has to look carefully because new models will
be needed to understand the needs of consumers. Ac-

cording to the United popolation Division, fertility rate
is declining. At the global level it has dropped almost
48% from the ‘50s to today and are expected to con-
tinue to decline by approximately 18% in the next 4
decades. The causes are many : the transition from an
agrarian society to an industrial, urbanization and in-
crease in the level of education, particularly that of
women. In short, modern life does not coincide with a
model of a large family and this has led to a social sit-
uation in which the increase of the older population is
rapidly getting higher than the increase of the younger
population.

SeneSCenCe VerSUS eTernAl yOUTH:
THe MOleCUlAr bIOlOGy

The rhetorical figure of the best-known literary scene
on the human immortal (or immoral?) hope to reach
the myth of the eternal youth, is certainly represented
by Dorian Gray, protagonist of the famous novel (The
picture of Dorian Gray) that Oscar Wilde wrote in 1890
in which beauty becomes an insane rite. The story de-
scribes how a painter, Basil Hallward, fascinated by the
beauty of the young Dorian Gray, his friend, paints his
portrait. While all the young man’s desires are satisfied,
and first of all the desire never to grow old, mysteri-
ously all the signs of life, pleasure, vice and fear deface
the beautiful portrait, leaving Dorian’s own face un-
marked. Like Faust, in return for eternal youth he sells
his soul (12).

Figure 3. Old age is defined as the terminal period...
Figure 4. Schematic representation of GnRH inhibition by
IKKβ/NF-κB.
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Since the imagination of novelists, especially when
describing man’s dreams, often anticipates a truth that
the progress rate makes explicit only later, we went to
look, with great presumption and a hint of interest, at
the scientific existence of such “hope”.

Actually, the problem should be divided into two
components: an “easier” one, linked to how you stay
young, and a second (part) “a little ‘(sic) more compli-
cated” one, referred to the processes that, by reversing the
age-related mechanisms, allows the organs and tissues
to recover the functional status of the age of twenty. 

With regard to the “easy” aspect of the problem, over
the past year some papers that have been immediately
imposed to the expert’s consideration, have appeared
on some of the most famous scientific Journals, 

The first of these concerns the extension, in animals
of most evolutionary complexity, of scientific observa-
tions conducted on two experimental models widely
disseminated in order to determine the life span or life
expectancy, if you prefer, the worm C. elegans and the
fruit fly Drosophila capable to influence, in a certain
way, the environmental effect on genetic lifespan. Ba-
sically, directly or indirectly, in synergy with the in-
sulin-like growth factors, some specific neurons are
able to increase the lifespan blocking the degenerative
processes and effectively opposing the wearing in-
duced by the environment (13,14). Similar mecha-
nisms have been identified in the past year, even in
mammals (mice), due to the research group coordi-
nated by prof. Dongsheng Cai of the Albert Einstein
College of Medicine, NY (USA) which found that the
hypothalamus is a key factor for the progression of
whole-body aging and involves hypothalamic immu-
nity mediated by IKKβ/NF-κB and related microglia-
neuron immune crosstalk. For the scientists of Cai’s
group, the main question is : can the hypothalamus
play a key role in determining control and duration of
senescence ? In addressing this question quite chal-
lenging, the authors started from the consideration that

modifications and/or inflammatory changes in the hy-
pothalamus would regulate the development of differ-
ent multifactorial syndromes such as obesity, metabolic
syndrome, glucose intolerance, hypertension, etc. all
disorders often present in the aging process. Increasing
evidence now suggests that the brain and the immune
system are closely connected and engaged in signifi-
cant crosstalk to maintain homeostasis of the organism.
In fact, immune cells and inflammation mediators in
the CNS are usually linked both in normal and patho-
logical states, while the neurons are able to interact
with and regulate the immune cells (15). Recent data
of Zhang et al. published in May 2013 (16), showed
that the health general state and cognitive abilities of
mice treated with molecules that block the NF-kB ac-
tion via IKKβ inhibition, were improved. Also the
maximum lifespan increased up to 20 percent under
the same conditions. Studies on mechanism of action
of this effect revealed that IKKβ/NF-κB also inhibits
hypothalamus GnRH production. GnRH is a go-
nadotrophin-releasing hormone: a peptide released
from the hypothalamus capable to stimulate the pitu-
itary gland to secrete gonadotrophic hormones whose
production decreases proportionally with the age in-
creasing.

Utilizing the words of prof. Cai it is possible to con-
clude: “in this work, we conceived that the hypothalamus,
which is known to have fundamental roles in growth, develop-
ment, reproduction and metabolism, is also responsible for sys-
temic aging and thus lifespan control. Excitingly, through
activating or inhibiting immune pathway IKKβ/NF-κB in the
hypothalamus of mice, we were able to accelerate or decelerate
aging process, leading to shortened or increased lifespan. Thus,
in line with the literature which appreciated the effects of the
nervous system on lifespan, our findings provide a proof of prin-
ciple to the hypothesis that aging is a life event that is pro-
grammed by the hypothalamus”.

The hypothalamus was already known as a regulator
of a number of neuroendocrine and autonomic func-
tions. Now you will discover that it even induces
aging. Two drug targets can slow down this action.
They have exotic shapes: IKKβ and NF-kB but block-
ing them, the aging process slows.

The second “a little more complicated” component,
is about to reverse the effects of genetic aging reporting
the whole body or any of its individual component, to
the glories of the now extinct past. Also for this prob-
lem, scientific research has shown during the past few
months, a new molecular mechanism able to outline a
new strategy to address the problem.

The main aspect of this point of view concerns the
role played by mitochondria in the progression of the
phenomena that affect aging cell. This organelle, ma-
ternally inherited as an ex parasite in the evolutionary
history of life, contains an own genome capable of col-
laborating with the nuclear genome to ensure energy
and stability to the cell. To determine this, a mitochon-Figure 5. Genetic longevity in IKKβ knockout (p< 0.0002).
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drial mechanism plays a key role, that is represented
by the oxidative phosphorylation, commonly known
as OXPHOS, in managing the processes that involve
the O

2
availability and oxygen utilization and, conse-

quently, the production of reactive oxygen species
(ROS), key factors in determining the biological age of
the cell. 

Normally, the two genomes (nuclear and mitochon-
drial), cooperate in a synergistic way to the construc-
tion of the OXPHOS making it possible a correct
synthesis of ATP. However, with the increasing of age,
the system becomes unbalanced (mitochondrial defi-
ciency) due to the decrease of nuclear factor NAD+, trig-
gering a condition of pseudo hypoxia with consequent
increase of HIF-1. The situation that is formed could be
defined as a “genomic asynchrony” caused by a defi-
ciency of the mitochondrial specific component(s). The
mechanism that we have just described was discovered
by the group of prof. David Sinclair of Harvard Medical
School in Boston and published in Cell last December
(17). The most interesting aspect of the work of Sin-
clair’s group concerns the reversibility of the aging
process. Because the problem is the availability of en-
ergy for cell functions, the Harvard scientists have fo-
cused their attention on skeletal muscle which has a
high consumption (of it ?) for contraction necessity. In
fact, in muscle tissue (that rapidly gets old through a
specific process called sarcopenia), the Harvard’s sci-
entists have shown that if one can increase (by a phar-

macological approach) the level of nuclear NAD+ de-
creased with age, even sarcopenic status can be re-
versed. And so, in two year old mice, the increase of
NAD+ level has brought back the muscle tissue to 15
month mice! It ‘s like a 60 year old man returning to
have the muscles of his 20 years.

Of course, applicative interest for the results obtained
in the Harvard Medical School have indubitable and
could be immediately finalized not just to regain the
lost youth, but also for the treatment of some muscle
diseases such as chronic fatigue syndrome (CFS) de-
scribed as a disease in which “old muscles coexist in
young bodies “ (18).

AnTI-AGInG Or reGenerATIVe MeDICIne?

In recent decades the anti aging therapies involving
different areas of medicine, even if the term anti-aging
is controversial and ambiguous, given that no single
therapy has provided a longevity benefit in humans
(19). In particular, the advancements achieved have
boosted the progressive identification of age-associated
epigenetic changes, amplifying the knowledge on the
molecular basis of ageing and, as consequence of this,
the mechanisms of age-related diseases. Also for this
reason, today we try to provide a definition of anti-
aging medicine as a branch of medicine that can have
as main goal the prevention, diagnosis, and treatment-

Figure 6. Mitochondrial dysfunction is a hallmark of senes-
cence. During aging, there is a specific loss of mitochondrial,
but not nuclear, encoded OXPHOS subunits.

Figure 7. Regenerative capacity of mesenchymal stem cells.
Europe currently leads the world in the therapeutic applica-
tions of stem cells.
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deceleration of the physiological processes associated
with aging. If this is true, then the regenerative medi-
cine bases its existence on research and treatments that
restore damaged tissues (20,21). 

In conclusion, one can assert that the regenerative
medicine and anti-aging medicine are two sides of the
same medal who share a common path by developing
new therapeutic treatments for intractable diseases and
improving the quality of life. 

Today, the promising aspects of regenerative medi-
cine are: the stem cells that have been intensively stud-
ied for their potential applications in clinical medicine
(22), the applications of genetic engineering and ge-
nomic (23) and, last but not least, the use of resources
derived from nanotechnology (24).

However, exceed what is present in the literature, a
clear profile of the anti-aging medicine can be delin-
eated by a list of the topics that will be discussed in
the next 12th Anti-Aging Medicine World Congress
that you will do in Principality of Monaco in the next
April 2014. As shown from the final program of this
Congress, great interest is given to the classical surgery
and aesthetic medicine. However, special attention is
also assigned to regenerative therapies with stem cells
show that have a huge potential role for the develop-
ment of medical applications in the repair and regen-
eration of diseased organs and tissues, especially
during old age (21). Regenerative medicine is one of
the most promising fields of medical research, which
offers the prospect of a reversal of the disease process.
Europe currently leads the world in therapeutic appli-
cations of a number of technologies that fall under the
heading of regenerative medicine. The first European-
developed therapy based on human embryonic stem
cell-based treatments for degenerative eye diseases, is
due to enter the clinic in 2013. 

Stem cells are naturally occurring cells in the body
that have the ability to divide and produce a range of
different cell types. Stem cells are important in the
growth and development of the body, as well as in re-
pair after injury. Despite their promise, however, there
is uncertainty over the possible drawbacks of using
stem cells in medicines. These include unpredictable
and potentially serious risks such as the development
of tumors and rejection by the body (25).

Even if some EU member states and pro-life members
of the European Parliament are lobbying for the existing
restrictive rules on funding embryonic stem cell research,
the Horizon 2020 program provides a strong funding.
The European Commission’s approach to funding regen-
erative medicine research in Horizon 2020 is based on
the assessment that it is potentially a high value technol-
ogy that will deliver life-changing treatments. 

COnClUSIOnS

Today, is it conceivable to think that you can escape
from getting old or, in alternative, to decline very

slowly? Some think that natural-pharmacological
remedies are an attempt to delay aging (or to make it
more attractive). I will mention only some of the most
well known ones: gerovital, melatonin, ginkgo
biloba, ginseng, papaya, atlantic sponges, jellyfish,
GH, DHEA, vitamins, supplements, antioxidants...
and so on. 

However, it is clear that the “mare magnum” of infor-
mation is not supported by scientific basis, since there
aren’t any, but, more simply, by mere market rules that
means the usual unhealthy attitude to generate profit.
In this “mare magnum” illusionists and charlatans who
promise wellness are dramatically increasing, but for-
tunately, beside those, there are many qualified profes-
sionals operating in this field with appropriateness of
resources and knowledge and with reassuring ethic
profiles.

However, the only certain result that the use of such
approaches has reached, has been to increase the
turnover of the commercial system that revolves
around the “Dorian Gray” effect. The sales of anti-
aging, comes to $ 50 billion in 2006 and over 70 bil-
lion in 2009. Today has touched $ 100 billion. Money
are spent on products of limited effectiveness if not
redundant and that, in addition, sometimes have se-
ries of contraindications for the health of the users.
With the aging the joints become stiffer, the height is
reduced, the hair turns white, the skin becomes wrin-
kled and less elastic, the muscles are reduced and the
force of contraction decreases, you become presby-
opic, blood pressure increases and the arteries become
stiffer and you could go on and on. It is obvious that
you cannot stay young forever, but the physical or
psychological deterioration could be delayed and
minimized by taking care of one’s own life and with
the greatest self respect.

Some simple rules applicable to a more natural
lifestyle can be summarized in three main points pro-
vided that the economic resources available are suf-
ficient:

1. MOVE, MOVE, MOVE

2. HEALTHY EATING... not a little or a lot, but good!

3. LOVE... that does not mean only to love.

But if, instead, a little bit of arthritis or back pain
prevent you from moving as you would like to and
the increase in body weight would only aggravate the
situation by significantly limiting the desire to love,
then… let’s LAUGH and let LAUGHING be our
refuge. 

Physiological changes made   by a number of laughs
are comparable to those found as a result of aerobic ac-
tivity without the side “unwanted” effects that this ac-
tivity often acts like muscle tension, muscle pain,
inflammation, etc...

The most obvious benefits of laughter are:
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- Increase in oxygenation of the blood;

- Replacement of the reserve air in the lungs;

- Stimulation of serotonin production;

- Stimulation of endorphin release;

- Stimulation of antibody production;

- Increase of blood circulation organs;

- The improvement of abdominal muscle tone;

- … and much more.

In synthesis, you can continue to consider yourself
young, if you are still able to laugh and smile looking
at your wrinkles, considering them just as signs of life,
to say it with Mark Twain (26):
“Wrinkles should merely indicate where the smiles

have been.”
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Preterm birth can result in significant developmental
disability and several studies have identified Retinopa-
thy of Prematurity (ROP), Bronchopulmonary Dysplasia
(BPD), Necrotizing Enterocolitis (NEC), Patent Ductus
Arteriosus (PDA), Periventricular Leukomalacia (PVL)
and Intraventricular Hemorrhage (IVH) as major causes
of adverse outcome for preterm neonates [1-3].

Preterm birth represents a unique event for the de-
veloping fetus and many important environmental fac-
tors, including inflammation, hypotension and
hypoxemia contributing to morbidity, have been iden-
tified. Following hypoxia, hyperoxia, ischemia and in-
flammation, a cascade of several biochemical events
occurs and the endpoint is free radicals (FRs) overpro-
duction [4-10]. Iron ions, serving as transition metal

molecules catalyzing hydroxyl radical production via
the Fenton reaction and the Haber-Weiss cycle, accu-
mulate in cells, after the occurrence of transient hy-
poxia-ischemia. Iron and FRs may result in DNA
strand breaks[11], protein and lipid peroxidation[12],
cellular inflammation[13] and death[14,15].

In preterm newborns, the overproduction of FRs and
the insufficiency of antioxidant mechanisms result in
oxidative stress (OS). OS induces cellular, tissue and
organ impairment due to the disruption of physiolog-
ical balance between pro-oxidant and anti-oxidant
agents [16].

The sequelae of oxidative injury include conditions
such as of ROP, PVL, BPD, NEC, PDA and IVH [17-24],
representing different facets of the “Free Radical Related
Disease” (FRD). Unfortunately, despite the improve-
ment in perinatal care and survival of premature infants,
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Abstract. Despite recent advances in preterm newborns healthcare, the incidence of neonatal pathologies and disabilities
still remain unacceptable high. The deficiency of antioxidant 
systems and the high free radicals (FRs) production may cause several neonatal diseases, such as Retinopathy of Prematurity
(ROP), Bronchopulmonary Dysplasia (BPD), Necrotizing Enterocolitis (NEC), Patent Ductus Arteriosus (PDA), Periventricular
Leukomalacia (PVL) and Intraventricular Hemorrhage (IVH), representing facets of the ‘Free Radical-Related Diseases’ (FRD).
The aim of this study is to verify the association between FRD and blood levels of reliable oxidative stress (OS) biomarkers
in preterm newborns. We enrolled 178 preterm newborns born consecutively at the General Hospital “Santa Maria alle Scotte”
in Siena, between 23 and 34 weeks (30,36±2.97) of gestational age, with birth-weight from 430 to 2890 grams (1453±593).
After birth, we evaluated in the cord blood the markers of potential risk of OS (Non Protein-Bound Iron, NPBI) and the
markers of FR damage (Total Hydroperoxides, TH; Advanced Oxidation Protein Products, AOPP). For each newborn, we as-
sessed the presence or absence of the following diseases, considering as FRD the presence of one at least: ROP, BPD, NEC,
PDA, PVL, IVH. The univariate logistic regression showed a significant association between FRD and OS related markers.
Risk assessment of FRD was higher in newborns with higher values of each OS marker: respectively TH (OR=1.013, p=0,000),
AOPP (OR=1.017, p=0,036), NPBI (OR=1.077, p=0.039). Perinatal OS exposure is linked to the main diseases of prematurity.
The evaluation of OS biomarkers in preterm newborns through the analysis of umbilical cord blood, can be useful and pre-
dictive for early identification of infants at risk for FRD in order to devise appropriate and timely prevention and treating
strategies. 

Key words: preterm newborns, oxidative stress, free radical-related diseases, biomarker.

Abbreviations: Free Radicals (FRs), Free Radical-Related Diseases (FRD), Retinopathy of Prematurity (ROP), Bronchopul-
monary Dysplasia (BPD), Necrotizing Enterocolitis (NEC), Patent Ductus Arteriosus (PDA), Periventricular Leukomalacia
(PVL), Intraventricular Hemorrhage (IVH), Oxidative Stress (OS), NonProtein-Bound Iron (NPBI), Total Hydroperoxides
(TH), Advanced Oxidation Protein Products (AOPP). 
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the incidence and severity of these diseases is still high.
FRD prevention and early diagnosis, through the de-

tection of specific biomarkers, are useful to improve
short and long term outcomes in premature infants.

This study tests the hypothesis that levels of OS bio-
markers early assessed in cord blood of preterm new-
borns may predict the later onset of FRD. 

MeTHODS

One hundred and eighty-nine preterm newborns born
consecutively at the General Hospital “Santa Maria alle
Scotte” in Siena from 1/1/2006 to 1/1/2009 were en-
rolled. Newborns with major congenital malformations,
inborn errors of metabolism, incompatibility group were
excluded from the study. Eleven babies died soon after
birth. Thus the final neonatal cohort consisted of 178 ba-
bies with a gestational age (GA) between 23 and 34
weeks (mean: 30,36±2,97) and birth weight (BW) be-
tween 430 and 2890 grams (mean: 1453±593). He-
parinized blood samples were drawn from the umbilical
vein after cord clamping immediately after delivery.
Complete blood cell count and gas analysis were per-
formed. Variables selected for statistical evaluation were:
GA; BW; presence/absence and type of pathology (IVH,
BPD, PDA, PVL, NEC and ROP); markers of OS potential
risk non-protein bound iron, NPBI) and markers of OS-
linked damage (total hydroperoxides, TH; advanced ox-
idation protein products, AOPP) were assessed. NPBI,
being redox cycling active, has pro-oxidant properties be-
cause it can enter in Fenton reaction producing hydroxyl
radical, the most oxidant molecule in biological systems.
TH are indices of overall FRs attack, because they are in-
dicative of intermediate oxidative products of lipids, pep-
tides and amino acids. AOPP are terminal products of
protein exposure to FRs without oxidant properties [25].

To avoid storage effects, all analyses were carried out
in plasma within 2 h of blood sampling. NPBI plasma
levels were detected by HPLC using the method de-
scribed by Kime and colleagues, but with some modi-
fications[25]. NPBI and AOPP assays were performed

in duplicate to avoid methodological variations. AOPP
were measured as described by Witko-Sarsat and col-
leagues using spectrophotometry on a microplate
reader. TH production was measured with the d-ROMs
Kit (Diacron Srl, Grosseto, Italy) [25].

Brain ultrasonography was performed within 48 h after
birth with real-time ultrasound machine with transducer
frequency emission of 7.5 mHz (Interspec Apogee, Milan,
Italy) in all preterm newborns. The scans were repeated
serially according to clinical conditions and at least every
5 or 6 days until a mean postmenstrual age of 40 weeks
to check for IVH according to Perlman et al.[26]. The oc-
currence of IVH was diagnosed according to Papile et al.
[27]. Ophthalmoscopic evaluations were scheduled in all
infants with less than 32 weeks and in all who needed
O2 therapy; checks were then repeated weekly until reti-
nal maturation. Bronchopulmonary dysplasia was de-
fined as the need for supplemental oxygen at 36 weeks’
postmenstrual age, in agreement with the new classifica-
tion system [28]. The NEC diagnosis was based on the
discovery of some radiographic findings such as intestinal
dilation, ileus and intestinal pneumatosis, in combination
with clinical and laboratory signs and symptoms [29].
Clinical management was the same for all infants. Clini-
cians were blind to the laboratory test results.

Statistical analysis
Associations between FRD presence/absence and the

OS markers were analyzed first through descriptive and
then inferential analysis. Summary statistics of data were
expressed as mean (with SD), minimum and maximum
for descriptive analysis of continuous variables, whereas
categorical variables were reported absolute frequencies
(Table 1). Logistic univariate regression was chosen as
inferential analysis, instead of multivariate logistic re-
gression for the lack of data, and the relation between
the presence/absence at least one of FRD as a dependent
variable and each OS marker as an independent variable
was checked. Through the logistic model it is possible to
calculate significance (p value) and exponential or odds
ratio (Exp B). A p-value less than 0.05 was considered sig-
nificant. This was useful to show if the increase of OS

Table 1. Characteristics of study-group.

Discharge out come Mean±SD range (min-max)

GA (weeks) Normal and affected infants 30,36±2.97 23-34

Birth weight (g) Normal and affected infants 1453.11±593.54 430-2890

AOPP (μmol/L) Affected infants 17,192±11,1054 0-43
Normal infants 11,181±5,8186 0-26

TH (UCARR/L) Affected infants 105,58±89,525 15-333
Normal infants 81,44±34,54 8-161

NPBI (μmol/L) Affected infants 4,6732±5,79042 0-28,98
Normal infants 2,1503±3,58823 0-26,21
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marker values in cord blood was a risk factor for the de-
velopment of such pathologies. The above tests were per-
formed using the SPSS V.20 for Windows statistical
package (SPSS Inc, Chicago, IL, USA).

reSUlTS

A summary of study-group characteristics with con-
centration mean of OS biomarkers in sick and healthy
newborns has been reported in Table 1.

Table 2 shows frequencies and relative percentages
of each disease considered within FRD, defined as the
presence of at least one of such pathologies.

Descriptive analysis showed that affected babies had
higher means of TH, AOPP and NPBI (Table 1). Uni-
variate logistic regression gives significant p values for
each marker we evaluated (NPBI: p= 0,039, OR=1,077;
AOPP: p=0,036, OR=1,017; TH: p=0,000, OR=1,013).
Especially, NPBI seems to be the best predictor marker
of OS (Table 3). 

DISCUSSIOn AnD COnClUSIOnS

Although neonatal pathologies have multiple causes,
FRs damage is widely recognized as main aethiopath-
ogenic mechanism[5,6]. 

Oxygen and derived metabolites, collectively termed
reactive oxygen (ROS) and reactive nitrogen species
(RNS), are persistently produced in aerobic organisms. 

When generated in excess, ROS mutilate molecules and
are important mediators of cell and tissue damage [30,31]. 

FRs are highly unstable and normally their formation
is controlled by several beneficial compounds known
as antioxidants; these protective molecules are part of
the antioxidant defence system. There is a critical bal-
ance between FRs generation and antioxidant de-
fences: when FRs production is exacerbated or
scavenging insufficient, dysregulation of many biolog-
ical processes occurs. FRs lead to the oxidation of
lipids, proteins, polysaccharides and to DNA damage
(fragmentation, base modifications and strand breaks);
as a consequence, radicals have a wide range of biolog-
ically toxic effects. Newborns, especially if born pre-
maturely, are very susceptible to free radical oxidative
damage, for many reason: (a) infants at birth are natu-
rally exposed to the hyperoxic challenge due to the
transition from the hypoxic intrauterine environment
to extrauterine life and this gap is even more signifi-
cant for newborns that require supplemental oxygen
during resuscitation in the delivery room; (b) they are
more susceptible to infection, especially if born prema-
turely; (c) the antioxidant defences are reduced ; (d) the
high levels of free iron enhances the Fenton reaction
causing the production of highly toxic radicals [24]. OS
likely contributes to the severity of several newborn
diseases, that represent facets of “Free radical diseases
of neonate.” The concept implies that OS affects a va-
riety of organs, often simultaneously, and gives rise to
different signs according to the organ most damaged
[32-34]. This means that the above-mentioned condi-
tions are not different disease entities but are simply
different organ manifestations of the same complex
processes of OS and metabolism.

Previous our studies showed that intrauterine
growht restriction, low birth weight, premature rup-
ture of membranes and preterm delivery itself may
occur as consequence OS injury, resulting as an early
exposure to FRs during pregnancy[35]. Moreover, a di-
rect relationship between hypoxia levels and FRs pro-
duction in fetal life has been demonstrate[4,36]. 

In this study we found a significant association be-
tween OS biomarkers and neonatal diseases, showing
that OS is an important risk factor for neonatal FRD.
In particular, our data showed that the risk of develop-
ing FRD is increased in babies with high levels of TH,
AOPP and above all NPBI in cord blood. The evalua-
tion of samples from the umbilical cord blood at birth
is meaningful, showing that neonatal pathologies are
linked to FRs injury already in womb.

Especially, we pointed out the stronger association be-
tween FRD and NPBI levels than other biomarkers, un-
derlining the role of NPBI as the best predictor of OS. 

Therefore, the evaluation of OS biomarkers assess-
ment can be considered as an useful device in the early

Table 2. FRD frequencies and respective percentages in study
population.

Disease number of cases (%)

NEC 7 (3,9%)

ROP 16 (9%)

PDA 45 (25,3%)

BPD 18(10,1%)

PVL 8 (4,5%)

IVH 1° 26 (14,6%)

IVH 2° 6 (3,4%)

IVH 3° 9 (5,1%)

Table 3. Inferential analysis results: p values and ORs for each
markers evaluated.

Marker P value Odds ratio

NPBI 0,039 1,077

AOPP 0,036 1,017

TH 0,000 1,013
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identification of FRD risk in newborns, in order to allow
appropriate treatments and timely prevention strategies.
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InTrODUCTIOn

Advances in perinatal care have led to an increase in
the survival rates of very low birth weight (VLBW)
newborns but have also increased the risk of long-term
sequelae, such as neurodevelopmental impairment and
behavioral or emotional disturbance[1]. Of concern re-
mains the relatively high proportion of VLBW infants
surviving with significant problems in language, cogni-
tive and motor skills that persist throughout childhood,
needing special education placement [2,3,4]. The preva-
lence of disability in preterm mades important to assess
neurodevelpmental at a later age, when the degree of
disability can be more clearly defined and is more likely
to be predictive of problems that will continue through-

out childhood and into later life. Standardized develop-
mental assessment is ideally suited to the identification,
quantification, and monitoring of children with devel-
opmental difficulties [5]. The Bayley Scales of Infant De-
velopment-IIIed (BSID-IIIed) are the most frequently
used for the determination and quantification of
progress of high-risk infants [6,7]. The aim of the pres-
ent study was to investigate neurodevelopmental out-
comes at 3 years in a cohort of preterm infants born at
gestational age (GA) ≤32 weeks by using the BSID-IIIed.

MeTHODS

This study included all premature infants with a ges-
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Abstract. Advances in perinatal care have led to an increase in survival of preterm children but have also increased the risk
of long-term sequelae, like neurodevelopmental impairment and behavioral or emotional disturbance. To investigate neu-
rodevelopmental patterns of preterm infants born at S. Maria alle Scotte Hospital, Siena, Italy. 128 babies with gestational
age (GA) ≤32 weeks were admitted in 2006-2008 to Siena Hospital; 105 infants survived and were followed until three years
of age, corrected for prematurity. Neurodevelopmental follow up was performed using Bayley scale of Infant and Toddler
Development IIIed that consisted of five scales: Cognitive (CS), Language (LS), Motor (MS), Social-Emotional (SES) and
Adaptive Behavior Scale (ABS). Intraventricular haemorrhage (IVH) was associated with lower motor score (P<0,001). Babies
with retinopathy of prematurity (ROP) showed a lower score in CS, LS, MS and SES Bayley’s items (respectively p≤0,01;
p≤0,05; p≤0,01; p≤0,05). Multiple regression analysis indicated as predictors of neurological outcome: gestational age (GA)
for poor cognitive (p=0,016), language (p=0,004) and social-emotional development (p<0,0001), IVH for poor motor
(p<0,0001) and adaptive behavior development (p<0,0001), twinship for better language (p=0,001) and social-emotional de-
velopment (p=0,003). Bronchopulmoanry dyspasia (BPD) and patent ductus arteriosus (PDA) had a negative effect on re-
spectively cognitive development (p=0,049) and social-emotional development (p=0,023). ROP, BPD, IVH, PDA, and GA
significantly contributes to poor neurological outcome in preterm infants. BPD and IVH are the best predictors being associated
with the lowest scores at Bayley scales. Surprisingly, twinship appeared to be a protective factor.
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tational ages between 23 0/7 and 316/7 weeks born in the
Department of Paediatrics Obstetrics and Reproductive
Medicine of the Hospital “S. Maria alle Scotte” of
Siena, Italy, between April 1, 2006 and February 29,
2008, who were admitted to the NICU. Newborns with
major congenital malformations, inborn errors of me-
tabolism, incompatibility group, severe sensory im-
pairment or with severe neuromotor deficiency, with
blindness or deafness were excluded from the study.
The final 3-year cohort comprised 128 children. Of
these, 23 died soon after birth, 8 were lost to follow-
up; 9 were excluded because severely impaired. Of the
remaining 88 children, 3 could not be traced or had
moved abroad, the parents of 5 children declined to
participate, and there were no BSID-IIIed data available
for 7 children due to follow-up elsewhere. The popu-
lation studied had postmenstrual age 28+5 weeks mean
(range 23+0 – 32+0) birth-weight (BW) 1169 g mean
(range 530-2310 g). Perinatal characteristics of children
were recorded through patient’s summary clinical chart
with the objective to identify the presence of prematu-
rity complication. We assessed the presence of IVH,
BPD, PVL, ROP and PDA. After discharge, children
were included in a follow-up program for an early
identification of neurodevelopmental impairment. 

Brain ultrasonography was performed in all inten-
sive care units within 48 h after birth with real-time
ultrasound machine with transducer frequency emis-
sion of 7.5 mHz in all preterm newborns. The scans
were repeated serially at 5 or 6 day intervals until a
mean postmenstrual age of 40 weeks to check for IVH.
The occurrence of IVH was diagnosed according to
Volpe’s classification [8]. PLV was diagnosed by per-
sistent diffuse periventricular hyperechogenicity for
more than 7 days, or by periventricular cysts. BPD was
defined, as an oxygen requirement and the presence of
radiographic abnormalities at 36 weeks postmenstrual
age [9]. All children were screened for ROP. Ophthal-
mologists were skilled in the identification of ROP in-
cluding location and staging as described in the
International Classification of Retinopathy of Prema-
turity revisited [10]. PDA was diagnosed echocardio-
graphically: a left atrium–to–aortic root diameter ratio
of 1.4 in the parasternal long-axis view, a DA diameter
of 1.4 mm/kg body weight, left ventricular enlarge-
ment, and holodiastolic flow reversal in the descending
aorta indicated a significant PDA shunt [11]. 

After discharge, neurodevelopmental examination
was routinely performed by experienced developmental
pediatricians at 36 months’ corrected age at the neonatal
follow-up center. Age was corrected for preterm birth to
be consistent with assessments of earlier cohorts and to
avoid bias in the cognitive test scores [12]. Children
with severe sensory impairment or with severe neuro-
motor deficiency were excluded because they were un-
able to complete the test. Neurodevelopment was
assessed using the The Bayley Scale of Infant and Tod-
dler Development-Third Edition (BSID-IIIed).

BSID-IIIed is an individually administered examina-
tion assessing the developmental function of infants
from 1 month to 4 year of age. It was developed by Bay-
ley in 1969, revised in 1993 (BSID-IIed) and in the 2006
(BSID-IIIed). The BSID-IIIed consists of five scales: the
Language Scale (LS), the Cognitive Scale (CS), the
Motor Scale (MS), the Social-Emotional Scale (SES) and
the Adaptive Behavior Scale (ABS). The LS is formed by
two subtest: Receptive and Expressive Communication,
because these two language’s aspects require different
abilities and can develop independently. Similarly, the
MS includes the subtest: Gross Motor and Fine Motor
[6,7]. The five scales have a standardization mean of 100
and standard deviation of 15 points. Development was
considered severely impaired if the scores were less than
55, moderately impaired if they were 55 to 69, and
mildly impaired if they were 70 to 84. Scores over 100
indicated advanced development for age. We used the
U.S standardization norms (bayley), with a mean of 100
and standard deviation of 15. 

The data were analyzed with the SPSS software for
Windows. The results obtained from 5 Bayley Scales
were compared in relation to the risk factors, using the
the non-parametric test of Kruskall-Wallis, with Bon-
ferroni correction for the multiple comparisons. All sta-
tistical tests were two tailed with significance level
a=0,05. Multiple regression (method: Stepwise) was
used to compare the results of Bayley Scales and to
highlight possible and best predictors of neurodevel-
opmental impairment.

reSUlTS

The characteristics of study population are described
in Table 1. Table 2 reports frequency and differences of
mean Bayley Scales score in relation to characteristics
of preterm babies.

Cognitive scale
The cognitive score average over the whole sample

was 95,7 (SD=7,3). Statistically significant differences
were found between children of GA ≤ or >28 weeks; the
latter reported a score of 4,8 points higher than the first
(p ≤0,01); also the birth weight and the type of preg-
nancy can determine different outcomes: children whose
birth weight was ≤1000g had a score of 5,2 points lower
than those whose birth weight was >1500 g (p ≤0,05)
and babies born from multiple pregnancies had a score
of 5,1 points higher than that of children born from sin-
gle pregnancy (p ≤0,05). Children with 3rd-4th grade IVH
obtained a score of 10,9 points lower than those without
IVH (p ≤0,01); children with BPD reported a score of 8
points lower than children without BPD (p ≤0,01) and
children with ROP obtained a score of 5,5 points lower
than those without ROP (p ≤0,01). 

In relation to the variables presence/absence of PDA,
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PVL and IUGR statistically significant difference was
not observed (Figure 1).

Males scores were higher than females (points=1,3
but the difference between the two groups was not sta-
tistically significant.

Lauguage scale
The language score average over the whole sample

was 97 (SD=9). Statistically significant differences
were observed in relation to GA and type of pregnancy:
children of GA ≤28 weeks reported a score of 4,5 points
lower than children of GA >28 weeks (p ≤0,01) and ba-
bies born from multiple pregnancies had a score of 8,7
points higher than that of children born from single
pregnancy (p ≤0,01).

Even for language scale IVH, BPD and ROP resulted
associated with a worse outcome: children with IVH
grade 3 or 4 obtained a score of 9,7 points lower than
those without IVH (p ≤0,01). children with BPD re-
ported a score of 8 points lower than children without
BPD (p ≤0,01); and children with ROP obtained a score
of 4,4 points lower than those without ROP (p ≤0,05).

Motor scale
The motor score average over the whole sample was

97 (SD=9). 
Children of GA ≤28 weeks reported a score of 4,6

points lower than children of GA >28 weeks p ≤0,01).
Babies from multiple pregnancies showed score of 5,1
points higher than children from single pregnancy p
≤0,05). Children with IVH grade 3 or 4 obtained a score
of 13,4 points lower than those without IVH p ≤0,001).
Children with BPD reported a score of 7,9 points lower
than children without BPD p ≤0,01). Children with
ROP have obtained a score of 6,4 points lower than
those without ROP, p ≤0,01).

Social-emotional scale
The social-emotional score average over the whole

sample was 96 (SD=10). Significant differences were
found in relation to GA: (GA ≤28 weeks vs GA >28
weeks, score of 6,2 points lower in the first, p ≤0,001);
BW (BW ≤1000g vs BW >1500 g (score 4,4 points lower
in the first, p ≤0,05); type of pregnancy (multiple preg-
nancies vs single pregnancy, score of 7,1 points higher
in the first, p ≤0,01); IVH (IVH 3-4 vs no IVH, score of
13,2 points lower in the first, p ≤0,001); BPD (BPD vs
no BPD, score of 11,2 points lower in the first, p
≤0,001); ROP (ROP vs no ROP: score of 5,2 points
lower in the first p ≤0,05).

Adaptive behavior scale
The adaptative behavior score average over the whole

sample was 96 (SD=9). Significant differences were
found in relation to: GA (GA ≤28 weeks vs GA >28
weeks, score of 5,4 points lower in the first, p ≤0,01);
BW: (BW≤1000g vs BW >1500 g, score of 7,1 points lower
in the first, p ≤0,05); type of pregnancy (multiple preg-
nancies vs single pregnancy, score of 5,3 points higher in
the first, p ≤0,01); IVH (IVH 3-4 vs no IVH, score of 11

Table 1. General characteristics of the study subjects

Male 52,3% (n=34)

Female 47,7% (n=31)

Multiple pregnancy 26,2% (n=17 twins)

Single pregnancy 73,8% (n=48)

GA ≤26 weeks 21% (n=14)

27 weeks ≤GA ≤29 weeks 35,4% (n=23)

30 weeks ≤GA ≤32 weeks 43,1% (n=28)

Birth-weight ≤1000 g 43,1% (n=28)

1000 g <Birth-weight ≤1500 g 33,8% (n=22)

Birth-weight >1500 g 23,1% (n=15) 

IUGR 14% (n=9)

PVL 9% (n=6)

ROP 22% (n=14)

BPD 17% (n=11)

PDA 62% (n=40)

IVH 28% (n=18)
- 1st grade 3,1% (n=2)
- 2nd grade 13,9% (n=9)
- 3rd grade 1,5% (n=1)
- 4th grade 9,2% (n=6) Figure 1. Neonatal morbidity 
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points lower in the first, p ≤0,001); BPD (BPD vs no BPD,
score of 8,9 points lower in the first, p ≤0,001).

Language outcome, motor outcome, social-emotional
outcome, and adaptive behavior outcome, males scores
resulted higher than females but the difference be-
tween the two groups was not statistically significant. 

Multiple regression analysis
The multiple regression analysis was constructed with

stepwise method to find, among the risk factors, the best
predictors to describe each outcome of Bayley Scales
(Table 3). It showed that: cognitive development is in-
fluenced by GA (for each additional week the score in-
creases by 0,91 points) and significance BPD (BPD

decreases the score of 4,91 points) with statistically sig-
nificative difference (p=0,016 and p=0,049 respectively).
Language development is influenced by GA (for each
additional week the score increases of 1.13 points) and
multiple pregnancy (twinship increases the score of 7.7
points) with statistically significative difference
(p=0,004 and p=0,001 respectively). The presence of
IVH of any grade decreases the score of 10,43 points (p
<0,0001). GA for each additional week increases the
motor development score of 1,56 points (p <0,0001);
twinship increases the score of 6,56 points (p=0,003);
PDA decreases the score of 4,63 points (p=0,023). The
presence of IVH of any grade decreases the Adaptative
Behavior score of 9,06 points (p <0,0001). 

Table 2. Frequency and differences of mean Bayley Scales score in relation to characteristics of preterm babies. 

Charateristics n° of CS lS MS SeS AbS
of preterm preterm Mean Difference Mean Difference Mean Difference Mean Difference Mean Difference

(SD) in means (SD) in means (SD) in means (SD) in means (SD) in means (SD) in means

Sex
-male 34 96,3 (6,4) 1,3 97,0 (7,4) 0,70 97,0 (8,9) 1,00 95,9 (9,1) -0,70 96,5 (9,3) 2,00
-female— 31 95,0 (8,2) – 96,3 (10,7) – 96,0 (8,7) – 96,6 (10,1) – 94,5 (8,9) –

GA (weeks)
- <28 30 93,1 (8,0)# -4,8 94,2 (8,7)# -4,50 94,1 (10,0)# -4,60 92,9 (11,4) -6,20 92,7 (9,2)# -5,40
- >28— 35 97,9 (6,1) – 98,7 (9,0) – 98,6 (7,1) – 99,1 (6,2) – 98,1 (8,6) –

Birth-weight (g)
- <1000 28 93,8 (8,1)δ -5,2 95,1 (8,8) -4,60 95,1 (9,7) -4,10 93,6 (11,1)δ -4,40 92,3 (8,6)δ -7,10
-1000<g>1500 22 96,0 (7,0) -3 96,4 (11,0) -3,30 96,3 (7,8) -2,90 96,6 (8,3) -4,10 97,0 (8,0) -2,40
- >1500— 15 99,0 (5,0) – 99,7 (5,5) – 99,2 (8,0) – 100,7 (5,7) – 99,4 (10,1) –

Pregnancy
- multiple 17 99,4 (5,9)δ 5,1 103,0 (10,7)# 8,70 100,2 (8,7)δ 5,10 101,4 (8,2)# 7,10 99,4 (5,7)# 5,30
- single— 48 94,3 (7,4) – 94,3 (7,3) – 95,1 (8,5) – 94,3 (9,2) – 94,1 (9,9) –

IVH
- grade 3-4 7 86,4 (8,0)# -10,9 88,6 (8,1)δ -9,70 85,9 (6,2) -13,40 85,7 (6,1) -13,20 87,1 (7,3) -11,00
- grade 1-2 11 94,6 (4,7) -2,7 94,7 (3,6) -3,60 91,0 (7,7) -8,30 91,9 (7,8) -7,00 89,8 (6,3) -8,30
- no— 47 97,3 (6,7) – 98,3 (9,4) – 99,3 (7,5) – 98,9 (8,9) – 98,1 (8,8) –

BPD
- yes 11 89,0 (7,4)# -8 90,0 (6,4)# -8,00 90,0 (8,7)# -7,90 86,9 (10,8) -11,2 88,1 (10,4) -8,90
- no— 54 97,0 (6,6) – 98,0 (9,0) – 97,9 (8,2) – 98,1 (8,0) – 97,0 (8,3) –

PDA
- yes 40 94,8 (7,8) -2,4 95,8 (9,7) -2,20 95,1 (8,3) -3,60 94,2 (9,6) -5,20 93,8 (8,0) -4,80
- no— 25 97,2 (6,3) – 98,0 (8,0) – 98,7 (9,2) – 99,4 (8,5) – 98,6 (10,4) –

IUGR
- yes 9 96,1 (6,0) 0,4 95,2 (6,8) -1,70 95,3 (7,6) -1,40 96,0 (5,9) -0,20 94,2 (4,9) -1,60
- no— 56 95,7 (7,6) – 96,9 (9,4) – 96,7 (8,9) – 96,2 (10,0) – 95,8 (9,8) –

PVL
- yes 6 94,2 (4,9) -1,7 94,1 (4,0) -2,90 91,0 (6,9) -6,00 91,7 (7,5) -5,00 92,7 (5,7) -3,20
- no— 59 95,9 (7,6) – 97,0 (9,4) – 97,0 (8,8) – 96,7 (9,6) – 95,9 (9,5) –

ROP 
- yes 14 91,4 (9,7)# -5,5 93,2 (9,7)δ -4,40 91,5 (10,4)# -6,40 92,1 (11,8)δ -5,20 91,1 (10,1) -5,70
- no— 51 96,9 (6,2) – 97,6 (8,7) – 97,9 (7,8) – 97,3 (8,6) – 96,8 (8,7) –

—Reference category; δKruskall Wallis Test, p<0,05; #Kruskall Wallis Test, p≤0,01; Kruskall Wallis Test, p≤0,001.
In BOLD differences statistically significant (Bonferroni correction for multiple comparisons) for birth-weight and IVH variables.
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DISCUSSIOn

In this study we intended to ascertain the long-term
effects of prematurity by means of a follow-up program
from discharge to the end of developmental age with
the aim not to miss subject with “minimal brain dam-
age”. The results showed very encouraging results
compared to those presented in literature [13-17]. 

The majority of children reported, for each scale, a
score between 85 and 114, indicating a performance
within normal limits. Scores slightly below normal
(between 70 and 84, as -1 SD) were achieved in 4 chil-
dren for cognitive scale, 6 children for  language scale,
5 children for motor scale, 7 children for social-emo-
tional scale and 6 children for adaptive behavior scale.
No child reported a moderate or severe delay in the ac-
quisition of developmental milestones. This suggests
that institutional protocols, such as a strict control of
oxygen in delivery room, if applied correctly, can sig-
nificantly reduce neonatal diseases.

The lack of difference of language, motor, social-emo-
tional and adaptive behavior outcome between males
and females is in contrast with literature’s data [18,19].
The differences observed in all 5 scales between children
of GA<28 weeks and GA>28 weeks, confirm that the
first are at increased risk of long-term sequelae and
therefore require more attention, not only during hospi-
talization period but also during childhood [14,15,20].
Besides, the differences between the three BW categories

analyzed are slighter evident, demonstrating that GA is
the variable that best describes the degree of maturity
[21-23]. Interestingly, twins and triplets of our popula-
tion obtained higher scores in all scales, especially in lan-
guage and social-emotional scales. This could be
completely random or reflect greater attention from the
parents of the twins in the care of their children and, per-
haps, a higher social-economic level. The data reported
in the literature about twins outcome are discordant
[24,25]. BPD and IVH were associated with low score in
all the scales. Especially IVH (3rd and 4th grade) deter-
mined a significant decrease in the motor scale score
(–13,4 points). ROP decreased equally all outcomes ex-
amined but less than the diseases mentioned above.
Multiple regression models confirmed that the best pre-
dictors of neurological outcome are GA for poor cogni-
tive, language and social-emotional development, IVH
for poor motor and adaptive behavior development, and
twinship for better language and social-emotional devel-
opment. Moreover, BPD and PDA had a negative effect
on cognitive and social-emotional development.

In conclusions, the data analysis allowed identifica-
tion of a set of predictors useful to identify children at
high risk of worst neurological outcome. The results un-
derlines the importance of follow-up programs to mon-
itor children at risk of neurological damage and to early
identify those who need special attention. An appropri-
ate follow-up is important to plan interventions improv-
ing long-term cognitive and behavioral outcome [26]. 

Table 3. Summary of Multiple Regression* Analyses for predictors of Bayley Scales Score.

OUTCOMe variables

PreDICTOrS CS lS MS SeS AbS

r2=0,27 r2=0,24 r2=0,28 r2=0,34 r2=0,30

b (CI 95%) b (CI 95%) b (CI 95%) b (CI 95%) b (CI 95%)

GA (weeks) 1,31 (0,68;1,94) 1,10 1,53
p value <0,0001 (0,27;1,86) (0,73;2,33)

p value 0,009 p value<0,0001

bIrTH-WeIGHT (g)

SeX (male/female)

PreGnAnCy 3,82 7,64 6,58
(multiple/single) (0,23;7,41) (3,12;12,16) (2,10;11,10)

p value 0,037 p value 0,001 p value 0,005

IVH** -10,39 -9,47
(-14,51;-6,26) (-14,10;-4,90)

p value<0,0001 p value<0,0001

bPD** p value=0,049

PDA** -4,33(-8,49;-0,18)
p value 0,041

*Method:stepwise; **dicothomous (yes/no) variables.

Non
-co

mmerc
ial

 us
e o

nly



58

JOUrnAl OF THe SIenA ACADeMy OF SCIenCeS, PUblISHeD SInCe 1761 - VOl. 5 - 2013

reFerenCeS

1. Stephens BE, Vohr BR. Neurodevelopmental outcome of the pre-
mature infant. Pediatr Clin North Am 2009;56:631-46. 

2. Evensen KI, Skranes J, Brubakk AM, Vik T. Predictive value of
early motor evaluation in preterm very low birth weight and term
small for gestational age children. Early Hum Dev 2009;85:511-8. 

3. Stolt S, Haataha L, Lapinleimu J, Lehtonen L. The early lexical de-
velopment and its predictive value to language skills at 2 years in very-
low-birth-weight children. J Commun Disord 2009;42:107-23.

4. Sun J, Mohay J, O’Callaghan M. A comparison of executive func-
tion in very preterm and term infants at 8 months corrected age.
Early Hum Dev 2009;85:225-30.

5. Aylward GP. Cognitive and neuropsychological outcomes: more
than IQ scores. Ment Retard Dev Disabil Res Rev 2002;8:234-40.

6. Greene MM, Patra K,  Nelson MN,  Silvestri JM. Evaluating
preterm infants with the Bayley-III: patterns and correlates of de-
velopment. Res Dev Disabil 2012;33:1948-56.

7. Bayley N, ed. Bayley scales of infant and toddler development. 3rd

ed. San Antonio: Pearson; 2006.
8. Volpe JJ, ed. Neurology of the newborn. Philadelphia: WB Saun-

ders; 2008. pp 517-588.
9. Agrons GA, Courtney SE, Stocker JT, Markowitz RI. From the

archives of the AFIP: Lung disease in premature neonates: radio-
logic-pathologic correlation. Radiographics 2005;25:1047-73.

10. International Committee for the Classification of Retinopathy of
Prematurity. The International Classification of Retinopathy of Pre-
maturity revisited. Arch Ophthalmol 2005;123:991-9.

11. de Waal K, Kluckow M. Functional echocardiography; from phys-
iology to treatment. Early Hum Dev 2010;86:149-54.

12. Doyle LW. Evaluation of neonatal intensive care for extremely low
birth weight infants in Victoria over two decades: II. Efficiency. Pe-
diatrics 2004;113:505-9.

13. Hack M, Taylor HG, Drotar D. Chronic conditions, functional lim-
itations, and special health care needs of school-aged children born
with extremely low-birth-weight in the 1990s. JAMA 2005;294:
318-25.

14. Anderson P, Doyle LW, Victorian Infant Collaborative Study Group.

Neurobehavioral outcomes of school-age children born extremely
low-birth-weight or very preterm in the 1990s. JAMA 2003;289:
3264-72.

15. Bhutta AT, Cleves MA, Casey PH, et al. Cognitive and behavioral
outcomes of school-aged children who were born preterm: a meta-
analysis. JAMA 2002;288:728-37.

16. Platt MJ, Cans C Johnson A. Trends in cerebral palsy among in-
fant of VLBW (<1500g) or born prematurely (<32 weeks) in 16
European centres: a database study. Lancet 2007;369:43-50.

17. Marlow N, Wolke D, Bracewell MA, et al. Neurologic and devel-
opmental disability at six years of age after extremely preterm birth.
NEJM 2005;352:9-19.

18. Kesler SR, Reiss AL, Vohr B, et al. Brain volume reductions within
multiple cognitive system in male preterm children at age twelve. J
Pediatr 2008;152:513-20.

19. Tyson JE, Parikh NA, Langer J, et al. Intensive care for estreme
premeturity-moving beyond gestational age. NEJM 2008;358:
1672-81.

20. Wilson-Costello D, Borawski E, Friedman H, et al. Perinatal cor-
relates of cerebral palsy and other neurologic impairment among
VLBW children. Pediatrics 1998;102:315-22.

21. Cooke RW. Perinatal and postnatal factors in very preterm infants
and subsequent cognitive and motor abilities. Arch Dis Child Fetal
Neonatal 2005;90:F60-3.

22. Wood NS, Marlow N, Costoloe K, et al. Neurologic and develop-
mental disability after extremely preterm birth. NEJM 2000;343:
378-84.

23. Saigal S, Doyle LW. An overview of mortality and sequalae of
preterm birth from infancy to adulthood. Lancet 2008;371:261-9.

24. Vohr BR, Wright LL, Poole WK, McDonald SA. Neurodevelopmen-
tal outcomes of extremely low birth-weight infants <32 weeks ges-
tation between 1993-1998. Pediatrics 2005;116:635-43.

25. Latal Hajnal B, Braun-Fahrlander C, von Siebenthal K, et al. Im-
proved outcome for very low birth-weight multiples births. Pediatr
Neurol 2005;32:87-93.

26. McCormick MC, Brooks-Gun J, Buka SL, Goldman J. Early inter-
vention in LBW premature infants: results at 18 years of age for the
Infant and Development Program. Pediatrics 2006;117:771-80.

Non
-co

mmerc
ial

 us
e o

nly



59

An OVerAll eXAMInATIOn
OF THe qUeSTIOn

Metaevolution has been defined in several ways and
some authors will be considered in the last part of our
paper. We try to re-organize different ideas, proposing
our vision about the question.

We start following the line of Gregory Chaitin (Prov-
ing Darwin: Making Biology Mathematical, Pantheon,
2012; It. Translation, Darwin alla prova, Dedalo, 2012),
that replaces the center of the studies about life beyond
biology of organisms. He draws the boundaries of a
wider epistemological dominion and includes synthetic
informational systems. He replaces bio-centrism with a
sort of info-centrism. His position seems to us very in-
teresting and rich of possible developments, even if we
do not agree with his “disembodied” vision of life at all.

However, generally agreeing with Chaitin perspective
(and with many related Authors and perspectives), we
would re-establish the meaning of the term “Metaevo-
lution”: it is already used (sometimes too much used or
not usefully used…) by many scholars referring to spon-
taneously evolving systems. We agree with the scholars
that define metaevolution as the capability of these sys-
tems of evolving their potentiality of evolution. This is
somehow related to “Creativity” by Chaitin, “Self-pro-
duction” or autopoiesis by Maturana &Varela, “Self-or-
ganization” and so on. Besides this is related to

homeorhetic processes and to emergence passages.
In other words the result of evolutionary change is

not simply the reaching of a different position in the
space of status, but [moreover] the enlargement of this
space of status (adding a new dimension?...), so that
the system can evolve toward positions that before
were out of perspective.

The progeny of an organism changes not simply dif-
fering somehow from this organism, but moreover in-
creases its range of possible further changes in the
future, enlarging the space of status of these changes.

In biology (the traditional one, regarding wet-ware)
metaevolutionary “jumps” can be detected, for exam-
ple, in the eukaryotic cell, in aerobic metabolism, in
multi-cellular organization, in NS.

Metaevolutionary jumps do not contrast with the
principle of exaptation and can be integrated with it.

Crossing over, alternative splicing, epigenetic modi-
fications, transposons and retrotransposons represent
the engine of the evolutionary process since they make
possible the rearrangement of the metabolic processes
and of the anatomo-physiological characteristics de-
pending on the conditions of the external ambient.

Recent studies have shown that the epigenetic mod-
ifications, as a consequence of a new outer stimulus,
happen in a very short lapse of time. Moreover it seems
that (even though we do not have certain evidences
yet) the epigenetic modifications collected by the par-
ents are inherited by the progeny.
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These (and others) metaevolutionary knots both sep-
arate and link the previous and the next phase. By this
reason they give continuity also to the emergence pas-
sages from inorganic to biologic world and from this
one to the cultural one.

Also cognitive transfert is a meaningful example of
both these aspects: “noetic exaptation” and metaevolu-
tionary jump in cognitive-cultural sphere.

In both cases (of Metabiology and of Metaevolution)
the prefix “Meta-” is useful to distinguish different
epistemological levels, even if in a different meaning:
– In Biological Sciences it allows to define the more

extended and general class of living beings, includ-
ing those that do not belong to wet-ware-systems.

– In Evolutionary Sciences it allows to distinguish the
different quality of the phases of evolutionary drift:
the “normal” ones (when transformations are cumu-
lated ) and “metaevolutionary” (when suddenly and
unexpectedly further spaces of status are “created”).

A new age for biological sciences: BIO ↔ EVO is the
new focus, as a central equation.

No more dogmas in Biology, only this equation: “bio
is evo & evo is bio”. Besides maybe it is falsifiable, in
Popper’s sense. But in the meantime we can keep it as
the central focal point in Biological Sciences. (Re-
)defining life, understanding its nature, knowing its
properties and possibilities. It is a philosophical, ethic,
biological and operating problem. A complex and deep
problem. We cannot define as “alive” or “living” a sys-
tem since it is born, grows, nourishes itself, procreates
and dies. Many, too many inanimate things do this,
even very well. Something is alive if it evolves. If
something evolves it is alive or we can consider it so.

POeTry AnD SCIenCe TAle THe SAMe
(HI)STOry...

Caminante son tus huellas
el camino y nada más;
caminante, no hay camino
se hace camino al andar.
Al andar se hace camino
y al volver la vista atrás
se ve la senda que nunca
se ha de volver a pisar.
Caminante no hay camino
sino estelas en la mar...

Antonio Machado, “Proverbios y cantares”
in Campos de Castilla, 1912

Wanderer, your footsteps are
the road, and nothing more;
wanderer, there is no road,
the road is made by walking.
By walking one makes the road,
and upon glancing behind

one sees the path
that never will be trod again.
Wanderer, there is no road
Only wakes upon the sea.

Even if maybe Machado did not refer to this, in this
poem, he grasps the essence of evolution, that is to say
the essence of life. Artistic intuition of a poet or con-
scious methaphor? It has no importance. It is useful to
explain and to understand evolution.

“Todo pasa”, “Panta rei”: Eraclitus docet... world is
fragile, life is fragile, things change easily, we must ac-
cept this variability, we must love it, it is the unique
world we have, and the poet loves it, even if it is “como
pompas de jabón”, as soap balls...

No living being, no life form is aethernal: death, ex-
tintion are the unavoidable rule, we can see them “tem-
blar/ súbitamente y quebrarse”.

“Caminante son tus huellas/ el camino y nada más;/
caminante, no hay camino/ se hace camino al andar./ Al
andar se hace camino/ y al volver la vista atrás 
se ve la senda que nunca/ se ha de volver a pisar”: the
(hi)story of life is not a rigorously structured plan: only
after we can try to individuate its strange, complicate
line. It is no possible to find a logic (neither of
“progress” nor of different kind...), a continuity in his-
tory of life, it goes on, however, but random is a very
important aspect of its main way of going: “¿Para quél
lamar caminos/ los surcos del azar?...” And, without ran-
dom, no plasticity, no adaptament would be possible. 

History of life is not a linear logic progress aimed at
a final target, it is not a growing, but nevertheless it is
not reversable, past is past, it will never come back: “Al
andar se hace el camino, y al volver la vista atrás/ se ve
la senda que nunca/ se ha de volver a pisar”.

The traces of life are not engraved on solid rock, the
land is fluid, it makes the traces flow away easily, it is
overcome by new forms quickly: “Caminante no hay
camino/ sino estelas en la mar...”.

There is no smooth continuity: a step between a bal-
ance point and the next one is a sudden jump. As in
pointed balances model, steps are marked, as along the
path of the poem, by sea stars: “Caminante no hay
camino/ si no estelas en la mar”. We do not know the
moment, the distance and the direction of these steps
until life has done them...

FrAMInG THe qUeSTIOn

Gregory Chaitin speaks about “Metabiology”: the
Science of Life Beyond Livings. Information evolves,
therefore it (synthetic software as much as biological
organisms) is alive. Disregarding its implementations,
information evolves. This involves an extension of the
semantic field of “life”.

Analogously we can speak about “Metaevolution”
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according to a particular meaning among the used
ones: we do not speak simply about the only evolution
of structures and functions of wet-ware and soft-ware,
but, more extensively, about the transformations of the
space of status of evolutionary possibilities. It is linked
to information and self-organized information. Chaitin
speaks about evolutionary information as a “creative”
system. This remembers to us self-production and
homeorhesis of H. Maturana e F. Varela.

But we must consider evolutionary systems over the
faculty of changing themselves: information has the
power to enlarge even its own dominion of potential
changings. Evolution does not simply happen: it is a
multiplanar process. It is not a summative process:
there are critical points of “explosive” transcendent
passages.

In order to understand this it is necessary to replace
bio-centrism with info-centrism.

Biologic beings and biological evolution become a
particular sector of a wider scientific-ontological field.

Different kinds of information are related one an-
other, building an intricate network capable of grasp-
ing the enlarging of the field of possible evolution. It
is not a linear chain with only feed-forward and feed-
back causations. This draws a continuity among these
different kinds of information that implement
metaevolution, that is to say evolution of evolvability.

Many kinds of information (genomic, of chemical
mediators, nervous, noetic, of synthetic soft-ware …
and tomorrow?...) have progressively drew the road of
evolution and metaevolution.

Before there was no road, nor land for the road.
Information is the “caminante” (the wanderer) by

Machado: it drew, draws and will draw its road and its
land, always by going and going…

It does not follow a straight line, does not explore a
previously seen land: it maintains its dialogue with
world and its dialectic relation with world open.

It makes itself more and more ready and capable of
changing, of creating new roads and new lands…

According to Gregory Chaitin, we think that it is nec-
essary to replace the center of the studies about life be-
yond biology of organisms. He draws the boundaries
of an epistemological dominion that is wider and in-
cludes synthetic informational systems.

According to this we would re-establish the meaning
of the term “Metaevolution”, that is not new: it is al-
ready used (sometime too much used or not usefully
used…) by many scholars regarding referring to spon-
taneously evolving systems. Metaevolution would be
the capability of these systems of evolving their poten-
tiality of evolution. This is somehow related to “Cre-
ativity” by Chaitin, “self-production” autopoiesis by
Maturana & Varela, ”self-organization” and so on.

In other words the result of evolutionary change is
not simply the reaching of a different position in the
space of status, but moreover the enlargement of this
space of status (adding a new dimension?...), so the

system can evolve toward positions that before were
out of perspective.

Along the generational line of an organism we can
notice that this organism changes not simply, but more-
over its range of possible further changes for the future.

In biology (the traditional one, regarding wet-ware)
metaevolutionary “jumps” can be detected, for example:
• in the eukaryotic cell
• in aerobic metabolism
• in multi-cellular organization
• in NS

That is to say, referring to one of the previous exam-
ples, an anaerobic cell can evolve in many different
ways. If it acquires oxidative metabolism, by endosym-
biosis or by any other way, it obtains a much higher
energetic efficiency. This allows it many evolutionary
possibilities, that are not existing without the new
metabolic mechanism.

For these reasons the jump toward aerobic metabo-
lism is not simply evolutionary (giving a different –in
the evolutionary meaning- cell), but also metaevolu-
tionary, because this novelty opens a landscape of new
possibilities.

In an analogous way, multi-cellular organisms have
obtained many new perspectives, at least to reach a
wider range of dimensions: from very small (the
unique possible for the unicellular organisms) to enor-
mous (a whale, a dinosaur, a sequoia…). Besides, with
many cells available, a differentiation of tissues and of
the structure becomes possible.

We SHOUlD beGIn (re)DeFInInG lIFe…

Life is the property of a system that is capable of main-
taining and further lowering actively a low level of its
own entropy (a high level of order), disregarding the en-
tropic gradient between itself and the external world.

Contextual factors cannot be disregarded in the econ-
omy of the living being, but it has the possibility of
avoiding the submission to deterministic connections
and to the strength of these factors.

Separation between itself and the environment is an
important condition that allows a system to be alive.
This separation should not be necessarily a material
barrier. In “cell-free” systems cell barrier is erased, but
nevertheless they can be defined alive (they have,
maintain/increase and manage low entropy by meta-
bolic activity) since the system however has the oppor-
tunity to keep its own processes distinct from the
environmental ones, similarly to the presence of a real
separation.

Due to this the living being can be considered an ac-
tive pusher of entropy in centrifugal direction: a dissi-
pative system as meant by Prigogine.

This is implemented by the self-organization of the
system and by the informational systems that are part of
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it (DNA, RNA, chemical mediators, enzymes, and, if
they are present, N.S. and immunity systems). These in-
formational systems are hierarchical, reticular, dynamic
and have several levels of organization and functioning.

This information has self-causative properties and
acts on organisms and on world. So it directs relations
with environment finalizing them to coordination and
self-maintaining (that is to say persistence of some in-
variants), to restoration (erasing the effect of perturbing
factors thanks to reversibility of certain processes), to
compensation (balancing perturbing factors by oppo-
site effects of other factors), to expansion (trend of in-
creasing existential dominion) of living being, but first
of all of itself, in Dawkins’ opinion, as he explains in
The Selfish Gene.

The self-organization persists thanks to the fact that
the living being is characterized by a condition refer-
able to deterministic chaos. 

We can classify systems as:
• simple (with a low number of variable factors, usu-

ally until four, as it happens in classic mechanics)
• characterized by not organized complexity (many

variable factors do not have or have a very few rela-
tions one another, mainly studied by statistics)

• characterized by organized complexity (many vari-
able factors and a dense network of reciprocal rela-
tions).

Even if it seems a paradox, the last ones are capable
of maintaining themselves apparently static thanks to
the fact that they are crossed by highly dynamic fluxes
of different nature: matter, energy, information.

Each of these resources flows through the living sys-
tem, and a double flux is always active, from external
side toward internal one and vice-versa. These two
fluxes are related one another and are reciprocally reg-
ulated to ensure the maintaining of a condition that is
compatible with life itself. A low (very low) level of
entropy is the attractor of the balance of this double
flux, or it is something capable of causing a further
lowering by positive feedbacks and homeorhetic
processes. The balance between input and output is
continuously engaged in a systemic way: if we act on
one of these two fluxes, we act on both of them. This
balance is not static. It is and is maintained far from the
entropic trend. Besides it can be further pushed in a di-
rection that is the contrary of the entropic trend: the
symmetry between the two fluxes can be modified in
a sudden and conspicuous way. Even a small cause, if
meaningful, can originate a non-linear consequence,
by a self-magnifying process, a positive feedback. So
we can have (or not have, according to the trend of the
famous balance) a persistence, a development or an al-
teration of functionality/morphology (at the ontologe-
netical level), evolution or the maintenance of the
characteristics of the species (at the phylogenic level)…

In order to maintain/magnify the entropic gradient
between the two sides of the compartmental barrier or
of the limit between itself and the word, the living

being uses external sources. That is to say that its (in-
ternal) low level of entropy is gained and kept thanks
to an external increasing. The internal lowering of en-
tropy is less conspicuous than the external increasing.
In other words the whole trend of total entropy of the
living being and of the environment (external and in-
ternal together) respects the Second Principle.

We must consider a very important detail: in the set
of possible conditions of the system (living being + en-
vironment) this distribution of entropy has a very low
probability. Nevertheless life exists and it originated
from not living systems…

To be born, to grow, to reproduce, to metabolize, all
these activities are not characterizing life, but are refer-
able to this property (or set of related properties): to
manage the entropy. And this property is to the central
element of life: information. When we speak about
“life information” we mean an information that is en-
tangled in semiotic processes, that is to say computa-
tion, self-organization referable and communication all
together. Communication links both information and
metabolism (soma), both organism and world.

Life (information) is a complex, chaotic, self-organiz-
ing, evolving system. Thanks to this it is not static, life
properties can emerge not only in “wet-ware”. Besides
it needs interaction processes.

This conception of life makes it something different
and more general than the traditional vision. Besides,
this definition makes us extend the dominion of systems
that are definable “alive”: not only wet-ware-systems,
but also informational ones: Biology becomes Metabi-
ology, Evolutionism becomes Metaevolutionism.

TOWArD THe COre OF THe qUeSTIOn

Trying to focus the “status of the art” in biologic sci-
ences may be opportune. It is due to the fact that these
sciences have gone very far, overall since the XX cen-
tury. In this great transformations the implication of
many different disciplines (even not strictly biologic or
quietly extraneous ones) is included.

Conceptual dimension of Life Sciences has become
more and more deep and extended and has dropped
out from the disciplinary pool toward a meta-and
trans-disciplinary horizon.

First we must have acquaintance with the main turn-
ing point of biology that has to be reconsidered in an
evolutionary key. This is clearer and clearer.

In traditional biological sciences phylogenetic his-
tory was an optional tale, added to the description of
their structures and functions, but now it has become
fundamental to define them, but without separating
them from phylogenies.

Phylogenies, ontogenesis, physiology, reproduction
are related one another by links that are more intricate.
Recapitulation Law by Haeckel was an interesting
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idea, but now it is no more effective to explain the na-
ture of life. Among the most meaningful turning points
of contemporaneous life sciences there is the Evo-Devo
Biology.

Evolution is becoming the central paradigm of con-
tents and methods for studying and understanding liv-
ing beings (on every dimensional and complexity
scale, from molecules to ecosystem) and even the life
itself (as the distinguishing set of properties of these
beings or systems).

About so wide and deep themes more and more nu-
merous and different disciplines are connecting one an-
other. Evolution is no more matter for the evolutionary
biologists only.

All biologic sciences cannot eliminate the base of
evolutionism, but the dominion of the evolutionary
processes is much wider. In other words: at the begin-
ning evolution was part of life, but now life is part of
evolution. That is to say: life, but not only life, evolves.

Some time ago Dawkins introduced “Memes” in the
landscape of (bio)semiotics and established an au-
tonomous study: the “Memetics”. This somehow re-
sembles to “writing myth” by Plato. He looked at
writing with no confidence, since it becomes au-
tonomous from its author.

We can find the importance of informational aspect
also in information science, in actual chemistry (see
Prigogine) or in Physics (see Enzo Tiezzi).

In particular about Physics, we have to notice that in-
formation (that is always connected to evolution) was
introduced with qubit and with quantistic paradigm
and it has acquired more and more importance.

But curiously the radial explosion of extremely spe-
cialized sciences contrasts with vigorous convergences
and dense networks of relations that are becoming
more and more real. That is to say that we find inter-
sections of contents, exchange of methods, contamina-
tion of languages.

In the history of science and of sciences, when some
important change happens, we need time after these
events to have a right and clear vision of facts and to
judge them. Only in this way we can have the neces-
sary objectivity.

We can start from two different sources. First we have
to consider the New Evolutionary Synthesis (in its
original version of ‘30s and ‘40s of XX century and in
the successive extended version, however including
genetics as fundamental part). After we must consider
Math, information Science, Informatics (always start-
ing from Thirties of XX Century with Gödel, von Neu-
mann, Turing and so on).

These networks of relations (that involve several dis-
ciplines) have demonstrated that, never as in (late) XX
Century, any theory can be an isolated independent
system, owned by a unique science.

Always internal and external transformations corre-
spond one another. Mathematical sciences, for exam-
ple, draw a meaningful passage from number to

compute, from the perfection of the structure to the dy-
namism of the transformation, from contemplation to
action. Similarly to Neurosciences, in which the focus
is moved from neuron to synapse, in Maths something
analogous happens: this science becomes less “onto-
logical” and more “algorithmic”.

Information is no more statically “deposed” in sym-
bol, it must be aroused by computation, that is the new
paradigm of its genesis. Analysis and synthesis, as
meant by Kant, are far in the past. 

The processing becomes the central condition and it
is connatural to information. These two things involve
one another. The computing-transformation becomes
autonomous from computing subject, goes on motu pro-
prio, a black box in which the subject looks a posteriori,
to see what is happened and how.

Computing becomes autonomous from the subject and
this makes us think to Plato’s suspects about writing or,
jumping 25 centuries after, to Dawkin’s “memes”.

Creator becomes spectator. He looks at information
(that he has created) as something autonomously acting.

PerSISTenCe AnD PlASTICITy
AS DOUble reGUlATOrS OF lIFe HISTOry

Watching it operating, he grasps two fundamental de-
cisive features, dialectically combining one another.
They are: “Persistence” (capability of balancing pertur-
bations and interferences by homeostatic processes) and
fluency (capability of changing, exploring the space of
status of possible variations, a sort of creativity, as it is
called by Chaitin), that we can call “Plasticity”.

Persistence
Persistence is implemented by homeostasis and by

retention devices of information, by stabilizing mech-
anisms, by negative feedbacks, by active barriers pro-
tecting information. DNA has enzymes that correct
errors in genomic duplication, neurological memory
has a tolerance for missing or incoherent information,
pattern of nervous impulses, identity of chemical me-
diators, etc. against perturbing factors, by reconstruct-
ing eventually destroyed or altered parts. All these
devices act repelling/neutralizing whatever menaces
the status quo.

Biological structures have the capacity of retaining
information with a certain warranty of maintaining it
constant during time. We find many examples of per-
sistence of innate and of acquired features. The acqui-
sition may be of different nature and after different
processes: epigenetic, of learning (by modification of
micro-architecture of nervous connectivity), of immu-
nity (organizing defence against antigenic factors). But
even the persistence is not the product of the passive
and static deposit of “something abandoned some-
where without disturbing it”. It is sustained by active
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mechanisms, capable of considering internal and envi-
ronment factors.

Also structures and mechanisms that balance per-
turbing action and that reactivate the original condition
of information have a preserving function, so informa-
tion capable to persist acts like an attractor. All these
processes can be seen as a biological memory, an ex-
tended meaning if compared with the strictly neuro-
cognitive one.

We can indicate also homeostatic and/or stabilization
mechanism, that are related one another, but do not co-
incide.

Plasticity
Plasticity allows the outbreaks of spaces of status

where we can find variations of original information
and it allows the exploration of this space of status.
Genome is subject to mutations that are due both to
random fluctuation and to interaction with environ-
ment that is capable to activate epigenetic dynamics.

And besides the recursive nature of NS allows vary
contents and messages in an autopoietic way. 

These can integrate themselves together or can
change, by interacting with external factors. This space
of status opens up, thanks to the fact that persistence
mechanisms allow non-deterministic margins.

Here we find disorder, but it is a non-entropic one.
It allows self-organizing dynamics appear.

This is one of the most meaningful news in the evolu-
tionary landscape: not simply the random varying of not
organized complexity that is given by mutations (a ca-
sual exploration of the space of status, similarly to a par-
ticle that is subject to thermal agitation and occupies
different positions in adjacent space), but the elective di-
recting toward attractors, even of strange location in the
space of status. Nevertheless these attractors are suffi-
cient to restrict the spectrum of variations and to push
the evolutionary process in a quicker way, even if they
do not constrict the process in a deterministic way. How-
ever this does not request direct interventions of a su-
pernatural Being or the actualization of his Intelligent
Design. The Second Principle is not contradicted!

Moreover it is framed in a wider and more inclusive
context. As Prigogine showed, systems that are already
far from balance follow a trend of further increasing of
this distance. This self-organization “strength” pushes
the system evolution toward certain directions instead
toward other ones and, due to stronger reasons, pre-
vents absolute hypostasis. The self-organizing capabil-
ity of the system can be considered as creativity and
emerges in the interaction between subject and envi-
ronment. Living beings (from a single cell to a popula-
tion of organisms or to the whole ecosystem) are
complex and for this reason they have the feature of
chaos, of self-organization (but never of a rigid or
closed order) that is regulated by one or more attrac-
tors, of the dialectic between persistence of its “status
quo”, (even far from thermodynamic balance) and its

opening to change. In the space of status of possible
changes, attractors occupy strange locations. So the
space of status is anisotropic (on the contrary of the
neutral and indifferent casualty, where each possible
configuration is equivalent to each other, except for the
entropy trend) and plays with entropy so it makes not
only possible but even more probable such elective
configurations. It is unavoidable to refer to Maynard
Smith’s canalization. Environmental factors are deci-
sive and act through subtle and complex mechanisms.
According to Maynard Smith, we must remember that
environment-organism incongruity is temporary, even
if it exists. During environmental changes, fitness
grows and bridges the gap. Only during one of these
periods and only regarding certain aspects we can
speak about “progress”. Plasticity is closely referable
to homeorhetic and self-organizing processes.

If a system has an informational content beyond a
quality/quantity limit and if it is far enough from bal-
ance (as meant by Prigogine), it evolves toward a con-
dition that allows it more and more quickly.

In this evolution we notice emergence conversions
and the consequential gaps of dominion. In life’s his-
tory we can detect some gaps of these. Metaevolution-
ary knots that mark these passages can be identified in
some events.
• DNA
• Prokaryotic-eukaryotic cell
• Endosymbiosis (mitochondrial inclusion for oxida-

tive processes and energetic production)
• Multicellular (from cell colonies to tissues in com-

plex organisms)
• Epigenesis
• Hormones
• Synapses junction and NS (adaptation, learning)
• MIND (abstract thought, abstract learning, cognitive

transfert, intuition, feed-forward, etc.)
• Synthetic software

Similarly to every emergence transition, we have cir-
cular cause-effect between original and emerged sys-
tem that links one another these dominions. See also
the conception of Metaevolution in Paras Copra, de-
scribed after.

The attractor of these evolutionary processes is a wider
and wider space of status of possible configurations.

In other words evolution is self-referred.

Self-organization
Self-organization is relatable to plasticity. It is a prop-

erty of complex systems, thanks to which a particular
order emerges. These orders are ruled by different at-
tractors. 

Self-organization generates and feeds system infor-
mation, developing its potentialities, that are not pre-
dictable by linear and deterministic models.

Without self-organization, erosion or wasting of in-
formation would be unavoidable. Information would
be submitted to entropic rules.
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Traditional lore acknowledged spontaneous genera-
tion of living beings starting from inert matter. Never-
theless these beings could not generate a progeny that
overcome them in scala naturae… 

Strange intersections between Galilean determinism
and epigenetic theories (in the preformistic meaning)
that emerged after the scientific revolution, originate
the result of impossibility of evolutionary changes for
living species. This happens because each generation
is forced to repeat the previous one and so it will gen-
erate a future one that will be identical. A rigid para-
digm of rigidly fixed species, where only a few
exceptions can find space, but these are monsters with-
out evolutionary meaning.

Complexity paradigm gives a wide space to self-or-
ganization. We see it in each life process, both phylo-
genetic and ontogenetic. Besides, these processes cross
one another as we see in Evo-Devo biology.

A recent experiment enforces this vision. Michael
Doebeli and Mattew Herron, of the University of
British Columbia, have been growing three population
of Escherichia coli for six months. During this period
they had one thousand generations. These three popu-
lations have been exposed to same conditions and each
of them has been fed by two different solutions: one
with sugar and one with vinegar. Each population had
the same evolution with the same result: it is divided
into two under-populations, each one specialized to
feed by one of the two solutions. Obviously the fact
that we observe the same process in all the three cases
allows us to say it is not a random process. This re-
search have been published in “PloS Biology” and we
can read about it in “Le Scienze” n. 536 of April 2013.

The model of evolution made by Maths tries to show
the qualitative aspects by quantitative factors. It is not
a new form of reductionism, due to the fact that now
we consider complexity, transformational dynamics
and interaction networks.

The “Vis Evolutiva” (that implies variability, selection
and –this is the novelty– self-organization) is the distin-
guishing feature of life. This is related to the fact that the
last irreducible element of living being is information.

Dobzhansky is right when he inscribes the whole
universe of biologic sciences within the horizon of evo-
lution. Genome can be meant both as individual equip-
ment and as genetic pool of a population, as the
pangenomic approach indicated as very important
heuristic method. In both cases it is the result and the
driving force of onto/phylogenetic history.

It is unavoidable that to detect biological phenomena
means to make a sort of archaeology of the software of
the life, as clearly was showed by Chaitin.

Information (to be properly called so) should have
properties that emerge from the system that imple-
ments it, even not necessarily in a deterministic way.

Information is self-organized and it can be “anti-
entropic”. Chaitin attributes creativity to it, meant as
an intrinsic capability of originating evolutionary

processes or, however, of transforming, regaining and
linking to the concept of evolution creatrice by Bergson
(1907), of devenir by Deleuze, of vital force by B. Shaw
(see the third act’s dream sequence of Man and Super-
man of 1903, more exactly referring to  Don Juan in
Hell).

In the organism the first information carrier is DNA.
As last but not least confirmation of this fact, in “Le
Scienze” of March 2013, we find the announcement of
an Hard Disk that, using exactly DNA as material, ob-
tains an information compression that has no precedents.

Gregory Chaitin reaches extreme consequences of
this heuristic turn. Considering the landscape of the Bi-
ology of the second half of Twentieth Century, this turn
is not fully unexpected.

If we accept the premise that something can be fully
understood only if it is re-created, Chaitin shifts (this
is the novelty) the nature of this “re-creating”. Even in
a scientific perspective, different from the mythologies
regarding Frankenstein or Paracelsus’ homunculus al-
chemicus, in 1953 the Miller experiment proposes again
the enterprise of recreating life. One time more it was
meant as wet-ware, coinciding with the conception of
life until that moment. Chaitin thinks that scholars can
and must disregard the equivalence life ↔ wet-ware,
since it is not defining life itself. Wet-ware implemen-
tation of life can be transcended and scientists can pro-
pose a “disembodied” version.

If we reduce life to minimal terms, Chaitin says, to
its not further reducible element, to the only “conditio”
that makes it so, life is information, or, more exactly,
life is information that is capable of evolving. Me-
tabolism away, sex away, plurality away (plurality of
individuals in a population, of species in an ecosys-
tem…), body away (we can say “soma”), the remaining
thing is the bare software, even still definable function-
ing and living!... So biological “prometheism” shifts in
soft-ware creation. “Bio” and “Bit” have a somehow
equal functioning [cf. Tanga, Ghelli, Darwin between Bio
and Bit, JSAS), they are confusable one another!... This
is called “Metabiology” by Chaitin. Its main subject is
life disregarding wet-ware.

This approach has the great value of creating a Math
that is biologic itself (biologic in a deep sense), not
simply a mathematical model of life!

No more a “model of-”, a simulation, but life that is
homogeneous to (biological) life, mutatis mutandis, ob-
viously. We do not still know very well where this road
will lead us, but the developments will surely be fer-
tile and charming. Nevertheless we must be awareness
about implications and risks.

The first (theoretical, but also heuristic and applica-
tive) risk is a neo-functionalism, due to equal func-
tionality (of material implementations and of
biological –of wet-ware– processes), makes life free
from contingences, isolates it, erases its immersion in
the environmental networks. All these factors would
establish reciprocal belonging between living being
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and environment. In our opinion, the isolated condi-
tion makes us misunderstand life’s nature, wastes its
sense, even erases it.

The “conditio” for the interaction life-environment is
the material implementation of life itself. The co-exten-
sion subject-environment and the semiotic/causative ex-
changes happen in the material dimension. It is not an
empty terminological question about difference be-
tween bio-semiotic and bio-information. The first one
includes real communication processes, the second one
is referred only to abstract contents, disregarding con-
crete interaction.

We think it is necessary to adopt the first perspective
and to look at researches, visions, models that are cen-
tred in the interactivity, meant in the strongest accep-
tation. Saying this, overall we refer to recent
developments in sciences and philosophy. More ex-
actly we refer to complexity science, to networks sci-
ence, to theory of EEC, of IIB, to externalism, and to
specific models as the one of epigenetic processes, of
neuronal Darwinism, of clonal selection of hypercycles
by Kaufmann. In particular this model clearly shows
as enzymes –that is to say proteins, or, in other words,
phenotype– and genome are indissolubly included in
the same functional unit; at least, we must learn that
the –causative and chronological– priority question be-
tween DNA and proteins may be a false problem.

These are fully biological examples of how and how
much the biological software cannot be disembodied
without consequences.

And in 2013 the Nobel in Medicine honours the re-
search on cell communication… 

However this indicates that caution is necessary.
The second risk is a re-proposal of neo-Platonism,

due to the fact that to make oneself free from material-
ity seems to lead us to purity and to freedom of the
most authentic information. Virtual space where pro-
grams “function” (that is to say: “live and evolve”)
seems a sort of hyperuranium that transcends material
world, where entities (poor copies that implement hy-
peruranic ideas) are burdened by their weight, by their
material thickness and opacity.

Phenotype obstacles and limits information of which
at the moment it is bearer, but the limits of phenotype
can be transcended by the hereditary transmission.

It is unavoidable to refer this to Dawkins, cited by
Chaitin: “What are my organisms? Well, in his book
The Selfish Gene, Richard Dawkins teaches us that bodies
are unimportant, they are just vehicles for their genes.
So I throw away the body and just keep the DNA.”

Surely this inversion of perspective is provocative
but it has a positive role, but, as we said, it is not with-
out risks.

It is necessary to run quickly to remain in the same
place. This implies to come back from Parmenides to
Heraclitus. This is the passage from homeostasis to
homeorhesis. The static nature of hypostasis, of the
maintenance, of the “status quo” is illusory. Rather it is

the result of a complex of dynamics reaching a not very
probable balance.

Darwin was conscious that his theory was so good to
be extended to wider fields, even if he could not imag-
ine it will become referable to what he did not know
yet: synthetic software…

So we can dissolve the previous boundary between
life and not-life, alive and not-alive and even the limit
between organic and inorganic. Now we must consider
a new distinction as preeminent: the one between evo-
lutionary and not-evolutionary systems. Biologic and
synthetic systems, as much as certain software, are
placed on the first side of this distinction.

Evolution is a property of particular systems that,
thanks to this, are placed in a special relation with en-
tropy and with the Second Principle.

Evolution is not simple changing, or actuating of pre-
existent, pre-structured potentialities, but it is creation
of new potentialities.

As we said before, life is information that is ca-
pable of evolving.

Evolution slowly (but there are no fixed times)
changes a species, changes all species (during the reit-
eration of generations along the line of descent) and
their relations, but it is also the transformational drift
of a single individual, disregarding the consequences
on hereditary transmission. 

Evolution is always dialoging with external factors.
Embedding in environment (and networks of relations
with it) causes the reciprocal belonging of subject and
environment. This factor is inescapable for evolution-
ary dynamics, both ontogenetic and phylogenetic ones.

Each system (physical, biological and noetic ones, so
called in the classic taxonomy) owns informational
content.

This informational content has features that allow to
place it in one of two poles, respectively definable
“evolvability” and “not-evolvability”.

Not-evolvable systems statically and conservatively
maintain information. Nevertheless during flow of
time it can be subject to erosion. This fact makes in-
formation take a residual feature if compared to pre-
vious condition.

On the contrary, evolutionary systems manage, trans-
form and (if necessary and if permitted by conditions)
increase informational content.

The “Vis Evolutiva” of evolutionary systems (that im-
plied a three-fold order of factors variability, selection
and –this is the most meaningful novelty, comparing
present evolutionism to Darwin’s original theory– self-
organization) is the distinguishing feature of life. This
is related to the fact that the last irreducible element of
the living being is information.

Dobzhansky is right when he inscribes the whole
universe of biologic sciences within the horizon of evo-
lution. Genome can be meant as individual equipment
and as the whole genetic pool of a population (as
pangenomic vision suggest). This two perspectives are
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very different, but in both cases it is the result and the
driving force of an ontogenetic/phylogenetic history.

It is unavoidable that to detect biological phenomena
means to make a sort of archaeology of the software of
the life.

Information is everything capable of reducing the
field of possibilities. Applying or using information we
can make smaller the space of possibilities. The “inde-
termination” is decreased in variety and/or number of
possible cases among the ones that can descend from
early conditions. Information leads, pushes or canalizes
self- and other- referred processes, even if this action
is not necessarily deterministic. A margin of open pos-
sibilities is left, but the direction of transformation
processes is pointed.

This is a general definition, but the bio-information
increases the margin of possibilities. It seems to contra-
dict the principle of progressive irreversible specializa-
tion that is the constant direction of evolution.
Nevertheless it is possible thanks to the fact that evolu-
tion produces more plastic and open systems. A more
refined organism has more freedom of choosing. This is
a limit only if environment changes beyond critical lim-
its until it makes the organism’s plasticity not useful. If
it happens, conquered targets become a limit. However
evolutionary information avoids absolutely fixed con-
tents. Variation devices are allowed or searched.

Evolution flow can be considered an homeorhetic
multiplanar process that self-rises by creating the con-
ditions to develop a wider range of possibilities, that
is to say a wider dominion for further changings.

We clearly know that the creation of this conditions
cannot be planned before, that there are no previous
aims, but we can think that life takes advantage from
the new situation and it uses these possibilities in all
possible directions to grasp adaptive advantages.

A change makes further and wider changings possi-
ble. Changing arises changing. It acts a positive feed-
back that makes Chaitin speak about creativity, that
remembers to us homeorhetic or self-organizing
processes.

During history of life we can focus some decisive mo-
ments when this opening of opportunities becomes
particularly evident, as just we have said.

THe CASe OF eXAPTATIOn

A fundamental strategy of evolution is the exapta-
tion. It allows to overcome handicaps of adaptation, to
solve the lacking of something. Rearranging something
existing the play is done… Exaptation was described
by S. J. Gould and E. S. Vrba and allows us to notice
that evolution is not a series of creations “ex nihilo”:
too much difficult, too much time, too much resources.
Maybe it is better (and several times it is really bet-
ter!...) to use something already existing, disregarding

if its actual use is fully different from the newly re-
quested one. A few somatic/genetic changes and the
new need is satisfied. Perhaps the adapted (it is more
proper to say “exapted”) structure is not optimal, but
very probably it can obtain its aim with effectiveness.
And it is enough.

These dynamics seem to suggest that evolution
works according to saving energies, matter and infor-
mation, similarly to shorten its range of action. This is
a real principle of evolution and it was genially discov-
ered by S. J. Gould and E. S. Vrba. We only say that it
must be placed in a dialectic relation with the comple-
mentary principle of meta-evolutionary jumps. No re-
ciprocal exclusion: simply reciprocal integration. This
synergy can be observed in the cases of coinciding of
exaptation and meta-evolution. A meaningful example:
lungs of terrestrial vertebrates derive from swim blad-
der of ancient fishes by exaptation. Nevertheless this
allows a meta-evolutionary jump: expansion of ecolog-
ical dominion, no more reliance on water to breath,
new opportunity of feeding, of developing new motor
structures and functionalities, and so on…

Genial rearranging and saving of exaptation by S. J.
Gould and E. S. Vrba does not eliminate the great cre-
ative strength of evolution by Chaitin!... These are the
different sides of the same wonderful history.

THe CASe OF reTrOTrAnSPOSOSnS
AnD ePIGeneTICS

Evolutionary “jumps” and metaevolutionary knots
are the result of an extraordinary ability to adapt, made
possible by biomolecular mechanisms such as crossing
over, alternative splicing, epigenetic modifications,
transposons and retrotransposons.

retrotransposons represent roughly half of the nu-
cleotides of human genome and they come from the ar-
chaic molecular systems capable of replication that
invaded eukaryotic genomes hundreds of millions of
years ago. In 1988 Haig H. Kazazian Jr. and his brain
trust, demonstrating the existence of active retrotrans-
posons in human tissues, reevaluated the so called “rub-
bish DNA”, previously considered without function.

A particular retrotransposon called L1 -Long Inter-
spersed Element 1- is very able to spread its copies in
the genome and it seems to have a fundamental role in
human beings.

Until recently most part of the scientific world be-
lieved that L1 retrotransposition happened mainly in
germline and in embryo, after all there were few clues
of active L1 in somatic tissues. Moreover -according to
a version of the theory of evolution- since genes exist
only in order to spread themselves, active retrotrans-
posons in somatic cells were considered quite useless,
since these cells are not capable of passing on the DNA
to the progeny.
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On the contrary, thanks to technological progress,
now we know that retrotransposons are active after the
embryonic development in somatic tissues too, in par-
ticular in NS.

Fred H. Gage (Salk Institute for Biological Studies,
La Jolla, California) and Alysson R. Muotri (University
of California, San Diego) have observed the strong ac-
tivity of L1 in human brain and they recently have
made several experiments in order to describe the phe-
nomenon in more detail.

Highlighting cells with a new L1 insertion through
fluorescence, they observed that in mice, after physical
activity, after the exposure to a new outer stimulus and,
in general, to difficulties (factors that stimulate the
neurogenesis), the number of marked cells in hip-
pocampus was doubled.

So the L1 activity increases with the learning and
with the need of adapting to new situations.

Moreover, thanks to a recent discovery, we know that
the lineage of retrotransposons L1 active in human
genome evolved roughly 2.7 millions of years ago, after
the separation of the evolutionary lineages of humans
and of chimpanzees. This observation confirms some-
how that L1 elements are at the basis of the very quick
ability to adapt of our brain and that probably they
have been fundamental in Homo Sapiens evolution.

Now we focus on a fundamental biomolecular regu-
lation mechanism of gene activity: epigenetic modi-
fications. Recent studies have shown that the
epigenetic modifications, as a consequence of a new
outer stimulus, happen in a very short lapse of time.
Moreover it seems that (even though we do not have
certain evidences yet) the changes collected by the par-
ents are inherited by the progeny.

Eric J. Nestler (Friedman Brain Institute, Mount
Sinai Medical Center - New York) and his colleagues
are finding evidences of the fact that epigenetic modi-
fications can influence brain reaction to new situations
and the behaviour too. In particular their researches
focus on the effects of chronic stress and drugs.

Sometimes the epigenetic modifications last for a
short lapse of time, in order to make the nervous cells
answer quickly to a strong stimulation producing a
prolonged releasing wave of a neurotransmitter. Other
times the changes last for months, for years, or for the
entire life too influencing deeply the physiological
functions. These mechanisms are fundamental for the
ability to adapt and so very useful, however Eric J.
Nestler has observed that they can fail in diseases such
as depression or addiction. He has studied on mice the
epigenetic modifications that modify the activity of
brain reward centres genes as a consequence of cocaine
use (since this drug can cause addiction in animals too)
and he has observed that a single drug dose causes sig-
nificant and widespread changes in gene expression:
one hour after the first cocaine injection about 100
genes are activated for the first time. When the cocaine
use becomes chronic a smaller part of these genes is si-

lenced, whereas a bigger part becomes much more ac-
tive. Furthermore some of the epigenetic modifications
on the brain reward centres genes, caused by the daily
drug use, last for very long periods of time, even after
the complete interruption of cocaine injections. This
mechanisms are at the base of addiction, since they pre-
dispose the genes to future reactivations.

Eric J. Nestler and his brain trust have discovered
that chronic drug use increases the activity of some
genes inhibiting histone deacetylase and methyltrans-
ferase: more acetylated or less methylated chromatin is
expanded, so genetic transcription can take place. Co-
herently they observed that even the inhibition of these
two enzymes lasts for a good deal of time.

Eric J. Nestler’s laboratory has made also studies on
depression making docile and aggressive mice live to-
gether. Ten days after the beginning of the cohabitation
docile mice were not able to enjoy any kind of pleas-
ure, they were shy, anxious. Some of them became
obese since they had found consolation in food. The
brain trust has observed epigenetic modifications in
about 2000 genes of brain reward centre; in particular
in about 1200 genes the histone methylation (inhibi-
tion of gene activity) was particularly increased. So it
seems that depression can silence the genes capable of
activating the brain reward centre, creating a sort of
“molecular scar”. The same epigenetic changes have
been found even in human brain samples taken from
people suffering from depression. Treating the mice
with an antidepressant such as imipramine the modi-
fications could be reversed.

However a part of the mice were resilient to depres-
sion and many of the epigenetic modifications caused
by the stress were absent. On the other hand the brain
trust detected a new different epigenetic change on a
group of genes in brain reward centre. Probably at the
basis of resilience there is an alternative pattern of
modifications playing actively a protective role against
the stress effects. Moreover Eric J. Nestler and his col-
leagues discovered that the protective genes showing
the particular pattern of epigenetic changes in resilient
mice are the same genes whose correct activity, in mice
suffering from depression, is restored by imipramine.
Most part of these genes enhances the activity of brain
reward centre and so they act as a shield against de-
pression. So, probably, antidepressants activate protec-
tive epigenetic patterns that are already working in
resilient subjects.

Michael Meaney and his brain trust (McGill Univer-
sity, Montreal) demonstrated that epigenetic modifica-
tions can influence the behaviour all life long too.
Meaney’s team has studied the effects of maternal cares
on epigenetic modifications and the resulting progeny’s
reaction. They observed that the effects of maternal be-
haviour partially depend on epigenetic mechanisms.
The babies raised by negligent mothers have a much
higher DNA methylation grade in the regulatory se-
quences of the gene for the glucocorticoid receptor
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(which mediates the organism’s response to cortisol -the
stress hormone-) than the babies raised by caring moth-
ers. This methylation, observed in the hippocampus,
makes the nervous cells produce a minor quantity of re-
ceptor. In mice, the decrease of the receptors due to epi-
genetic modifications, caused anxiety, insecurety and, in
general, a worse response to stress, since the glucocorti-
coid receptor activation in hippocampus makes cortisol
production decrease. Moreover these changes on babies’
character last for the entire life.

However DNA methylation grade in the regulatory
sequences of the gene for the glucocorticoid receptor is
not the only cuause of character changes, after all the
influence of maternal behaviour is a very complex fac-
tor. Frances Champagne and his brain trust (Columbia
University), studying baby mice raised by negligent
and by caring mothers, have discovered similar differ-
ences in epigenetic modifications in babies’ genes for
oestrogens receptors.

So it seems that epigenetic changes can be inherited
by the progeny, even if the transmission, in this case,
does not follow the germline way. However may drugs,
stress, depression and other factors cause epigenetic
modifications in germ cells too? After all the effects of
every experience and of every psychophysical state re-
verberate in the whole body: in testicles and in ovaries
too. It is very difficult to give an answer to this ques-
tion since the epigenetic modifications collected during
the life are removed during the meiosis.

Recent studies suggest that some epigenetic modifi-
cations are probably inheritable: many laboratories
have observed that the progeny of stressed out mice has
a very low resilience to stress.

Isabelle Mansuy and her brain trust (University of
Zurich) have separated the baby mice from the mother
for the first two weeks of life and they have observed
that later, during the adulthood, the whole progeny
suffered from depression. Subsequently, even the off-
spring of these subjects showed the same symptoms,
although they have not been put under stress during
the early life. The brain trust has observed that this
phenomenon is linked to the modification of the DNA
methylation levels in several specific genes in brain
and in spermatozoa.

Eric J. Nestler and his colleagues have made a similar
experiment in their laboratory. They have put under
stress some male mice and they have observed that the
offspring suffered from anxiety and insecurety. How-
ever if the epigenetic changes are really inheritable, the
modifications should be traceable in germ cells too. So
the brain trust has fecundated the egg-cells of a normal
female subject with the spermatozoa of male stressed
out mice and they have observed that the offspring
were almost completely healthy, except for some light
symptoms of anxiety and insecurity. 

However we must consider that probably epigenetic
changes can be removed from spermatozoa during the
in vitro fecundation process.

These experiments have demonstrated that in general
the behaviour of the mothers coupled with stressed up
male subjects is different from the character of the
mothers coupled with normal mice or fecundated
through artificial insemination. So, probably, the de-
pression in the progeny is caused by experiences in the
early life rather than by epigenetic modifications in-
herited through germ cells.

Nevertheless we cannot say that epigenetic modifi-
cations collected by the parents cannot be inherited by
the progeny through the germline way. We do not have
certain evidences yet, however we can see how much
all these biomolecular mechanisms are fundamental in
our ability to adapt and in our amazing plasticity.

THe CASe OF TrAnSFOrMInG AnD
reUSInG leArnT COnTenTS:
THe COGnITIVe TRANSFERT AS
“nOeTIC eXAPTATIOn” AnD
MeTAeVOlUTIOnAry JUMP

The cognitive transfert is an excellent example of
evolutionary processes (in a wide meaning of the term)
that involve noetic sphere. We will focus the percep-
tive-motor transfert, that is an important side of these
processes. It offers us a meaningful example of “noetic
exaptation” because it is the opportunistic use of some
already existing structures. These cognitive structures
can be converted for different aims or in order to use
different bodily resources by few, relatively easy and
quick modifications. Building a fully new cognitive
structure would request a longer time, would imply a
much more difficult work, would involve more risks
of error. Then it is a question of opportunity and con-
venience. It is enough to individuate the opportune
starting structure and to orienteer the (even simple)
transformation in the right direction. Even if it can be
a brilliant solution, it is neither so automatic nor war-
ranted in its result. 

THe PerCePTIVe-MOTOr TrAnSFerT

Understanding world and reaching targets by move-
ments are the two sides of interaction between subject
and environment: man has a perceptive-motor interac-
tion with his environment.

It is impossible to distinguish these two kinds of
processes, as traditional vision has always proposed.
The “ballistic” models allow to simplify the systemic
nature of this double-sense interaction, disregarding
the circular effects between its sides: the perceptive and
the motor one. Isolating each one of these two compo-
nents is misleading because we lose their reciprocal de-
pendence.

A living subject can be “simply organic” as a Para-
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mecium or cognitive or noetic as a man, but in each
case it/he searches, orienteers, elects, avoids, trans-
forms, organizes, uses perceptions by action aimed at
acting on this function. For example, bodily and ocular
movements to explore visual environment or to follow
something interesting.

Besides it/he decides, regulates, organizes, leads,
stops its/his action by information gained by percep-
tion. Multisensorial perceptions are a constant (and
constantly used) source of information to act appropri-
ately. “Blind” movements that (for every reason) disre-
gard previous or real-time input are destined to fail.

Always input and output are part of a systemic circle,
even beyond the functionalistic vision… 

To maximize advantages, to minimize costs and to
magnify chances of fitness (not necessarily the extreme
success as surviving, but also small partial advantages)
man can use previous learning to satisfy new and un-
expected requests arising from environment. These re-
quests can be of different kinds:
• Physical. Interactions with physical laws that are

not experienced until now. These laws can involve
his own body or the surrounding world. The phys-
ical factors can be known one by one, but not in cer-
tain combinations

• biological. Interactions with physiological
processes of his own organism and/or of other ones,
as strength of his own or other’s muscular contrac-
tion, wideness of articular excursion and so on

• Anthropic. Interactions with cultural and cognitive
elements. This involves new explicative appara-
tuses, new computing algorithms and so on. A sud-
den intuition can be a good example of cognitive
transfert.

“Recycling” old cognitive structures and algorithms
offers important advantages:
• We can save a large part of costs and time in build-

ing the new contents
• We avoid risks of a quietly new not experienced

structure: there is a higher probability that some-
thing falls out of control and the subject does not
notice eventual incongruities

• Transfert ensures a close relation with the original
knowledge and its already established relations
with other cognitive contents. This allows an easier
memorization and use (both cognitive and concrete
use) of the knowledge obtained by transfert.

Understanding and interpreting what we perceive as
much as motor skills, even in different ways, are often
based on previous knowledge.

We always use this as a source, even if opportunely
adapted. An old Latin motto suggests: “Mutatis mutan-
dis”. This means: if we appropriately change some-
thing, what we can use of the previous knowledge is a
valid base. Resembling makes not fully new the new
learning and this allows to keep the process and its re-
sult under our control.

POSITIVe/neGATIVe MOTOr TrAnSFerT

Motor learning can be examined in a more analytic
way. He has a both adaptive and creative nature. 

Learning new skills is an effective way to expand the
dominion of the motor competences. The neural func-
tionality and the mental representation can be built “ex
nihilo”. But, for the already explained reasons, even in
different measure and in different ways, most times
this result is not obtained “ex nihilo”: a previous learn-
ing is “recycled” by opportune modifications to reach
the new skill. This process is quicker and cheaper than
starting from “zero”.

Transfert, even in a minimal quantity, happens more
or less always. That is to say that each “newly learnt”
content always has something “old” inside… This en-
sures continuity and systemic wholeness to our cogni-
tive evolution.

Cognitive contents and applicative competences are
reused.

The changes can be exiguous or conspicuous, but
however they are present and they are the margin of
originality of new learning. The nature of these trans-
ferts is different and first we distinguish positive and
negative ones.
– POSITIVe transfert is the happy reusing of previ-

ous competences. There is a high grade of affinity
between the old action and the new one and this
fact makes the transfert easier. However modifica-
tions are adequate regarding quality and enough re-
garding quantity. So the new action is satisfying in
reaching the aim and appropriate in its semantic/
communicational aspects.

– In the neGATIVe transfert the old learning inter-
feres with the new one, due to the fact that it flows
into it not appropriately. The affinity between these
pushes to a reusing of previously structured con-
tents, but without the necessary modifications.
These, even if they happen, are not adequate as
quality or not sufficient as quantity. The new learn-
ing does not reach an original and specific configu-
ration, so it does not differ enough from the old one,
so it is neither effective nor appropriate.

Even if during transfert positive and negative factors
can combine, seldom we can speak about a neutral
transfert. Always one between these two polarities
prevails.

The transfert may be considered a properly named
learning, even if “sui generis”.

When we teach an action we must activate positive
transfert and avoid negative ones.

In order to obtain this it is very important to show
relations between the old and the new action, clearly
comparing them under different aspects, so similarities
and differences are evident.

When we notice a negative transfert we must disso-
ciate the two actions: the old and the new one, trying
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to build a fully new structure for the new action, so that
it can escape from the misleading old pattern.

The transfert, disregarding its positive or its negative
connotation, can be classified according to the kind of
transformation that it requests or products.

Such neuro-cognitive transformation is realized in
different ways according to the direction of the jump
that is requested for this passage. 

So we can have these different kinds of transfert.

bIlATerAl TrAnSFerT

The original action that is visually executed by half
body (the right or the left one) or it is asymmetrical (it
has a chiral structure). By a few attempts, it can be ex-
ecuted also by the corresponding counter-lateral part
(or, more generally it is chirally inverted) by opportune
transformations of executive algorithm, that is to say
by opportune transfert. If we use the same pattern of
muscular activation, the action will be obviously chi-
rally inverted. So happened in Leonardo’s writing: he
wrote by the left hand, that he moved in a mirror-like
way. If we aim to obtain the same result by the action
of the left hand (compared to the one of the right hand),
we must radically change muscular activations. These
two ways of realizing bilateral transfert are quietly dif-
ferent: the first way pushes to focus the different parts
of body, the second way, on the contrary, pushes to
focus the result.

Starting from these different conditions, our brain
originates opportune algorithms to convert neuro-mus-
cular activations to obtain the wished aim by the
counter-lateral part.

SOMATIC TrAnSFerT

The action that is executed by a part of body can be re-
alized by another part. This part should be a generic one,
excluding the counter-lateral one: in this case we would
have the bilateral transfert again. For example, if we are
able to execute an action by an hand, we can execute it
by a foot or by the mouth. If we are able to write (usu-
ally we implement this competence by the dominant
hand), we can handle the pencil to trace the graphical
marks by a foot or by mouth. We can change also the de-
vice (a painting brush instead of a pencil) or other pa-
rameters. Obviously the subject should focus the shape
and the structure of the marks or the kinetic of the action
to implement it by the opportune movements.

re-ArrAnGInG TrAnSFerT

This is the most studied and showed case in specific
literature, insomuch to be identified with “the” trans-

fert. A new action should be structured at the neuro-
cognitive level and, aimed at this, it takes advantage
from the kinetic similarity with another action that we
are able to execute. Usually the new action involves
more or less the same parts. We should focus the dif-
ferences, to obtain the different aim.

DIMenSIOnAl TrAnSFerT

A new action can have a similar kinetics but a differ-
ent dimensional scale. It can be oversized or, on the
contrary, undersized. Let us use the example of writing:
if we are able to trace signs of half centimeter size by a
pen on paper surface, it will not be difficult to use a
big paint brush and painting on a wall the same signs
two meters wide.

This transformation involves many changes: muscu-
lar activations, articular excursions, management of
body balance/posture that are quietly different, espe-
cially if size difference is conspicuous.

If we want to obtain this kind of transfert it is impor-
tant to focus on the invariant features of the result of
the action (shape, pattern, reciprocal position of the
signs), separating them from the other ones (first the
dimension, but not strictly only the dimension: pres-
sure on the surface, quickness, use of feedbacks…).

eXeCUTIVe TrAnSFerT

The same aim is implemented by an alternative exe-
cution. It is not a properly defined transfert, even if the
convergence toward the same aim makes the two exe-
cution somehow related.

We can take the same example of the writing. If we
have not a pen or a pencil available and we have a PC
the solution is easy to imagine: we digit the text and
we print it. The final aim of the written message is the
main point of contact between the two actions. More
exactly we focus the hierarchically superior aim, not to
write by a pen, but somehow to write the message.
This aim can be even more general: to communicate the
message. We have no pen and paper, no PC and no
printer, but we have a phone: we compose the number
and we speak to the addressee.

Comparing this transfert with the re-arranging one
we notice that it is the opposite: instead of using the
same (or close to same) execution for a different aim,
now we use a different execution for the same aim.

MeTAeVOlUTIOn FOr OTHer AUTHOrS

During most recent years, many scholars have been
interested in metaevolution, even if according to dif-
ferent meanings and perspectives.
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In the matter of this multiplicity of ideas we have
chosen a few meaningful examples.

Paras Copra
Paras Copra speaks about “Metaevolution” or EoE

(Evolution of Evolution) as extension of the dominion
of evolution toward a systemic dimension. First he re-
stricts the term to the history of life. He agrees with
Chaitin in giving centrality to information, disregard-
ing its “natural” or “artificial” nature. On this basis, his
main thesis is the impossibility of isolating the linear
chain of each species in its evolutionary transforma-
tions. Evolution can be understood only if considered
as a complex network of feed-backs and feed-forwards
between the species and its environment. The subject
of evolution is at an upper level: the biome or the
whole ecosystem. We cannot preview the course of
evolution if we do not consider all aspects. Each single
change modifies the other ones. “A change changes an-
other change” and so on, in a systemic network of re-
ciprocal influences. The proposal of a wider systemic
horizon for evolutionary events does not seems a very
original idea… EoE, in Copra’s theory, is the transver-
sal enlargement of evolutionary landscape, instead of
involving chronological dimension.

John E. Stewart
John E. Stewart, in his article “Metaevolution” (Jour-

nal of Social and Evolutionary Sciences, Vol 18, Issue 2,
1995, pp. 113-147), similarly to Paras Copra, sees
metaevolution in higher level of hierarchy and of net-
work of relations (cooperation etc.) among species in
living processes.

The sense of metaevolution that we find in “Meta
Evolution” (http://meta-evolution.blogspot.it/, Sep-
tember 7th, 2012) is more interesting. Here the Author
proposes “an attempt to generalize the arrow of time:
from entropic equalization, to biomorphic reproduc-
tion, to cognitive exploration”. That is to say that it is
possible to individuate a superior level regarding time
arrow. Besides there is an interesting distinction
among the factors that share the evolutionary feature.
In fact this more general level is inclusive of the phys-
ical, biological and anthropic ones, defining evolution
in a common way.

If we place matter, life and intelligence according to
this order we can say that metaevolution can be consid-
ered as “incremental abstraction of such conserved cores
in higher phases”. The conserved core can allow an
adaptive environmental interface. In biological systems,
the Author individuates the genome and the phenotype,
but we could consider also NS and other aspects of or-
ganic organization. This makes us think about jumps of
expansion of dominion, about emergences each one
based on the previous core. In his own words:

«Superficially similar to my interpretation are The
Major Transitions in Evolution & Meta-Systems Tran-
sition Theory. From John Stewart’s (hopelessly

utopian) Evolution’s Arrow: “Two attributes that increase
as evolution proceeds are the scale of cooperative organization
and evolvability through the discovery of effective adapta-
tions.” But cooperation as a group selection is a notori-
ously inefficient mechanism.»

In Author’s opinion the most important engine of
evolution is the conservation of refined/abstract traits,
related to complex phenotypes. He writes: “The later,
however, is a cost, while core propagation is a benefit
(not result) of this trend.”

The Author gives a meaningful comparable defini-
tion of evolution regarding these three aspects:
• “entropy growth: equalization & stabilization of

matter & energy distribution across space-time for
all interacting entities. The maximized fitness here
is a continuous recurrence.

• biological evolution: restoration & reproduction of
internally & externally differentiated genomes by
selective metabolism of their constituents. The fit-
ness is a discontinuous recurrence.

• Cognitive exploration: recognition & projection of
translated correspondence between new inputs &
known “templates“. The fitness is a hierarchically
projected model/ environment recurrence.”

This three cases have the common aspect of involving
the arrow of time, the irreversibility of the processes.
It is meaningful, but it is not without risks. The main
risk of this vision is the involving of a linear ordinate
model, disregarding the reciprocal implications of this
different core. For example: information is metabolized
not only by cognitive systems, but also by organisms
(RNA-DNA, hormones, chemical mediators, enzymes,
NS, etc.) and cognitive systems are linked to matter-
energy processes, and contemporaneously influenced
by them.

Adam Nellis
Adam Nellis (Towards meta-evolution via embodiment in

artificial chemistries, PhD thesis, University of York, Com-
puter Science Dpt., ID code 3701, 2013) defines
metaevolution as “the ability to generate novel ways of
generating novelty” (very close to the meaning we at-
tribute to this term) and places it in the field of Artifi-
cial Life research, referring to meta-evolutionary
algorithms. “Embodiment” is the factor that makes bi-
ological and computational systems a unique field of
study. The embodiment is the condition, both for bio-
logical and for computational systems, to accede to
meta-evolutionary possibilities.

Specific aspects of information and its evolutionary
transformation are studied in a particular field of re-
search, called “informationalism”. Mainly it has devel-
oped in technological contests, such as microelectronics
and genetic engineering.

The most meaningful features of information are:
Its capability of self-expanding, regarding volume,

complexity and speediness
Its recombining capability
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Its distributed flexibility, empowering human capa-
bility of elaborating it (information)

Sebastian Seung
Sebastian Seung (Connectome: How the Brain’s Wiring

Makes Us Who We Are, Houghton Mifflin Harcout, 2013;
Italian translation: Connettoma. La nuova geografia della
mente, Codice editore, Marzo 2013) explains why
human NS is a metaevolutionary jump: it contains
much more information than genome. In our NS we
find 7.1014 connections against 106 bases in DNA.
Therefore in neurological studies it is more important
to study the whole network of connections instead of
the single neuron.

Warren Weaver
Warren Weaver was a scholar with a deeply multi-

disciplinary thought. He was among the earliest scien-
tists in defining complexity in a clear way (Science and
Complexity, in “American Scientist”, 1948).

Weaver proposes a taxonomy of three types of dy-
namic systems: simple (with a few variables, usually
from one to four, and typical in traditional physics),
with disorganized complexity, with organized com-
plexity.

In its own definition the complexity implies a high
number of variables. But there is a difference between
the disorganized complexity and the organized one. The
difference is the grade of connection among their vari-
ables. In the disorganized complexity this grade is very
low or close to zero. In the organized one the grade is
much higher and makes the system an organic whole.

This can be represented by a mathematical model,
but we need a kind of math that is quietly different
from the traditional one, and also different from the
statistical methods: statistics is more appropriate with
disorganized complexity. 

Weaver also gave the name to a recent science: mo-
lecular biology.

The later fifty years of science history demonstrated he
was right and the main problems to be solved were re-
garding complexity, both disorganized and organized.

Many other related studies must be cited. Here
we cite some of these, especially the ones realized
during the last half century. Even if these studies are
deep and wide, we have not a general definition of
complexity yet. We have many meanings: algorithmic
(Gregory Chaitin, Andrei Kolgomorov), medical (The
self-organization at chaos boundaries by Kauffman), bio-
logical (morphogenetic fields by Brian Goodwin),
chemical (metaevolution by Manfred Eigen), physical
(adaptive complexity by Murray Gell-Mann). Maybe,
as Weaver said, that complexity cannot be framed into
a unique theory.

The beginning of the mathematical approach to com-
plexity can be placed in mid XX century, in thermody-
namic contests, referring to systems that are “far from
balance” (Prigogine). Local isles of lowering entropy

can be found in a universe that unavoidably increases
it. This does not contradict the famous “Second Princi-
ple”. But the most important aspect is the introduction
of irreversibility. In mechanics all processes are per-
fectly reversible, thermodynamic goes according to
arrow of time. Even if J.C. Maxwell proposes a kinetic
theory of temperature and pressure, these two disci-
plines remain different. Ludwig Boltzmann introduces
the statistic mechanics by his “Theorem H”. Here he
says that thermodynamic irreversibility is apparent. It
seems that the initial condition cannot be obtained
again, but it is only a very improbable status of the sys-
tem: improbable but not (theoretically) impossible.
Final balance, the entropic death of the system is only
the ensemble of most probable statuses. Nevertheless
creative fluctuation are locally possible.

Systems that are far from balance (low entropy) can
have the property of further lowering of this parameter.
“Thermodynamics of non-balance” becomes an au-
tonomous chapter at mid XX Century. This is linked to
the names of several famous scholars: De Groot, Kirk-
wood, Katchalsky, Mazur, Lars Onsager (Nobel award
in 1968), Ilya Prigogine (Nobel award in 1977).

The main contribution of Onsanger and Prigogine
was the mathematical demonstration that small fluctu-
ations (that push the system out of the balance and out
of the entropic trend only a little) are quickly re-ab-
sorbed. On the contrary, if the system is (or goes) very
far from the thermodynamic balance is more stable in
its condition. Besides it is very probable that this sys-
tem can become more and more complex, that is to say
that it can evolve in this direction. Prigogine names
them “Dissipative Systems”, due to its possibility of
producing more and more negentropy. Obviously it is
possible if it can increase the entropy of a further sys-
tem. The biosphere of Earth is a wonderful example.
This conception has been applied to social sciences, to
ecology and so on, with effectiveness.

Ilya Prigogine
Ilya Prigogine is considered the establisher of the

self-organization principle, both in scientific and in
philosophical field. In the Eighties this arrived to push
scholars to enunciate a sort of “Second Principle of
Complexity”. In this vision all turns around fluctua-
tions, even if only a small part of them reaches the dis-
sipative level. He calls “Critical Fluctuations” the ones
that are capable of pushing the system toward a further
lowering of entropy, that is to say a condition of higher
stability and higher order. This makes critical fluctua-
tions the evolution engine. Besides they are the base of
irreversibility and of possible avoiding of classical de-
terminism. Each critical fluctuation places the system
in front of a bifurcation: it can “choose” (it happens in
a random and not pre-viewable way) among different
possibilities: reverse of fluctuation or magnification of
fluctuation according to some forms of order. If system
does not come back to entropic trend, stochastic equa-

Non
-co

mmerc
ial

 us
e o

nly



74

JOUrnAl OF THe SIenA ACADeMy OF SCIenCeS, PUblISHeD SInCe 1761 - VOl. 5 - 2013

tions replace linear ones. We can refer to many exam-
ples: the cells by Bérnard (in a liquid, disposed in a
wide container and with a small deepness, convective
movements happen according to hexagonal packaged
cells, close one another, of similar dimension) or the
chemical reactions by Belusov-Zhabotinskij (whose
balance goes toward and back continuously, with reg-
ular times, between two different points, evident
thanks to the different colour acquired by the sub-
stances). All these phenomena can be found in many
kinds of systems, disregarding their grade of complex-
ity or the fact of being physical, chemical or biological.
The unique condition is that the system is far from bal-
ance. Nevertheless, the similarity between physical-
chemical systems and biological or social ones is not
so direct and non-conditioned. Many scholars do not
agree with Prigogine, but however his work gives us
the parameters of a new rationality: the probabilistic
one instead of the traditional deterministic one.

After Prigogine further researches suggest that the
problem of the relations among complexity, self-orga-
nization and entropy cannot be studied only in Ther-
modynamics.
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InTrODUCTIOn

Swallowing is the skill to transfer solid, liquid and
gas substances from the external environment to the
stomach. Swallowing pathology can be divided into
four big chapters: (1) malformations, (2) defects in the
passage from childlike deglutition to the adult one, (3)
adult swallowing pathology, (4) dysfunctional dis-
eases. In particular, the second form is known as atyp-
ical swallowing and it is characterized by the
persistence of childlike swallowing at the end of dental
eruption (at the age of seven years), when normally the
adult form appears [1-2]. One of the main causes of this
alteration is macroglossia.

Macroglossia is the abnormal enlargement of the
tongue, that at rest leaks over the teeth. It can be divided
into: (1) true macroglossia, when the increased volume
is caused by histological alterations, and (2) relative
macroglossia, when tongue volume is normal but there
is an insufficient space in the oral cavity. Diagnosis is
clinical, treatment is logopedic and surgical, according
to tongue dimensions, risk of complications and patient
compliance. Complications, if not identified and treated,
can be lethal. In fact, children with macroglossia have
an increased incidence of respiratory diseases, especially
Obstructive Sleep Apnea Syndrome (OSAS) and an in-
creased risk of infections of the upper and lower respi-

ratory tract, ear and Central Nervous System due to oral
breathing. Moreover, there are dental malocclusions, er-
rors in the articulation of words and aesthetic damages
that can create many problems in the social relationships
with other children [3-4].

In this study we focused on two causes of macroglos-
sia: Beckwith-Wiedemann Syndrome and Down Syn-
drome.

Beckwith-Wiedemann Syndrome (BWS) is a rare ge-
netic disorder with an incidence of 1/13700 births. The
syndrome is due to an anomaly in the imprinting re-
gion on chromosome 11p15. BWS is characterized by
prenatal and postnatal overgrowth, macroglossia, an-
terior abdominal wall defects, ear anomalies, facial
nevus flammeus, organomegaly, genitourinary abnormal-
ities, hypoglycemia, microcephaly, hemihyperplasia,
heart dysfunction, mental retardation and increased
risk of neoplasms, especially Wilms Tumour. Diagnosis
is clinical and it is confirmed by cytogenetic and mo-
lecular analyses. Macroglossia is observed in 97% of
BWS cases, it is a true macroglossia and it represents
one of the main diagnostic criteria. In the first year of
life there is a high risk of respiratory and alimentary
disorders, but in the following period there is often an
improvement and the prognosis quoad vitam is good,
even if morbidity remains elevated [5-8].

Down Syndrome (DS) is a frequent condition with
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Abstract. Atypical swallowing is the persistence of childlike deglutition at the end of dental eruption. One of the main
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an incidence of about 1/800 births, caused by a chro-
mosomal aberration. Diagnosis of DS is clinical and it
is confirmed by karyotype analysis [9-11]. Macroglos-
sia is relative, in the context of an overall skull dyspla-
sia. In fact, between the 6th and 12th week of gestation
an overall reduction in eyes, brain, hands and heart de-
velopment takes place. A study performed at the Radi-
ology Department of Cincinnati Children’s Hospital
showed reduced skull and facial parameters with
tongue proportionally larger in relation to them in pa-
tients with Down Syndrome vs. healthy children [12].
In DS macroglossia leads to atypical deglutition,
breathing difficulties and increased risk of infections
and contributes significantly to three orthodontic alter-
ations: (1) anatomic deep bite, (2) functional openbite
and (3) class III malocclusion [13]. 

eVAlUATIOn AnD lOGOPeDIC
TreATMenT OF MACrOGlOSSIA

Evaluation
The correct evaluation of patients is global: the

speech therapist has to consider expression and com-
prehension of the language, reading, writing and
speaking abilities, voice technical parameters like fre-
quency and timbre, graphic capabilities as well as the
psychological aspects of the child’s behaviour. Logope-
dic evaluation is structured in three moments: (1) col-
lection of information by talking with parents
(anamnesis) and evaluation of clinical data written by
the paediatrician who sent the patient; (2) observation
of the patient; (3) discussion with parents about the re-
sults of the examination and the therapeutic program.

The first step consists in the voice registration that is
fundamental to have an idea of its quality. The second
step is the physical examination, both at rest and dy-
namic, which has to include also a phonetic examina-
tion. Clinical examination at rest permits the
evaluation of the oropharyngeal morphology: shape
and dimensions of the tongue, presence of macroglos-
sia, ogival palate, short lingual frenulum, hypersaliva-
tion, tonsillar hypertrophy, nose stenosis. Dynamic
examination is useful to observe oral, facial (masseter,
temporal and mentalis) and velopalatine muscles func-
tion, lips and tongue mobility, temporo-mandibular
joint and presence of dyspraxia and apraxia. The diag-
nosis of atypical swallowing due to macroglossia is
made according to the results of anamnesis and clinical
examination. Afterwards the speech therapist requests
information regarding feeding (breast-feeding or bot-
tle-feeding), sucking (dummy and/or finger, until what
age), dental development, feeding and sleep habits,
presence of infections, allergies, diseases of tonsils or
adenoids and about any surgical treatment such as ton-
sillectomy and/or adenoidectomy. It is fundamental to
remember that logopedic evaluation has to be global

and not limited to macroglossia, because this is a single
aspect of a wider clinical status, especially if the patient
is affected by a genetic syndrome [14-15].

Treatment
After the evaluation and before starting the treat-

ment, the patient undergoes other medical examina-
tions: otorhinolaryngological, dental, audiometric and
phoniatric, he then is subjected to a radiologic exam of
the oral cavity and to polysomnography, if necessary.
Patients should undergo the first examination during
their first year of life, in order to start the treatment as
soon as possible. Until the seventies, treatment meth-
ods did not include a global vision, but focused on the
specific pathologic aspect. On the contrary, in the last
ten years, experts have begun to consider the oral func-
tion in an unitary way, evaluating breathing, feeding,
sucking, swallowing, chewing, speech articulation,
taste, and facial expression altogether. The treatment
has to be personalized and adjusted according to the
global characteristics of the patient, and not only based
on the disease. The rehabilitative intervention in new-
borns and children with macroglossia focuses at first
on lips and cheeks tonicity, on the increase of the
strength of perioral and oral muscles and on control
and coordination of tongue movements. Once these ob-
jectives are achieved, the speech therapist can start
working on his main objective: the reduction of tongue
protrusion, which, in turn, leads to a reduction of den-
tal, feeding and breathing alterations and of the risk of
infections. The speech therapist has to work, from the
first year of a patients’ life, on pre-speech abilities, that
are the basis of the articulated language [16].

Sucking can be difficult in new-borns with
macroglossia, especially in DS patients, because of the
poor muscle tissue: an improvement can be achieved
by teaching the mother specific positions that help the
baby to concentrate his energy only on sucking. The
use of feeding bottles is not recommended because the
tongue takes a low position, and after the second year
dummies should be avoided, too. The intervention has
to allow the patient the acquisition of all the funda-
mental motor skills before he is 3, because after this
period the modification of anatomy and habits be-
comes very difficult. In fact, if the patient undergoes
the first examination when he is older, the therapist
has less possibilities of intervention and, in many
cases, an orthodontic apparatus or a surgical interven-
tion may become a necessity. 

There are a large variety of exercises, divided into 3
phases. At the beginning the activity of metacognition
is crucial in order to help the patient to know the struc-
ture and the function of his own face, lips, tongue,
mouth and nose; the second phase consists in the pas-
sive functional training, with the speech therapist per-
forming exercises on the patient’s face; the third phase
consists in the active functional training, with the pa-
tient doing exercises by himself [16].
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The utility of odontostomatologic rehabilitative treat-
ments in children with DS and/or mental retardation
has been demonstrated. One of the most useful instru-
ments in this field are Castillo-Morales plates; they are
mobile devices that can stimulate the movements of the
tongue, lips and chewing muscles and facilitate the clo-
sure of the mouth correcting the incorrect tongue and
lips position through stimulation elements. The aim is
to improve nasal breathing and to acquire physiologic
swallowing and sucking [17-18].

PATIenTS, MeTHODS AnD reSUlTS

This study is based on a series of 7 patients presented
for evaluation to the Department of Pediatrics of the
University of Siena: 3 of them with diagnosis of BWS,
2 with diagnosis of DS and 2 with isolated atypical
swallowing. The study has a wide age range (between
4 and 14 years of age); 5 patients presented true or rel-
ative macroglossia, 4 patients presented atypical swal-
lowing (the last three patients weren’t evaluable
because they were less than seven years old); 7 patients
had hypotonic perioral muscles, 6 patients presented
dyslalic speech (the seventh patient wasn’t evaluable
because he was too young), 3 patients presented men-
tal retardation of different degrees. The patients were
submitted to logopedic evaluation and an individual-
ized therapeutic schedule was planned. BWS and DS
patients underwent follow up examinations every 3
months; patients with isolated atypical swallowing un-
derwent logopedic examinations and treatments only,
since the diagnosis was made by a dentist when they
were 7. 1 patient didn’t continue the therapy and she
was lost to both medical and logopedic follow up; 1
patient started the therapy with little delay; the other
5 patients correctly followed the planned schedule.

Medical examination comprised physical, laboratory
and instrumental exams. An accurate familiar anamne-
sis was made, especially focusing on the research of
any genetic diseases. We evaluated parameters related
to pre- and postnatal period. Logopedic evaluation con-
sisted in: registration of voice parameters (intensity,
height, timbre, vocal attack), phonetic and articulation
exam (isolated phonemes and phonemes at the begin-
ning, in the middle and at the end of the words), ges-
tural communication, oral communication (vocalise,
holophrasis, spontaneous contracted sentence, sponta-
neous structured sentence, correct use of articles and
verbs, correctness of speech, lexical richness), oral com-
prehension (execution of gestures on request, simple
exercises, identification of objects, figures and actions),
evaluation of graphic, writing, reading, rhythmic and
perceptive levels (association and abstraction capabil-
ities; chromatic, time and space, direction and orienta-
tion perception, identification of measures and forms,
knowledge of body scheme and denomination of vari-

ous body’s components), global and fine motricity, be-
havioural scheme. Great attention was paid to the ex-
ecution of buccal-lingual movements, to the
observation of perioral muscles, tongue, lips and jaw
and to the evaluation of breathing, swallowing and
chewing abilities. Once the evaluation was completed,
an individualized therapeutic schedule was planned.

Patient 1, female (twin birth). She presented at birth
the typical BWS features. Clinical diagnosis was con-
firmed by genetic studies. The patient presented mild
mental retardation, medium hypoacusis and true
macroglossia. At the age of 3 she underwent surgery to
remove a Wilms Tumour. A speech therapist evaluated
the patient when she was 4 and 6 and specific exercises
were planned, but the parents decided to interrupt the
follow up. In February 2009 the patient was contacted
by the Department of Pediatrics and she was evaluated
in March 2009: the parents, who had not accepted their
daughter’s genetic disease, reported that she had never
done any logopedic exercise and in 2008 the dentist
had to implant Castillo-Morale plates, without receiv-
ing any benefit. During the examination emerged the
permanence of all the defects presented in previous ex-
aminations and atypical swallowing was detected. The
patient has a progressive disease and atypical swallow-
ing worsened through the years.

Patient 2, female, presented at birth the typical BWS
features. Clinical diagnosis was confirmed by genetic
studies. In October 2009 she was examined by a
speech therapist who identified the presence of
macroglossia and a mild defect of language, swallow-
ing and chewing. She showed a spontaneous improve-
ment of macroglossia during the growth, but some
articulatory, swallowing and aesthetical disabilities re-
mained, with an high risk of developing atypical swal-
lowing in the future; for this reason she started, when
she was 4, logopedic therapy to stimulate lips and
tongue hypotonic muscles and some praxis exercises
for tongue and lips were recommended to better con-
tain the tongue into the mouth. After only few sessions
of therapy we observed an improvement of her condi-
tions, with a reduction of tongue protrusion at rest.

Patient 3, male (twin birth), presented at birth some
of the typical BWS features. At the age of 10 months he
underwent pediatric, otorhinolaryngological, psycho-
logical and logopedic examinations. The presence of
macroglossia was detected. No alterations of feeding and
breathing were present. Some praxis exercises were rec-
ommended to strengthen lips and to improve tongue
motility. He achieved remarkable improvements in con-
centration, behavioural, attention and phonatory abili-
ties, tongue protrusion was reduced, muscular tone
became stronger and his compliance improved.

Patient 4, male, presented at birth the typical DS
characteristics. Clinical diagnosis was confirmed by ge-
netic analyses. At the age of 3years he underwent the
first psychological and logopedic examination and a lo-
gopedic treatment was started. At the beginning he did
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not collaborate, but during the following examinations
he established a good interaction with the therapist
and his interest for the exercises improved. Exercises
to correct macroglossia and to improve language, atten-
tion and concentration capabilities were made. As for
macroglossia, great attention was paid to the stimula-
tion of buccal-facial praxis. He achieved remarkable
improvements in concentration, behavioural, attention
and phonatory abilities, tongue protrusion was re-
duced, muscular tone became stronger.

Patient 5, female, presented at birth many of the char-
acteristics of DS. Clinical diagnosis was confirmed by
genetic analyses. She presented a global and heavy hy-
potonia with a notable difficulty with sucking and a
delayed psychomotor development. The presence of
macroglossia was detected. At the age of 7 months she
had epileptic crises and diagnosis of West Syndrome
was made. At the age of 16 months hypothyroidism
was diagnosed. The speech was dyslalic and difficult
to understand, there was a lack of coordination of oral-
facial praxis and the writing was difficult. When she
was 7 atypical swallowing was detected. Since the age
of 14 months she did logopedic exercises 3 times a
week, with very good response in all fields, especially
with regard to macroglossia, atypical swallowing and
language comprehension. 

In this study, in order to emphasize problems con-
nected with atypical swallowing, 2 patients with iso-
lated atypical deglutition were followed during
logopedic evaluation and treatment.

Patient 6, female; the diagnosis was made by a dentist
at the age of seven years. She underwent a logopedic
evaluation, in which specific tests for atypical swallow-
ing were performed with a positive result. The speech
therapist planned Garliner myofunctional therapy [19-
20] in association with praxis, respiratory and phonetic
exercises. The following examinations were made
weekly for 2 months, and then every other week, with
good compliance and positive results after a few months.

Patient 7, female. The diagnosis was made by a dentist
at the age of seven years. She was evaluated by a speech
therapist and specific tests for atypical swallowing re-
sulted positive. In addition, she presented phonetic and
phonologic defects. Garliner myofunctional therapy was
started with good compliance and positive results.

DISCUSSIOn

The main goal of this study was to prove the impor-
tance of early logopedic treatment in patients with ge-
netic syndromes associated with macroglossia: Down
Syndrome and Beckwith-Wiedemann Syndrome. This
approach allows improvement in the outcome and fa-
cilitation of rehabilitation, with particular regard to
atypical swallowing. A logopedic approach has been
used in these syndromes for a long time, but often only

an evaluation is made and whether treatment schedule
isn’t planned or the therapy is started too late, or it is
followed irregularly and/or incompletely. In fact logo-
pedic treatment has often been left out or considered
only a support for surgery.

In our study, despite the small sample, we were able
to make interesting observations; first of all the ap-
proach has to be individualized according to the char-
acteristics of the single patient. In some cases logopedic
therapy can represent an alternative to, and not only a
support for, surgery. Surgical treatment is still the main
option when it is not possible to contain the tongue
into the oral cavity or the tongue protrusion makes
breathing more difficult.

Since macroglossia is one of the causes of atypical
swallowing, in this study following the evaluation and
treatment of patients 6 and 7 with isolated atypical deg-
lutition, sent to logopedic observation when they were
seven, was very useful. We evaluated the difficulties of
these patients to set up “de novo” the mechanism of deg-
lutition, even if there were no other problems and they
complied well. In these patients logopedic treatment,
started early, corrected the problem completely, while
in patients with a worse clinical situation and significant
comorbidities it didn’t happened. In fact, patient 1, who
didn’t received a constant, intensive and continuative
treatment, showed, at the age of ten, compromised gen-
eral conditions, with a large hypotonic tongue protrud-
ing from the oral cavity and the lips, never stimulated,
were hypotonic. Muscle hypotonia (with particular re-
gard to perioral muscles), ogival palate, oral breathing,
and evident macroglossia worked together to set up ab-
normal swallowing. In these conditions therapy was
more complicated because we had to treat simultane-
ously tongue obstruction, muscle hypotonia and the fea-
tures of adenoid facies. In 2008 Castillo Morales’ device
was applied but produced very little benefit. As for pa-
tient 5 she had a logopedic evaluation at the age of 14
months, she presented global hypotonia and a delayed
psychomotor development; she was strictly followed in
her treatment and she showed great improvements in
using the tongue and in controlling the structures of the
oral cavity, even if the speech is still difficult to under-
stand. Analysing these two patients – the most serious
in the study – the differences between the two genetic
syndromes – BWS and DS – clearly emerge. In fact, pa-
tient 1 presented true macroglossia, mild mental retar-
dation, no behavioural alterations, while patient 5
presented relative macroglossia, severe mental retarda-
tion and remarkable behavioural alterations. The chil-
dren, who are around the same age, had very different
progression and outcome: patient 5 had a number of
problems at the beginning, but early treatment enabled
considerable improvements, while patient 1 didn’t
show any improvements because of the rejection of lo-
gopedic therapy: this caused the progression of her
deficit through the years. With age, incorrect habits, like
oral breathing, got stronger becoming increasingly dif-
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ficult to modify even with a correct therapy, because re-
habilitation is more complicated than intervention be-
fore a wrong habit is consolidated.

COnClUSIOnS

Considering “genetic” as synonymous of “irre-
versible” is a wrong presupposition and it is an addi-
tional penalty for people with Down Syndrome or with
Beckwith-Wiedemann Syndrome because they are
clearly and unquestionably genetic. For this reason re-
habilitative objectives are often very low (too low) and
the patients are undertreated or treated too late. 

Another historical mistake is that early physiother-
apy (which is right) is not joined by logopedic therapy.
This fact is justified with the statement: “it is too soon
for logopedic treatment”; the truth is that in rehabili-
tation the concept of “too soon” doesn’t exist, but un-
fortunately the concept of “too late” does. Early and
intensive intervention is the best weapon when a re-
habilitative treatment is necessary.

Recently, the attitude of clinicians is changing: in fact
they tend to leave out functional rehabilitative treat-
ments such as mobile devices, while they recommend
performing physiotherapy oral exercises precociously
and perseveringly, in order to set up correct positions
and feeding habits. Patients should be evaluated as
soon as possible (the best thing would be to evaluate
the child during his first year of life) by a team com-
prising surgeons, paediatricians, geneticists, childish
neuropsychiatrists and speech therapists. Each expert
should establish short, middle and long term objectives
and use his creativity to propose various types of exer-
cises keeping the child’s interest at high levels. There-
fore a sensible balance between technicality and
creativity is very important, and the final intention has
to be care, not only cure.
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InTrODUCTIOn

Epispadias is a rare diagnosis and most commonly
described as a part of the bladder exstrophy complex.
Epispadias is characterized by failure of the urethral
plate to tubularize on the dorsum with defect ranging
from glandular to penopubic location. In addition,
male patient demonstrate a dorsal chordee whereas fe-
male patient exibit a bifid clitoris [1,2,3]. Epispadias
repair is one of the great technical challenges in pedi-
atric reconstructive urology.

Since the original description by Cantwell, multiple
modifications have been made to the technique of
Cantwell. As a tertiary referral center, we received two
cases of epispadias and we present two cases of our ex-
perience where we used the complete penile disassem-

bly technique by Mitchell-Caione based on a reapprox-
imation of the muscular plane of pelvic diaphragm and
elevator muscle around the posterior urethra recon-
struction in order to obtain the voluntary control of the
continence [4,5].

CASe 1

A 2-years child, with male epispadia of II grade, was
referred to our unit. He was born with this rare anom-
aly. His parents were consanguineous (first cousins).
Both the prenatal and perinatal history records were
unremarkable.

Examination of the genitalia revealed epispadia of II
grade, the scrotum was normal in size, containing normal
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Abstract. Isolated male epispadias defect is present in 10% of cases of epispadias-exstrophy complex. Many surgical tech-
nique have been described for repair of male epispadias. The aim of surgical repair is to get cosmetically acceptable and func-
tional penis with a ventrally located urethra opening at the tip of the glans and moreover to give the patient a urinary
continence. Surgical repair of epispadias malformation remains debatable as evident by the different techniques adopted.
We present two cases of our experience where we used the complete penile disassembly tecnique by Mitchell-Caione in
wich we acts on the voluntary control of urination by the reapproximation of the muscular plane of pelvic diaphragm and el-
evator muscle around the posterior urethra reconstructed. Epispadias repairs was performed on two incontinent male epis-
padias patient, aged 2 to 3 years. Both cases were untreated. Complete disassembly of penil components was performed to
the corporal attachments down to the horizontal branches of pubic bones. The corporal bodies and the glans were split on
the sagittal plane according to Grady-Mitchell. The central portion of the urethral plate was preserved intact. An electric stim-
ulator was used to identify and reapproximate at the midline the muscular fibers that constitute the periurethral muscular
complex, as a part of the anterior perineal membrane. “Z plasties” were necessary according to initial urethral length and
width: the urethra was reconstructed over a double catheters, using 5/0 polyglicolic acid interrupted sutures in a single layer.
In one patient we sutured symphisis pubis opened precedently, using 1/0 polyglicolic acid. The urethra was placed ventrally
in the reconstructed shaft under the two corpora as Mitchell technique. Glanduloplasty was then performed. Patients were
followed up for one month (June 2012). The penis of the two patients had a satisfactory cosmetic appearance with no dorsal
chordee. Morover, our patients obtained urinary continence. The limitation of our study was the low follow-up. The electric
stimulator used to identify pelvic muscle components in the sagittal plane for reapproximate the posterior tabularized urethra
to form the periurethral muscle complex and the “Z-plasties” that elongated the urethra significantly.This procedure seems
to be satisfactory for the repair of cases of isolated male epispadias because we have good results in cosmetic appearance and
in urinary continence. Our study is a preliminary report and a longer follow-up with a larger number of cases is needed to
document further the success of the procedure.

Key words: urethra, muscle, striated, epispadias, urinary incontinence.
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descended testes. The anus was in its normal location.
Plain pelvic radiographs showed separation of the

pubic rami and a normal spine. Renal ultrasonography
did not demonstrate any associated renal anomaly. Cis-
tourethrography didn’t show vescical uretheral reflux
(Figure 1).

The patient was treated with the technique of
Mitchell-Caione. The urethra was tubularized over a
10F stent that was removed on 19th post-operative day.
We followed the patient up for 5 months (from June to
November). Cosmesis was good there was no sever
upper tract dilatation, no renal function deterioration
was observed. After five months he sensed voiding
stimulus and obtained continence. 

CASe 2

A 3-years child, with male epispadia of III grade was
referred to our unit. He was born with this rare anom-
aly, his parent were first cousins, and his prenatal and
perinatal history records, also, were unremarkable.

Examination of his genitalia revealed epispadia of
IUII grade, with open bladder neck, a more severe
form. The anus was anteriorly, the scrotum was normal
in size, containing normal descended testis (Figure 2). 

Plain pelvic radiography showed separation of the
pubic rami and normal spine. Renal ultrasonography
did not demonstrate any associated renal anomaly. Cis-
tourethrography didn’t show vescicouretheral reflux.
The patient was treated with the technique of Mitchell-
Caione, with the closure of the bladder neck. The ure-
thra was tubularized over a 10F stent that was removed
on 19th post-operative day. We followed the patient up
for 5 months (from June to November 2012). Cosmesi
was good, there was no severe upper tract dilatation,
no renal function deterioration was observed, but he
didn’t was urinary continence. 

SUrGICAl TeCHnIqUe

The patient underwent surgery under total anesthe-
sia with epidural analgesia. Local adrenalina subcuta-
neous injection was used. The penis was surgically
disassembled into three components: right and left cor-
poreal bodies, with they respective hemiglans and the
urethral wedge (i.e. urethral plate, underlying corpora
spongiosa and vascular pedicle). The urethral plate is
dissected from one side and elevated off the corporal
body by entering the plane on the tunica albuginea of
the corpora. The plate should be dissected as thick as
possible to develop well-vascularized tissue. The ure-
thral plate vascularity is based on proximal blood sup-
ply and vascularized controlateral edge. Each corpus
and hemiglans are totally separated and dissected from
their mates relying on separate blood supply. Separa-
tion is continued proximally with division of the at-
tachment of the suspensory ligament to the horizontal
branches of pubic bones. The pubis attachments of the
corpora are left intact [6].

The corporeal bodies were then rotated internally and
reapproximated with interrupted 3-0 polyglicate sutures
on the dorsal surface. Because the penis was completely
disassembled, internal rotation of the corpora was suf-
ficient to correct the dorsal penile curvature. The urethra
was brought to each hemiglans ventrally to create an or-
thotopic meatus [7].The lenghthening of the bladder
neck and urethra was accomplished with a seres of 4-
6mm incision performed along the lateral aspect of the
urethral plate, starting proximal to the bladder neck and
ending up at the tip of the urethra (Figures 3 and 4). The
central portion of the urethra plate was preserved intact.
An electric stimulator was used to identify and then
reapproximate at the midline the fibers that constitute
the muscular periurethral complex as a part of anterior
perineal membrane.

The urethra was tubularized over a 10 F stent, using

Figure 1. Figure 2.
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5/0 polygluicole acid interrupted sutures in a single
layer (Figures 5 and 6). The corporeal bodies were
then rotated internally and reapproximate with inter-
rupted 1/0 polyglicate sutures on the dorsal surface
and this rotation was sufficient to correct the dorsal
penile curvature.

The urethra was then brought to each hemiglas ven-
trally to create an orthotopic meatus, under the two cor-
pora as in Mitchell technique. The suture line feel
deep, protected by the corpora themselves. Glandulo-
plasty was then performed.

DISCUSSIOn

Many surgical techniques have been described for
the repair of male epispadias. The aim of the surgical

repair is to achieve a cosmetically acceptable and func-
tional penis with a ventrally located urethra opening
at the glans. Cantwell [2] initially introduced a tech-
nique based on complete mobilization of the urethral
plate that was then tubularized and transplanted ven-
trally between the corpora. Penile disassembly tech-
niques resulted in a real improvement in the outcomes
of epispadias repair. Mitchell and others [5,8] in 1996
introduced the complete penile disassembly technique.
We used Mitchell technique with Caione’s modifica-
tion, in this way the complete penile disassembly
makes possible appropriate reassembly around the
posterior urethra in more anatomical position within
the pelvis with the use of electrical stimulator.

Reconstruction of epispadic urethra in the male pa-
tient is an important step of this process, with the aim
not only to repair the anatomy of the external male gen-

Figure 3. Figure 5.

Figure 4. Figure 6.
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italia but also to restore the structures for urinary con-
tinence [9,10]. In order to achieve capacity and conti-
nence, the main point is to restore the anatomy as close
as possible to the “normal”[2,5,11]. Indeed, the elon-
gated urethral plate allows easier deep repositioning
of the urethra within the pelvic floor, restoring the
angle between the ventral/horizontal male urethra,
with the use of electric stimulator to identify the peri-
urethral muscles. These strictures are usually present
in patients with the exstrophy-epispadias complex but
displaced more lateral than in normal children due to
pelvic bone dysmorphysm. The electric stimulator en-
able us to observe delicate contraction inside the per-
ineal body tissue. The dissected corpora are medially
rotated and secured in position by caverno-cavernos-
tomy. The urethral plate is tabularized to the ventral
side of the rotated corpora.

We used this technique because we believed that the
complete penile disassembly with the use of electrical
stimulator can provide normalization of the urthra and
penis, in fact it makes possible appropriate reassembly
around the posterior urethra in a more anatomical po-
sition within the pelvis. In normal human anatomy
and physiology the urethral sphinteric mechanism has
an intrinsic and extrinsic or periurethral component.
The intrinsic urethral sphincter has a smooth muscle
component with thin inner longitudinal and circular
smooth coats [12] surrounded by striated external com-
ponent, the so-called urethral rhabdosphincter, wich is
sleeve-shaped from bladder neck. In male the striated
external urethral sphincter is a tubular cylinder of mus-
cle extending from the perineal membrane to cover the
whole membranous urethra [13]. It extends proximally
over the prostate as an attenuated layer and is part of
the anterior fibromuscular stroma of the prostatic ure-
thra. The external striated urethral sphincter or rhab-
dosphincter is innervated by the pudendal and pelvic
nerves [14,15]. Connective structures of the peri-
urethral sphincter complex that support the urethra
arise from the back of the pubic bones and insert into
the perineal body in the midline and into the urethral
striated muscle sphincter [15,16]. Urethral closure in
maintained at rest by mucosal sphincter mechanism
and low energy muscle activity. Urethral closure is re-
inforced by increased smooth and striated urethral
muscle tone. The pubovisceral or periurethral muscular
complex, mostly the puboperineus and pubovaginalis
muscles, that insert on either side into the perineal
body as structural components of the pelvic floor
slings. Thus, voluntary urinary control under stress and
the forward progression of seemen into the anterior
urethra are ensured [12, 17].

The advantage of penile disassembly lies in the po-
tential for better correction of the chordee, along with
penile lengthening [9]. The main disadvantages of the
Mitchell technique are that complete urethral plate
dissection is usually followed by shortening and re-
traction, and the risk of urethral plate devasculariza-

tion, especially in its distal part, is always present
[9,18]. Numerous modification have been applied to
prevent the occurrence of hypospadias, including su-
turing the urethral plate with interrupted sutures,
augmenting the urethral plate using preputial or para-
meatal skin flaps, or modification of the total penile
disassembly technique using either cavernostomy or
limited penile disassembly to achieve a glandular
meatus [19,15]. In the presented technique, the main
point is the creation of multiple “Z-plasties” wich start
proximal to the veru montanum. As a consequence,
we are able to create a funnel shaped bladder neck,
longer and narrower than it would be without the “Z-
plasties”, and to elongate [20].

The limitations of our study are that the follow-up is
not so longer so we needed to extend it.

COnClUSIOnS

Epispadias reconstruction using the Mitchell-
Caione repair can achieve total or near complete uri-
nary continence, decreasing the morbidity of multiple
procedures, and potentially allowing children to
achieve continence at an earlier age. The penis of the
two patients had a satisfactory cosmetic appearance
with no dorsal chordee. Morover, our patients ob-
tained urinary continence. The limitation of our study
was the low follow up. The electric stimulator was
important to identify pelvic muscle components in the
sagittal plane for reapproximate the posterior tabular-
ized urethra to form the periurethral muscle complex
and the “Z-plasties” that elongated the urethra signif-
icantly.This procedure seems to be satisfactory for the
repair of cases of isolated male epispadias because we
have good results in cosmetic appearance and in uri-
nary continence. Our study is a preliminary report
and a longer follow-up with a larger number of cases
is needed to document further the success of the pro-
cedure.
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InTrODUCTIOn

Esophageal atresia (EA) encompasses a group of con-
genital anomalies comprising of an interruption of the
continuity of the esophagus with or without a persi-
stent communication with the trachea. EA with tra-
chea-esophageal fistula(TEF) (type C) accounts for
85% of all EA. [1]

Traditionally, the repair of EA with TEF is ligation of
fistula and primary anastomosis of both ends via open
right thoracotomy. [2] The first reported thoracoscopic
repair of EA was in 1999 and now, thoracoscopic ap-
proach is an effective alternative to the traditional ap-
proach to correct EA with distal fistula. [3]

We present one case of type IIIB esophageal atresia
treated by a thoracoscopic approach.

CASe rePOrT

A newborn male was transferred to us from another
hospital with a clinical diagnosis of EA. He was born
at 41 weeks with a birth weight of 3,1 kg. Antena-
tally, polyhydramnios was detected and a nasogastric
tube could not be passed after birth. X-ray confirmed
the diagnosis and showed the end of the upper part
of the esophagus at the T2-T3 level and the presence
of gas in the bowel and stomach significative to distal
TEF (Fig 1). Routine echocardiography showed the
absence of cardiac malformation. No others associated
anomalies were noted. On day 2 of life, the infant was
taken for thoracoscopic repair of the anomaly. After
induction of general anesthesia and nonselective oro-
tracheal intubation, the patient was positioned in the
left lateral decubitus position, slightly prone (FIg.2).
Three 5-mm trocars were used. The first, was  placed
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Abstract. Introduction. Esophageal atresia encompasses a group of congenital anomalies comprising of an interruption of
the esophageal continuity  with or without a persistent communication with the trachea. Esophageal atresia with tracheoe-
sophageal fistula (type C) accounts for 85% of all esophageal atresia. Minimally invasive approach to correct esophageal
atresia with distal fistula is becoming more generally accepted.  The outcome of these technique are critically analyzed
and compared with results from open repair. We present one case of type IIIB esophageal atresia treated by a thoracoscopic
approach. Case Report. The patient was a 2-days-old infant male, weight 3 kg with esophageal atresia and distal tracheoe-
sophageal fistula without other associated disease. A polidramanios was detected in prenatal age by a prenatal ultrasound
evaluation. He underwent to a thoracoscopic repair of the defect. The operation was approached through the right chest
using a three-trocar technique (three 5-mm) with the patient placed in a three-quarter prone position. The azygos vein
was ligated by Ligature device. The fistula was ligated by two resorbable stiches suture and dissected, the proximal esoph-
agus was opened and an anastomosis was made over a 6 Ch nasogastric tube with interrupted and resorbable stiches
suture. On the postoperative day 7, gastrografin swallow was performed and oral feeding was started. The patient’s six
month upper Gastrointestinal barium studies was normal. Discussion and conclusion. Thoracoscopic repair of esophageal
atresia is considered to be one of the more advanced and most difficult pediatric surgical procedures and it undoubtely
has necessary an elevated learning curve. The minimally invasive approach was larged accepted in the last ten years  also
for the well documented sequelae of traditional open repair of esophageal atresia. More experience is needed to determine
the exact place of this approach. 

Key words: esophageal atresia, thoracoscopy.
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in the fifth intercostal space in the posterior axillary
line and the pneumothorax was created (0,5 l/min, 6
mmhg). The second and third trocars were placed in
the third and sixth intercostal spaces in the midaxil-
lary line. The pleura overlying the posterosuperior
mediastinum was incised, exposing the azygos vein.
Access to the esophageal limbs and trachea was gai-
ned by division of the azygos vein using a 5-mm Li-
gasure. The distal esophageal pouch revealed a fistula
connecting the distal pouch to the trachea(Fig.3). This
fistula was ligated using a 4-0 Vicryl suture and sub-
sequently dissected. The proximal esophageal pouch
was then identified near 2 cm over the distal limb.
The blind-ending pouch was opened and the back
wall of the anastomosis was completed using multi-
ple interrupted 4-0 Vicryl sutures tied intracorpore-
ally (Fig.4). A 6 Ch nasogastric tube was passed

Figure 1. X-ray showed the presence of gas in the bowel.

Figure 2. Surgical positioning.

Figure 3. TEF riveled after Azygos vein dissection.

Figure 4. Nasogastric tube through the proximal pouch
opened.
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nasally and directed through the anastomosis and the
front wall of the anastomosis was then completed
over the tube(Fig.5). Finally, a chest tube was left by
the office of the sixth intercostal space in the posterior
axillary line. The operating time was 240 minutes,
and there were no intraoperative incidents. 

The patient was transferred to the NICU postopera-
tively, he was extubated 1 week later, and esophageal
contrast study was performed and showed no leak or
stenosis (Fig.6). The baby made an excellent recovery
and he was discharged on day 25 after the operation.
The follow up was performed five months after sur-
gery. A normal growth was showed and a upper Ga-
strointestinal barium study was negative.

DISCUSSIOn AnD COnClUSIOnS

Thoracoscopic repair of esophageal atresia was large
accepted in the last ten years. 

The thoracoscopic approach gave the opportunity to
avoid the injury to the chest wall and its consequences:
the deformity of the chest wall, ribs fusion, scoliosis,
muscle maldevelopment, and chronic pain.  [4] Ano-
ther  advantage is excellent visualization of anatomic
structures on the monitor with magnification. This im-
proved visualization is especially true for identification
of the tracheoesophageal fistula. [5]

However the ‘technical hurdles are many’ as pointed
out by an acknowledged leader in thoracoscopic re-
pairs, Steven Rothenberg. He describes the difficulties
in suturing within such a small closed space as a major
technical difficulty.[6] In fact, he evidently regards
these technical demands as being so significantly chal-
lenging that he commented in a 2012 paper that ‘for

this procedure to become more widely accepted, it may
be necessary to develop a mechanical anastomotic de-
vice or self-knotting suture’. [7] The minimally inva-
sive approach is considered to be one of advanced
techniques and the most difficult pediatric surgical
procedure.  For all these reasons it undoubtedly has ne-
cessary an elevated learning curve. This operations
must be accomplished by surgeons who have been per-
forming advanced laparoscopic and thoracoscopic pro-
cedures in infants and children. 

Also, some patients are probably not good candidates
for the thoracoscopic approach. The operation is diffi-
cult in babies less than 2 kg and in babies with signi-
ficant lung disease, since it requires the ipsilateral lung
to be compressed with the operative pneumothorax to
achieve an adequate working space. [2] On the other
hand thoracotomy is a technically mastered and it is ea-
sier to teach. Several studies show no significant diffe-
rence between two techniques in postoperative
complications ( stricture and leak of the anastomosis)
or in mortality. Holcomb et al performed a multi-centric
study with 104 newborns affected by EA/TEF and trea-
ted with minimally invasive surgery. They conclude
that their operative results are comparable to those
achieved with the traditional operation.[2]

We choose the minimally invasive approach for the

Figure 5. Completed anastomosis.
Figure 6. Contrast esophagogram on postoperative day 7
showing no leakage and good passage of contrast.
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condition of the patient and for our experience in lapa-
roscopic and thoracoscopic procedures.

The most difficult part of the operation was the anasto-
mosis and for this reason the time was longer than others
reported in the literature. All the knots were tied intra-
corporeally, and we prefer this technique especially in
newborns. Anastomosis was made tension free and the
esophageal contrast study showed no complications.

In conclusion, there are many articles that report a
comparison to two techniques, but there is not yet any
evidences that thoracoscopic EA repair is better than
open thoracotomy repair. [8] 

There are advantages and disadvantages to both te-
chniques as previously indicated.

We have revised the literature and the last one article
(2011), showed that ‘thoracoscopic repair of EA and
TEF is better than open surgery’.(9) 

While thoracoscopic repair is apparently safe and pos-
sibly advantageous in some respects when performed by
a handful of experts, it should not be touted as the ‘gold
standard’ to be utilized by all pediatric surgeons. [8]

We have used minimally invasive surgical techni-
ques for many diseases into our experience.

Now, the main aim of anyone technique is a good
anastomosis, survival, limited sequels and good qua-
lity of life [9].
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InTrODUCTIOn

Congenital diaphragmatic hernia (CDH) occurs ap-
proximately in 1 of every 2000 to 5000 live births and
accounts for 8% of all major congenital anomalies.
Medical and surgical management of these patients
has changed over the patients has changed over tha
past several decades. “Gentle ventilation” strategies,
high-frequency oscillatory ventilation (HFOV), and
other methods of supportive care have changed the in-
tensive care management of CDH [1,2,3]. Parallel
with this intensive care improvements has been a par-
adigm shift over the past 20 years from emergent op-
eration to elective repair [4,5]. The combination of
innovations in intensive care and elective operation
has resulted in an opportunities to use minimally in-
vasive surgery (MIS) to the correction of CDH. In
other thoracic conditions, thoracoscopy has been sug-
gested to have significant advantages over the tradi-
tional open approaches. These benefits may include a
decrease in the pain and incisional morbidity of a tho-
racotomy (i.e. subsequent scoliosis, chest deformities,
and shoulder muscle girdle weakness), reduced sur-
gical stress and immunologic derangement, faster re-
covery and shorter hospitalizations [6-14]. Very little
is Known about the outcomes in selected patients re-
ceiving a thoracoscopic approach, compared with a la-
paroscopic and with an open repair.

This report decribes a case of thoracic treatment of a
postero-lateral diaphragmatic hernia.

ClInICAl PreSenTATIOn

A 3190kg male neonate was delivered with a gesta-
tional age 38 *2 /weeks. A prenatal diagnosis of CDH
with ultrasound was made at 32 weeks gestation, with
both lungs present and in the absence of other malfor-
mations. At the birth the newborn was intubated as the
protocol. Upon admission to the neonatal intensive care
unit haemoglobin O2 saturation was 78%, cardiac fre-
quency 108, peak inspiratory pressures 23 and high
frequency oscillatory ventilation and inhaled nitric
oxide were initiated, including sedation and plasma
infusion. 

Chest x-ray showed shift of the mediastinal struc-
tures to the right side and elevated left hemidi-
aphragms (Figure 1). The neonate required moderate
mechanical ventilator support. 

Operative repair was performed when the patient
demonstrated both hemodynamic and pulmonary sta-
bility. The decision to perform MIS was supported by
the surgeon because thorax x-ray showed the nasogas-
tric tube in the abdomen so the presence of the stomach
under the diaphragm and there was the absence of pul-
monary hypertension.

Thoracoscopir repair was performed with the patient
in the lateral decubitus with the affected side elevated.
The patient is placed on a stack of towels with the posi-
tion of the head slightly lower on a cushion (Figure 2).
A 5 mm port is placed subscapularly. A pneumothorax
is created by gradual insufflations of carboc dioxide to a
pressure of 4-6 mmHg, 0.5 l/min. A 5 mm telescope is
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Abstract. Congenital diaphragmatic hernia (CDH) occurs in 1 of every 2000 to 5000 live births and accounts for 8% of all
major congenital anomalies. CDH is a diagnosis with multiple, mostly unknown origin and its clinical presentation is highly
variable. We are presenting a case of CDH hernia in a neonate, whith prenatal diagnosis at 32 week without any other asso-
ciated malformation, that was repaired successfully using a staged thoracoscopic approach. Bochdalek described CDH in
1848, and the first surgical repair in a child was reported in 1905. Silen et al first reported thoracoscopic repair in 1995, but
the reported world experience includes very few cases in neonates.
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inserted through the subscapular port. Two additional
3mm working ports are placed under direct vision; one
on the anterior axillary line at the 4th intercostals space
and other one on the posterior axillary line in the 5th in-
tercostals space. Herniated organs (small bowel, colon
and spleen) are gently reduced into the abdomen
through the defect. After reduction of hernia contents,
insufflations pressure was decreased to 4 mmHg, and a
transparietal stitch is positioned at half of the defect in
order to facilitate the closure. Primary repair was per-

formed with interrupted 3/0 Vicryl sutures, with most
lateral anchorated stitches to the rib. At the end drainage
was positioned above the diaphragm (Video 1).

Chest tube was placed wich was removed in fourth
postoperative day. Postoperative chest film revealed
satisfactory result of the left sided repair without sign
of recurrence (Figure 3).

Postoperatively, the patient was estubated on the
fourth day. The follow-up was of 6 months.

He grows and feeds regularly. At the x-ray at three
months, he has no sign of recurrence. 

DISCUSSIOn

Congenital diaphragmatic hernia is the result of in-
complete closure of the normal pleuroperitoneal canal
during fetal development. Recently, there have been
increasing reports of the use of thoracoscopy for the re-
pair of CDH. Minimally invasive surgery (MIS) for in-
fants and children continues to grow. MIS was
introduced first treatment of congenital diaphragmatic
hernia (CDH) in 1995; Silen et al. [15] used thora-
coscopy, while Van der Zee and Bax [16] used la-
paroscopy. However, most pediatric surgeons have
started to apply MIS to CDH because of associated frag-
ile respiratory status and pulmonary hypertension (PH)
. Neverthless, thoracoscopic repair under high-fre-
quency oscillatory ventilation (HFOV) [17] or after ex-
tracorporeal membrane oxygenation (ECMO) therapy
have been reported recently, and MIS appears to be
gaining added acceptance for CDH repair without any
fixed selection criteria being established [18-21].

There are few reports about indication for thoraco-
scopic repair (TR) of CDH. Yang et al. proposed selection
criteria for TR from anatomic and physiologic aspects:
stomach in the abdomen, minimal ventilator support

Figure 1. Preoperative X-Ray chest showing  left side di-
aphragmatic hernia.

Figure 2. Position of the patient. Figure 3. Postoperative X-Ray.
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with low peak inspiratory pressure (<24mmHg), and no
evidence of pulmonary hypertension at the time of sur-
gery. Similar criteria were also proposed by Guner et al.,
but from our experience this criteria are not contraindi-
cations to thoracoscopic treatment in the pulmonary hy-
pertension is controlled even through HFOV may be
required.

Our patient corresponded to the Yang criteria so we
have practised a thoracoscopic approach.

Another disadvantages was that the recurrence rate
was significantly higher in the TR. The cause of this is
not known, but certain technical factors may contribute
to it. As in other minimally invasive operations, the op-
erative field is magnified. This may lead to overesti-
mating the space between sutures on the diaphragm.
A second explanation may be the tension placed on the
sutures during the repair. Tension is difficult to dis-
perse among several sutures when tying knots thora-
coscopically, and an excessive amount may be placed
on each suture during the repair. A third explanation
may be inadequate mobilization of the rim of di-
aphragm. During the open procedure, the diaphragm
is routinely “unfurled”, exposing a larger area of pos-
terior diaphragm to allow suture placement for repair.
Another possible explanation is the learning curve of
this new operation [22].

In our case, to reduce the risk of recurrence, we
placed a transparietal point in order to show the defect
especially in its postero-lateral portion of the di-
aphragm because this is the most difficult point to close
correctly, performing thoracoscopy. And finally, we
have used Vycril points which have the advantage of
having a greater stability with a reduced possibility
damnage the edge of the defect.

Moreover a number of surgeons have used la-
paroscopy to repair CDH [23-26]. However, the thora-
coscopic approach has some advantages compared to the
laparoscopic approach. In the laparoscopic approach
was difficult to bring the spleen back into the abdomi-
nal cavity. The sutures could be difficult to place because
the intestine is an obstacle to observe the diaphragmatic
defect. With thoracoscopic approach, one could directly
visualize the hernia and the organs, and gently push
them down into the abdominal cavity. Suturing of the
hernia defect was performed easily because there was
unobstructed access to the posterior lateral defect. Also,
the insufflations facilitates the return of the hernia con-
tents into the abdominal cavity. Thoracoscopy is better
approach when compare with an open procedure be-
cause muscles are not divided; hence, postoperative res-
piratory function is minimally impaired [27]. 

COnClUSIOnS

In conclusion, thoracoscopic repair for CDH is feasi-
ble and safe in good hands, it could be indicated for se-

lective newborn patients as well as for infants and eld-
ers. Easy access, minimal trauma, good cosmetic re-
sults, and rapid recovery are all important advantages
for this thecnique.

More cases and longer follow-up are required tp val-
idate this findings.

This study is limited for the presence of only one pa-
tient and the low follow-up. However, the details of
the report suggest that careful review and quality con-
trol regarding surgical technique are likely to improve
outcomes in patient undergoing TR. It is necessary that
all surgeons who will approach this new technique
have a good learning curve.
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InTrODUCTIOn

In the last decades, the management of urinary and
fecal incontinence has been revolutionized by the in-
troduction of intermittent catheterized stoma with the
purpose to preserve urinary tract function, urinary con-
tinence without external presides, elimination of fecal
soiling, preservation of quality of life with complete
self-sufficiency. 

In some patients urethral catheterization is difficult
for urethral abnormalities or skeletal deformities. There
have been many surgical approaches for urinary recon-
struction that usually consist of a catheterizable stoma
for emptying a good capacity low-pressure reservoir. 

In this kind of patients the Mitrofanoff technique is
the best surgical choice creating a continent, catheteri-
zable stoma by bringing the tip of the appendix into
the bladder at the end of a submucosal tunnel with the
other end hemmed to the skin [1].

Coexistence of fecal and urinary incontinence is com-
mon and accounts for a large percentage of children
who required more complex diversion, because treat-
ment of 1 system could be limited management of the
other. An important surgical development for these
complex cases has been the non-refluxing appendico-

cecostomy, which allows administration of an ante-
grade continent enema (ACE). In most of cases, the
anatomy allows to use the appendix only for a single
successful channel. We report a rare case of complete
incontinence in caudal regression syndrome in whom
the appendix was long enough to be divided for cre-
ation of both channels.

CASe rePOrT

A 9-year-old male patient was referred for complete
incontinence in caudal regression syndrome. His ante-
natal history was unremarkable and family history re-
vealed a  non-insulin diabetic mother. At the birth a
loop colostomy was performed in the left upper quad-
rant for imperforate anus with recto-urethral fistula
that was closed at the age of two months and com-
pleted by a posterior sagittal anorectoplasty. At the age
of four years, he was submitted to surgical removal of
bladder stone. We took care of him when he was 9
years old. At physical examination, he showed an hy-
poplastic and curved penis with anterior hypospadias.

He also had sacral and lower limb anomalies with
popliteal webbing associated to equinovarus deformity
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Abstract. In the last decades the surgery for total continent reconstruction has been changed by the introduction of intermittent
catheterized stoma with the purpose to preserve urinary tract function, urinary continence, elimination of fecal soiling, preser-
vation of quality of life with complete self-sufficiency. We report a rare case of complete incontinence in caudal regression syn-
drome in whom the appendix was long enough to be divided for creation of both channels for the treatment of urinary and fecal
incontinence. A 9-year-old male patient with complete incontinence in caudal regression syndrome was submitted to a Mitro-
fanoff appendicovesicostomy procedure (AV) in conjunction with appendicocecostomy procedure (ACE). The appendix was di-
vided into two different parts preserving adequate perfusion. Fecal continence was achieved for a period of 18-20 hours after a
colonic irrigation with 500 ml of saline solution one time daily, while urinary continence was obtained after suburethral endo-
scopic injection of dextranomer/hyaluronic acid (Deflux) and intermittent catheterization every 3 hours with an evident reduction
of upper urinary tract dilatation. The combination of ACE and Mitrofanoff principle have revolutionized the management of
urinary and fecal incontinence in patients who are unable to utilize their urethra to keep themselves dry. 

Key words: Caudal regression syndrome, split-appendix technique, appendicovesicostomy, complete incontinence, appen-
dicocecostomy 
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of the feet, and no craniofacial or upper limb anomalies
were evident. His motor and sensory development was
normal. Clinically, he was continually wet and dirty
for urinary and fecal incontinence, but he referred sen-
sation of a full bladder and to defecate. Abdominal ul-
trasound scan revealed a great stone in the bladder and
a great bilateral renal pyelectasis. Abddominal and
pelvic magnetic resonance showed a complete
hipothrophic pelvic floor (Figure 1 a-b), a malrotated
incomplete duplex kidney on right side, a bilateral hy-
droureteronephrosis with focal cortical thinning as the

result of recurrent infections, an hyperthrophic bladder
detrusor and a voluminous stone in the bladder itself
(Figure 1 c-d). Computerized tomography of the pelvis
confirmed the presence of bladder stone (5¥2.5 cm), the
absence of sacral vertebrae from S3 to coccyx, interver-
tebral osteochondrosis from L4 to L5 with consequent
stenosis of the channel at this level and “hourglass” ap-
pearance of the pelvic foramen (Figure 2 a-b). Also an
upper gastro-intestinal X-ray was performed for docu-
mented the intestinal morphology and the presence of
the appendix.

Figure 1 a-b-c-d. Preoperative abdominal-pelvic magnetic resonance showed a complete hipothrophic pelvic floor. Urody-
namic and three dimensional magnetic resonance imaging evidenced a malrotated incomplete duplex kidney on right side,
a bilateral hydroureteronephrosis with focal cortical thinning as the result of recurrent infections, an hyperthrophic bladder
detrusor and a voluminous stone in the bladder itself.
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A preoperative cystography showed a bladder of low
capacity with irregular wall due to hyperthrophic de-
trusor and a left vescico-ureteral reflux of III grade. 

At examination under general anaesthesia, the per-
ineal electrostimulation showed absence of anal con-
traction, then it was performed a diagnostic cystoscopy
that visualized a residual of the closed recto-urethral
fistula, a bladder with trabeculated wall bladder and a
great stone at the center, and a normopositioned
ureteral meatus.

Surgical technique 
The skin incision was made through Mc Burney’s

point, the cecum was identified and broght into the
wound. The appendix was examined carefully to verify
a good length and vascularization. An appendiceal
length of approximately 8 cm well vascularized was
isolated on its mesentery. Another access was via a
Pfannestenstiel incision allowing to open the anterior
bladder wall and to remove the great stone (4 cm in the
major diameter). Then was carefully evaluated the dis-
tance between the ileo-cecal junction and the bladder
wall and from this last and the abdominal wall, so it
was decided to performe a Mitrofanoff appendicovesi-
costomy procedure (AV) in conjunction with appendic-
ocecostomy procedure (ACE). The appendix was
divided into two different parts preserving adequate
perfusion (Figure 3).

The distal portion of the appendix (2/3 of the initial
length) with its vascular pedicle was directed through
an antirefluxing tunnel into the anterior bladder wall.

The tunnel was of 3 cm in length (to maintain a 5:1
ratio), and the appendiceal opening was secured with
an anchoring resorbable suture to the muscle and mu-
cosa. The abdominal end of the conduit is brought
through the abdominal wall, and a stoma was fash-
ioned as rose-bud.

The proximal portion of the appendix (1/3 of the ini-
tial length) was kept in continuity with the cecum. A
cecal myotomy was created along the anterior tenia for
2 cm and the residual appendix was tunneled with
muscular and serosal layer of the cecum to provide a
mechanism for fecal continence. An anastomosis of the
skin, after a star-shaped incision was performed, to the
apex of the spatulated appendix with creation an ap-
pendicocecostomy as rose bud (Figure 4). Also was
performed the first stage of surgical correction for hy-
pospadic penis.

Postoperatively, a suprapubic catheter was left in situ
for six weeks, initially on free drainage and after four
weeks alternatively opened every 4-5 hours. A 6 Ch
catheter was inserted through each conduit, that it was
positioned in appendicecostomy was removed after 3
weeks and then used only for colonic irrigation once
daily with 500 ml of saline solution, the other posi-
tioned in appendicovesicostomy was removed after five
weeks and the patient was trained to perform intermit-
tent catheterization every 3 hours during the day. Fecal
continence was achieved for a period of 18-20 hours,
while urinary continence was obtained after suburethral
endoscopic injection of dextranomer/hyaluronic acid
(Deflux) and intermittent catheterization every 3 hours

Figure 2 a-b. Three-dimensional computerized tomography of the pelvis showing the presence of bladder stone (5x2.5 cm),
the absence of sacral vertebrae from S3 to coccyx, intervertebral osteochondrosis from L4 to L5 and “hourglass” appearance
of the pelvic foramen.
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with an evident reduction of upper urinary tract dilata-
tion. No stomal stenosis or leakage were present. The
patient was discharged from the hospital after 2 months.

DISCUSSIOn

Caudal regression syndrome is a rare congenital dis-
order with a reported incidence of 0.01 to 0.05 for 1000
live births, that can affect multiple organs with devas-
tating effects [2-3]. Urologic problems are frequently
and can have a great impact on the renal function and
quality of life of these patients [4]. Neurogenic bladder
is very common in these cases and is consistently pres-
ent if more than one sacral segment is missing [5]. Also
different disorders as anorectal and genital malforma-
tions can occur frequently. As a consequence of this
functional deficiency of many system, there is often a
complete incontinence.

In the last decades total continent reconstruction has
been increasingly performed as experience grows with
various surgical techniques. Continent catheterizable
channels have become an important means to achieve
urinary and fecal continence. 

The concept of the bladder emptying through clean in-
termittent catheterization was introduced by Lapides in
1972 [6]. Then in 1980, Mitrofanoff described the trans-
appendicular continent cystostomy as an alternative
route for catheterizing the bladder when the urethra
could not be used [1], including urethral strictures and
injuries, bladder dysfunction associated with an intact
urethral sensation (bladder or cloacal exstrophy and
epispadias, prune-belly syndrome and idiopathic dys-
functional bladder). The basic principle was the persist-

ence of a positive pressure gradient between the conduit
lumen in the antireflux tunnel and the reservoir [7]. This
concept was later adopted in the management of bowel
incontinence, a procedure known as the antegrade con-
tinence enema trough a catheterizable appendicocecos-
tomy and described by Malone in 1990 [8].

The appendix is the preferred conduit for a catheter-
izable continent stoma, in fact the main advantages of
the appendix are good blood supply, satisfactory lumen
and auto-lubrication. Several authors have described
variations on the classical technique described by
Mitrofanoff. Wedderburn [9] and Kajbafzadeh [10] re-
ported the use of the divided appendix in children re-
quiring simultaneous ACE and AV procedures. The
split-appendix technique allows the surgeon to create
two channels from a single luminal structure. An ap-
pendiceal length of approximately 9 to 15 cm was nec-
essary for the surgeon to contemplate the
appropriateness of the split-appendix technique. Ad-
ditional factors involved in the decision-making
process were cecal mobility and appendiceal vascular
anatomy. Even if the successful results of this proce-
dure, many problems of catheterization are common.
Barqawi [11] analyzed the factors associated with
problematic conduits in a study of 22 ACE and AV con-
duits. At 4-year follow up, 5% of their AV required re-
vision. The most common complications were stenosis
in 25%, leakage in 8%, and false passage in 2%. Fol-
lowing revision, 97% of their Mitrofanoff channels,
and 99% of the ACE conduits, were continent. In an-
other series of 43 patients submitted to split-appendix
technique, VanderBrink [12] reported a stomal conti-
nence rate of 95% with the surgical revision rate of
19% for stomal stenosis, incontinence, difficulty

Figure 3. Intraoperative image of the splitting appendix.

Figure 4. Postoperative result after the anastomosis of the skin
to the apex of the splitted appendix with creation of an appen-
divescicostomy and an appendicocecostomy as rose bud.
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catheterizing and peristomal abscess. Also in 9 of these
patient, asymmetrical separation with stapled appen-
dicocecal extension was used, mean length of the ap-
pendix for AV and AC was 6 and 4 cm, respectively. 

The stomal continence and the surgical revision in
our series using a split-appendix technique is similar
to other studies. We observed that in literature there is
a lack of experience about unequal division of the ap-
pendix as a practical option for total continent recon-
struction when its length is borderline. In our case
there was an appendix of length 8 cm for the creation
of two channels and so we preferred an unequal divi-
sion of itself for preservation of blood supply and per-
forming a tension free anastomosis. Our preference
was to use the longer portion of the appendix for cre-
ating a good catheterizable appendicovesicostomy.

These changes to the basic technique allowed to
reach successful and reproducible outcomes using an
appendix of reduced length compared with other stud-
ies (Table1).

In our complex case the presence of sacral hypoplasia
with associated malformations had an impact on the
outcome of the surgical intervention, in fact our patient
has reached complete fecal continence, but he has pre-
sented dribbling of urine even if in smaller quantities
which will probably require closure of the bladder
neck and reconstruction of an augmented bladder of
increased capacity in a second surgical stage.

The combination of ACE and Mitrofanoff principle
have revolutionized the management of urinary and
fecal incontinence in patients who are unable to utilize
their urethra to keep themselves dry. Most of the com-
plications are preventable by meticulous technique,

and eventually multistaged surgical corrections can
lead to a functionally and an aesthetically superior re-
construction with a potentially excellent prognosis. 
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Table 1.

Author year n° of Mean length Stomal revision Follow up
patients of the continence rate (months)

appendix

Kajbafzadeh and Chubak 2001 40 10.3 cm 100% AC 2.5% AC 22
100% AV 5% AV

Wedderburn et al. 2001 4 Not reported 96% AC Overall 17% 44

Barqawi et al. 2004 22 Not reported 99% AC Overall 15% 48
97% AV

VanderBrink et al. 2010 43 10 cm 100% AC 18% AC 40
94% AV 18% AV
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RESULTS OF TREATMENT WITH TESTOSTERONE
ENANTHATE IN 7 CASES OF MICROPENIS

E. Guidoni, G. Cardellicchio, U. Geronzi,
G. Coriolani, G. Municchi, R. Scarinci,
P. Balestri

Department of Molecular Medicine and Development,
University of Siena, Siena, Italy

Introduction
Micropenis (M) is defined as a stretched penile length (SPL)
2.5 standard deviations (SD) below the mean for age or stage
of sexual development without the presence of any other pe-
nile anomalies, such as hypospadias.1 M has an incidence of
1.5/10.000 born and should be diagnosed immediately at
birth. This condition may be idiopathic, associated with con-
genital malformations or deficient testosterone (T) secretion
(hypergonadotropic or hypogonadotropic hypogonadism)
and/or defects in T action.2

The aim of this study was to analyse the results obtained in
terms of increased SPL in 7 children with idiopathic M
treated with testosterone enanthate (TE).

Patients and Methods
7 children with M were evaluated at the Outpatient Clinic of
Pediatric Endocrinology of the University of Siena in the last
2 years. The median age at diagnosis was 10.4 years (range
0.6-12.6). Clinical evaluation with measurements of SPL and
testicular volume with Prader orchidometer was performed
in all patients, in addition to assessment of FSH, LH, T, an-

drostenedione, 17hydroxyprogesterone, sex hormone bind-
ing globulin and bone age. Karyotype was performed only
in two patients with suspected Klinefelter Syndrome (re-
sulted XY). Treatment with TE at the median dose of 100 mg
i.m. (range 25-100) once a month was started in all patients.
The median lenght of therapy was 4 months (range 2-6).

results
The diagnosis in all patients was idiopathic micropenis. The
median SPL at diagnosis was 3 cm (range 2-3.5). The median
SPL after TE therapy was 4.3 cm (range 3-7), with a median
increase of 1.3 cm (range 0.3-3.7). No side effects as acceler-
ation of growth velocity and skeletal maturation were ob-
served.

Discussion
The best response to the administration of TE was observed
in the patient of Moroccan origin treated at the age of 10.1
years who showed an increase in SPL of 3.7 cm. Also the
child treated at the youngest age (7 months) showed an ex-
cellent response with an increase of 1.7 cm. 
In accordance with the data reported in the literature, treat-
ment with TE was effective in all our patients with idiopathic
M.3 It is of crucial importance to recognize the condition at
birth, in order to start treatment as soon as possible and to
obtain clinically relevant results.
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PYELOPLASTY IN OUR CENTRE

Angotti R., Molinaro F., Bulotta A.L., Sica M.,
Cerchia E., Mariscoli F., Brandigi E., Messina M.

Division of Pediatric Surgery, Department of Medical sciences,
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Introduction
In the last 20 years, the mini-invasive surgery changed the
approach many procedures, allowing to use minimal skin in-
cisions and ensuring an hospitalization and postoperative
care more quick.

Case report
We present a case report to share our preliminary experience
in robotic reality. The patient was a male 9 years old with di-
agnosis of pelvic-ureteric junction obstruction (PUJO). The
resection of ureteropelvic junction and pyeloplasty were per-
formed with da Vinci system, which is one of two available

robotic surgery sistems. One trocar 12 mm 2 cm long
supraumbelical, two 8 mm trocars and one 5 mm were used.
No intraoperative or postoperative complications there were.
Operating room time was of 3 hours. Postoperative care was
good, patient required analgesia for 1 day and he was dis-
charged on 7th postoperative day. The JJ stent was removed
after 4 weeks.

Discussion
Pediatric surgery adapted slowly to this new surgical kind
due to the difficulty to find small instruments to use in chil-
dren. This was the same problem with the onset of la-
paroscopy. To date robotic surgery can be considered the gold
standard in some procedures as prostatectomy and timectomy
in adults or pieloplasty in children over 2 years. The final
balance of our preliminary experience in robotic surgery is
absolutely positive. There were measurable improvement in
patient outcomes: limited postoperative pain, good postop-
erative care, early discharge.

Conclusions
In conclusion, we think that robotic surgery must be con-
sidere a good option in pediatric surgery especially when the
laparoscopic approach can not applied. It’s clear that a learn-
ing curve is necessary to improve the performance and reduce
the operating room time, which is to date the main limit.

PRENATAL DIAGNOSIS OF A CYSTIC PRESACRAL
MASS IN A NEONATE: A DIFFICULTE
CHALLENGE

F. Mariscoli, E. Brandigi, M. Sica, G. Di Maggio,
F. Ferrara, M. Pavone, M. Messina

Division of Pediatric Surgery, Department of Medical sciences,
surgery and neurosciences, University of Siena, Siena, Italy.

Introduction
A presacral cystic mass with prenatal diagnosis can represent
a diagnostic dilemma for surgeon. Differential diagnosis in-
cludes sacrococcygeal teratoma, anterior sacral meningocele,
dermoid cyst, rectal duplication cyst. Information obtained
from imaging is also critical for management but sometimes
is not enough. We present a case of a neonate with presacral
cystic mass treated at our department.

Case report
A neonate (female) with presacral mass detected by prenatal
ultrasonography and confirmed with fetal magnetic reso-
nance imaging (MRI) came to our attention. She was asymp-

tomatic and neurological problems were not evident. On the
1st week of hospadalization, blood exams showed an in-
creased alpha feto-protein level. Pelvis and lombosacral MRI
was performed showing an homogeneous presacral midline
mass with signal characteristics of fluid lesion adjacent to rec-
tum wall without spine cord abnormalities and no evidence
of communication between the mass and the neural struc-
tures. Surgery was performed at one month of life with com-
plete excision of mass. Posterior sagittal approach was used
with sphincter sparing. Macroscopic feature of mass con-
sisted of multiple cyst with different content. The hystologi-
cally diagnosis was of “mature multilocular teratoma”. Last
follow up done at one month after surgery and patient was
well and healthy.

Discussion and Conclusions
To date the diagnose of presacral mass can be done in ante-
natal period by ultrasound and fetal MRI. However the dif-
ferential diagnosis of presacral mass with cystic feature is so
much difficult and many possibilities can be considered. For
this reason, the surgical management is the first option of
treatment and the hystologycal exam is the single most im-
portant procedure to definitive diagnosis. In conclusion we
think that a complete excision of a presacral cystic mass can
be performed and approched by sacral skin incision and the
sparing sphinter should be ensured. 
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IN THE ERA OF “reD nOSe”: CAN THE
CLOWN-THERAPY REDUCE THE NURSING
STAFF ANXIETY? OUR EXPERIENCE IN A
DEPARTMENT OF PEDIATRIC SURGERY

Rossella Angotti, Daniela Meucci,
Francesco Molinaro, Bulotta Anna Lavinia,
Edoardo Bindi, Elisa Cerchia,
Giovanni Vaccarella, Mario Messina

Division of Pediatric Surgery, Department of Medical sciences,
surgery and neurosciences, University of Siena, Siena, Italy.

Purpose
The aim of this study was to evaluate the utility of clown-
therapy in reducing anxiety levels of nursing staff during pre-
operative management of children.

Design and Methods
This is prospective study, conducted at the Department of

Paediatric Surgery in Siena from July 2011 to January 2012.
Sex, age, smoking and the type of surgical procedure were
recorded and considered. Nurses were assigned randomly to
one of two study groups and classified in a Microsoft Excel
database: a clown group (C) and a no-clown (NC) or control
group. The Spielberger State Trait Anxiety Inventory form Y
measured nurse anxiety.

results
The population consisted of eight nurses (two males and
six females), who were assessed a total of eight times each
(4 times with clowns and 4 times without them). Anybody
was excluded. The nurses in Group C were accompanied
by clowns who worked in groups of two or three. Nurses
in the control group (NC) worked without clowns. The re-
sults indicated that clowns have no effect on our nurses’
anxiety.

Practice Implications
Our results suggest that the best way to reconcile nursing and
clowntherapy could be including “smile-therapy” in graduate
nursing training.

Keywords: nursing, pediatric, clowntherapy.

THE GASTRO-ESOPHAGEAL REFLUX IN
CHILDREN IN VIDEOLAPAROSCOPY.
TECHNIQUES TO COMPARE AND LONG-TERM
FOLLOW-UP

Bindi E., Molinaro F., Meucci D., Cerchia E.,
Angotti R., Bulotta A.L., Messina M.

Division of Pediatric Surgery, Department of Medical sciences,
surgery and neurosciences, University of Siena, Siena, Italy.

Introduction
The gastro-esophageal reflux (GER) is defined as the invol-
untary ascent of gastric contents into the esophagus. It is an
event almost physiological, present in the majority of infants
and usually lasts a few months. When this situation persists
over time, with a clinically significant symptoms or the pres-
ence of lesions of the esophageal mucosa, it is called gastro-
esophageal reflux disease. In our work we evaluate the role
of surgery videolaparoscopy (VLS) in the treatment of gas-
troesophageal reflux in children with neurological deficits
and in those neurologically healthy, as well as analyzing
what the operating technique that allows to obtain the best
results.

Materials and Methods
In our department we made a retrospective study from Jan-
uary 1998 to February 2013, analyzing 75 cases of children
with or without associated neurological disorders who had
a gastroesophageal reflux disease. The patients were divided
into a group A, consisting of subjects with a neurological dis-
ease of base, and in a group B of subjects neurologically
healthy. Of each group were analyzed: pre-operative symp-
toms, mode of feeding, diagnostic tests performed, surgical
treatment, packaging of gastrostomy and post-operative com-
plications. The data were analyzed using the Student’s t-test
for unpaired data.

results
Of 75 patients , 53 ( 70.6 %) were in group A and 22 (29.4%)
in group B. In group A there were 35 males (66.1% ) and 18
(33.9% ) females , the males were in the B 15 (68.1 %) and 7
females (31.9 %). The average age in group A was 8.7 years
in group B 10.5 years. The follow-up of patients in group A
was 49.4 months , that of patients in group B 27.9 months.
In group A, 43 patients were subjected to intervention of Nis-
sen fundoplication , 4 to Thal fundoplication, 6 to Toupet fun-
doplication. In Group B, 17 patients were subjected to Nissen
fundoplication, 1 to Thal fundoplication, 4 to Toupet fundo-
plication. In group A, the mean operating timing for the Nis-
sen fundoplication was 300 minutes , that for the Toupet of
264 minutes, the one for the Thal of 240 minutes. The timing
mean operative in the group B was of 258 minutes for the
Nissen fundoplication, of 198 minutes for the Toupet , of 162
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minutes for the Thal fundoplication. During follow-up 14 pa-
tients have reported complications , of which 11 (14.6%) in
group A and 3 (4%) in group B. In group A, there was 20.7%
of complications in group B 13.6%. For subjects in group A
the average length of stay was 7.1 days, for those in group B
of 5.8 days.

Conclusions
Surgical treatment in videolaparoscopy is to be preferred in

the treatment of gastroesophageal reflux disease in children.
The minimally invasive approach ensures a reduction of post-
operative pain, with shorter hospitalization times and a bet-
ter aesthetic result. Still remains the subject of discussion
what is the best type of fundoplication, since there was a sig-
nificant difference between the analyzed techniques. In pa-
tients neurologically healthy, the best approach is still
medical, as the massive surgical approach did not report sig-
nificant benefits.

Non
-co

mmerc
ial

 us
e o

nly



Abstract. Biomedical research in the Post-genomic Era is characterized by huge amounts of data which cannot be manually
analyzed soon after their collection, but only stored in data banks for further investigations. Thus, many data banks have
been created to keep some order for results obtained from high throughput techniques applied to genomics or to other “omics”
studies. Some order is also needed to browse fruitfully biological data among all the available databanks. National Center
for Biotechnology Information of USA offers to researchers a powerful interface to achieve this effort, but in a way that is not
suitable for the public perception. A Google Earth kind of software would help to sail safely within this data ocean to specific
pieces of information, as required both by researchers and by just curious people. Bioinformatics, a new interdisciplinary
field that develops and improves on methods for storing, retrieving, organizing and analyzing biological data, is emerging as
a powerful tool to derive novel perspective of biological processes. In our laboratory, for instance, scanning the Protein Data
Bank to analyze amino acids distribution inside protein structures, new scenarios appeared which can account for long dis-
tance protein-protein interactions. 

Key words: post-genomics research, Bioinformatics, biological databanks integration

Alla fine dello scorso secolo, l’impegno dei laboratori
di ricerca di tutto il mondo per la decodifica del codice
genetico umano produsse un impetuoso sviluppo di
nuove tecniche che permisero il raggiungimento di tale
obiettivo. I risultati ottenuti in quella circostanza, per
certi aspetti inattesi, hanno stimolato tantissimi altri
studi per la caratterizzazione del DNA di molte altre
specie. Le procedure sperimentali e di analisi compu-
tazionale utilizzate a tale scopo, sono state soggette ad
una continua evoluzione, in costante accelerazione, che
le ha rese sempre più efficienti ed economiche. 

Ad esempio, i risultati del Progetto Genoma Umano,
completato nell’aprile del 2003 con la determinazione
della sequenza completa del nostro DNA, sono stati ot-
tenuti con l’investimento di 2,5 miliardi di € e dopo ri-
cerche durate tredici anni [1].

Risultati simili sono ottenibili oggi, in pochi giorni
e ad un costo che rapidamente si sta avvicinando ai
1000 € per genoma [2], grazie agli sviluppi tecnologici
raggiunti ed alla estesa automazione delle procedure
d’indagine. 

Per questo motivo, a buon diritto, possiamo dire che
siamo entrati in una nuova Era della conoscenza delle
Scienze della Natura, quella post-genomica, caratteriz-
zata dalla valanga di dati che si possono rapidamente
ottenere delineando la composizione del DNA non solo

di specifiche specie, ma anche di singoli individui. Le
applicazioni di questa messe di dati risultano evidenti,
dalla diagnosi e cura di malattie genetiche, alla ottimiz-
zazione di strategie terapeutiche per ciascun paziente,
la cosiddetta Farmaco-genomica, fino ad arrivare alla
lotta razionale di specie patogene. 

Allo stesso tempo, però, l’abbondanza dei dati geno-
mici e di quelli ad essi collegati, ha determinato la ne-
cessità di una loro sistematizzazione in banche dati di
pubblico accesso e di facile consultazione. 

Il Centro Nazionale per l’Informazione Biotecnolo-
gica degli USA, NCBI, ha reso disponibile l’accesso in
Internet a numerose delle principali banche dati che
contengono informazioni sulle sequenze e sulle strut-
ture molecolari di polimeri biologici, quali DNA, RNA
e proteine [3]. Nella Figura 1 sono riportati i contenuti
di alcune tra queste banche dati, aggiornati al novem-
bre 2013, accessibili attraverso la pagina di NCBI. 

Per alcune informazioni, come ad esempio il numero
di proteine di cui è stata proposta la sequenza da studi
genomici (oltre 100 milioni) o il numero dei riferimenti
bibliografici accessibili (oltre 23 milioni), i contenuti
delle banche dati sembrano talmente estesi da renderne
complessa la gestione, particolarmente se ciò deve es-
sere condotto in modo integrato.

La possibilità di rendere facilmente accessibili su
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supporti informatici tutte le informazioni disponibili
relativamente agli aspetti morfologici alla base della
vita, è un compito che la Biologia strutturale si sta po-
nendo, se pur non senza difficoltà. 

Un “navigatore” che funzionasse nel modo con cui il
software Google Earth riesce a dare una varietà d’infor-
mazioni complesse, distribuendole su base geografica,
suggerisce che una procedura analoga potrebbe essere
seguita, anche se gli oggetti “geograficamente” da de-
finire hanno dimensioni che possono essere inferiori al
miliardesimo di metro. Tale procedura informatica po-
trebbe essere sviluppata per esplorare quanto è noto a
proposito del contenuto molecolare di ogni singola cel-
lula. Infatti, una procedura di tipo Geographic Informatic
System, o GIS [4], collegata ad aspetti morfologici di di-
mensioni assai diverse, da una particolare specie alle
rispettive cellule, fino ad arrivare alle molecole in esse
contenute, potrebbe facilitare la “navigazione” dei ri-
cercatori nel mare di dati a disposizione. Inoltre, la
stessa “navigazione” permetterebbe una rapida visua-
lizzazione dello stato dell’arte delle conoscenze biomo-
lecolari ad uso di una ampia utenza, comprendente
anche i docenti e gli studenti dei centri di formazione
universitaria e non solo.

Le risorse sperimentali ed informatiche per iniziare
questo progetto di navigazione tra banche dati biomo-
lecolari sono già ampiamente di routine: in un pros-
simo futuro, si tratterà solo di perfezionarne le modalità
di accesso e di integrazione, oltre che di aggiornarne
progressivamente i contenuti.

Le informazioni che sono distribuite in modalità GIS
da piattaforme quali Google Earth o simili, sono nume-
rose e non solo di tipo morfologico come quelle che ci
permettono di caratterizzare, con continuità, dalla
forma dei continenti a quella di limitate porzioni di ter-
ritorio e fino ai singoli edifici posizionati nelle varie
parti del globo. 

Infatti, sono accessibili per mezzo delle stesse piatta-
forme informatiche anche informazioni dinamiche quali,
ad esempio, le condizioni del traffico stradale o la situa-
zione meteorologica. Inoltre, mediante queste piatta-
forme e sulla base di modelli statistici opportuni, è
possibile anche avere predizioni sull’evoluzione delle
varie situazioni in archi temporali più o meno lunghi che
determinano l’attendibilità della informazione offerta.

Introdurre una analoga dimensione dinamica nel-
l’esplorazione virtuale della composizione dei vari tipi
di cellule per acquisire informazioni sulla Natura nei
suoi aspetti molecolari, costituisce un problema di
grande complessità per il quale solo da poco tempo
stanno maturando possibili risposte. 

Infatti, l’abbandono di una visione riduzionistica
delle conoscenze sui componenti dei vari processi alla
base della Vita è assai recente e lo sviluppo di un
nuovo approccio per lo studio dei fenomeni naturali,
la cosiddetta “Biologia dei Sistemi”, ne costituisce uno
dei principali risultati [5]. Conseguentemente, le inte-
razioni tra molecole sono state messe al centro delle in-
dagini per individuare i meccanismi dei processi
biologici alla risoluzione dei singoli atomi. Il fatto che
sia stato messo in luce che le proteine, i principali stru-
menti molecolari che sovraintendono a tali processi, la-
vorino in modo concertato, ha aperto un ampio campo
di ricerche. Tra queste, lo studio di come interferire con
specifiche interazioni tra coppie di proteine all’interno
di questa fitta rete di interazioni proteina-proteina, rap-
presenta una emergente prospettiva per lo sviluppo di
nuovi farmaci antitumorali [6].

E dunque, la presenza di questa enorme massa di
dati, se da una parte suggerisce la necessità di modalità
integrate di consultazione, dall’altra sta dando energia
ad una nuova area della ricerca scientifica, quella della
Bioinformatica, ovvero dello sviluppo di procedure per
estrarre informazioni biologiche dal contenuto di una
o più banche dati [7]. 

E’ da sottolineare che la Toscana ospita molti gruppi
attivi in questo settore e l’invito della Società Italiana
di Bioinformatica ad organizzare incontri regionali, qua
è stato accolto con entusiasmo e le sue prime due edi-
zioni, BIOINFORMATIHA 1 e BIOINFORMATIHA 2,
si sono già svolte con notevole successo di partecipa-
zione rispettivamente a Siena nel 2012 ed a Firenze nel
2013 [8]. 

Uno di questi gruppi è quello che opera nel labora-
torio di Biologia strutturale del Dipartimento di Bio-
tecnologie, Chimica e Farmacia dell’Università di Siena
che io coordino. Nel corso dei nostri studi, abbiamo
messo a punto uno strumento di calcolo che fornisce
una misura quantitativa della profondità degli atomi
all’interno di strutture molecolari complesse [9]. Una
scansione bioinformatica con tale strumento di calcolo
su tutto il contenuto della Protein Data Bank [10], la
banca delle strutture molecolari che sono state deter-
minate con tecniche sperimentali, ha messo in evidenza
che la superficie delle proteine è ricca di cariche elet-

Figura 1: La pagina d’accesso alle banche dati raggiungibili attra-
verso lo NCBI con i relativi contenuti aggiornati al novembre 2013.
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triche di segno opposto che molto spesso si trovano a
breve distanza. Questa recente osservazione [11] ha
suggerito una possibile risposta, che la Biologia dei si-
stemi al momento non ha, per spiegare i meccanismi
di comunicazione a distanza che regolano la rete di in-
terazioni tra molecole all’interno della cellula ed, in ge-
nerale, nei fluidi biologici. A questo proposito, si deve
sottolineare il fatto che le interazioni tra le diverse mo-
lecole che sono impegnate a sostenere i processi vitali,
avviene in una situazione di grande “affollamento mo-
lecolare” di difficile valutazione sia dal punto di vista
sperimentale che teorico [12]. 

In ogni caso, più si ampliano le conoscenze moleco-
lari sulla complessità della Natura, tanto più possono
essere escluse le precedenti ipotesi che attribuivano ad
incontri casuali un qualsivoglia ruolo nella formazione
degli aggregati tra molecole che sono necessari per
l’istaurarsi dei vari processi biologici. La presenza,
dunque, sulle superfici delle proteine di coppie di ca-
riche elettriche di segno opposto in continuo movi-
mento a causa dei moti che avvengono all’interno delle
molecole proteiche (vedi l’animazione realizzata du-
rante un nostro studio e depositata su YouTube [13]),
potrebbe generare segnali elettromagnetici di efficacia
sufficiente a rimuovere la casualità nel movimento re-
ciproco delle molecole all’interno del loro naturale am-
biente biologico. Questo meccanismo di
comunicazione intermolecolare a distanza lo stiamo va-
lutando con grande attenzione, anche negli aspetti
quantitativi che non risultano di facile analisi. In ogni
caso, il fatto che le cariche elettriche in movimento
sulla superficie delle proteine possano generare onde
elettromagnetiche che ne determinano una loro im-
pronta caratteristica, eliminando così ogni tipo di ca-
sualità per gli incontri tra molecole diverse, sembra
sempre più un “uovo di Coulomb”, del tipo iconizzato
nella Figura 2. Questi effetti elettrodinamici saranno,
finalmente, presi in considerazione per avere una de-
scrizione accurata dei modi con cui le biomolecole rie-
scono a comunicare a distanza, nel mezzo del grande
traffico molecolare che è alla base della Vita.
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Figura 2: La vicinanza di catene laterali di amminoacidi in rapido
movimento reciproco con carica elettrica opposta, potrebbe generare
segnali elettromagnetici caratteristici per ciascuna proteina e neces-
sari per un riconoscimento molecolare a lunga distanza.
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InTrODUZIOne

Lo Screening per l’Ipotiroidismo Congenito, intro-
dotto negli anni ’70, ha messo in evidenza livelli di
tireotropina (TSH) e ormoni tiroidei (TH) differenti
nei neonati prematuri rispetto ai nati a termine. Il
neonato pretermine presenta una secrezione ormonale
ridotta rispetto al neonato a termine, a causa della
minor riserva tiroidea, della difficoltà ad alimentarsi,
della ridotta sintesi epatica di TBG, dell’immaturità
sia enzimatica che dell’asse ipotalamo-ipofisi-tiroide
[1-3]. Il neonato prematuro di basso peso va incontro
inoltre ad un’aumentata mortalità e morbidità perina-
tale, dovuta secondo alcuni autori (AA.) anche ai più
bassi livelli di ormoni tiroidei, che persistono nelle
prime 2-3 settimane di vita, con tendenza a risolversi

spontaneamente entro il primo mese [3-8, 29,31].
Oltre a ciò, in questi neonati è riportato un peggior
outcome neurologico a distanza [9]. Per tali motivi al-
cuni AA. hanno prospettato la necessità di sommini-
strare ormoni tiroidei fin dai primi giorni di vita nel
neonato di età gestazionale estremamente bassa
(ELGAN)[10-20]. Tuttavia non sono presenti in lette-
ratura lavori che abbiano valutato in 2°-3° giornata di
vita, momento in cui i fenomeni di adattamento neo-
natale sono ormai completati, i livelli di TSH e tT4 in
un numero sufficientemente ampio di soggetti
ELGAN, suddivisi in varie fasce di età gestazionale
(EG). I valori di riferimento ottenuti nelle varie fasce
di età, possono essere utilizzati per stabilire l’oppor-
tunità o meno del trattamento ormonale sostitutivo
del neonato estremamente prematuro.
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Abstract. The screening test for Congenital Hypothyroidism, performed in the 2nd - 3rd day of life, highlighted in the pre-
mature infant significant lower levels of thyroid stimulating hormone (TSH) and thyroxine (tT4) than those found in the full
term newborn. Studies carried out after birth in the preterm infant, showed a persistence of low levels of thyroid hormones
(TH) in the first two weeks of life, with a tendency toward spontaneous resolution at the end of the first month. This hormone
deficiency has an incidence which is inversely related to gestational age (GA). However, there are no works which have eval-
uated the levels of TSH and tT4 in an appropriate large population of extremely low gestational age newborns (ELGANs) in
the 2nd - 3rd day of life divided by different GAs. To assess the levels of TSH and tT4 in the 2nd - 3rd day of life, from the
lowest GA up to the end, in order to indicate the reference values which can be used to establish whether a replacement ther-
apy with thyroid hormones in the premature infant is useful or not. In the present study we examined a total population of
1,671 adapted for gestational age newborns (AGA) of which 1,159 resulted in full term and 512 resulted in preterm. The
population was divided into eight groups of GAs (23-25, 26-28, 29-30, 31-32, 33-34, 35-36, 37-38, 39-42 wks) and for each
age group the median values of TSH and tT4 was determined. The TSH and tT4 were obtained in the 2nd - 3rd day of life at
the screening for Congenital Hypothyroidism. Looking at the whole population examined, the preterm infant presents sig-
nificant lower levels of TSH (p=0,00036) and tT4 (p<0,00001) compared to the full term newborn in the 2nd - 3rd day of life.
TSH and tT4 levels increase gradually with the advancing of GA, reflecting the progressive maturation of the hypothalamic-
pituitary-thyroid axis. A linear and significant correlation (p=0,001) was found between the levels of tT4 and GA. Instead,
the TSH values which show an upward trend with the advancing of the GA, confirm a trend which is less clear. In preterm
newborns, significant increases of tT4 levels are found for minimal increases of GA, suggesting that even in extremely pre-
mature infants (23-25 wks) there is already an appropriate function of hypothalamic-pituitary-thyroid axis, which matures
rapidly and progressively. It is believed that even if the preterm newborn tT4 levels are lower than those found in a full term
neonate, the metabolic needs of an ELGAN are sufficient. Our reference values in various GAs in preterm infants may be
used to determine whether premature newborns may or not be required to make a substitution therapy, which in our opinion
should be implemented when the tT4 levels are <2 SD for that gestational age.

Key words: screening test, TSH, tT4, full term and preterm newborn, reference values.
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SCOPO

Stabilire i valori di riferimento del TSH e del tT4 in
relazione all’età gestazionale.

MATerIAlI e MeTODI

Nel presente studio abbiamo esaminato una popola-
zione totale di 1671 neonati AGA (adapted for gestational
age) di EG media(wk)=36,8±4,31, PESO medio(gr)
=2936±983, di cui 1159 nati a termine (EG media(wk)
=39±1,29, Peso medio(gr)=3587±315) e 512 prematuri
(EG media(wk)=31±3,12, Peso medio(gr)=1660±578).
Abbiamo escluso dal nostro studio i neonati le cui madri
erano affette da patologie tiroidee e/o che fossero in tera-
pia ormonale sostitutiva. La popolazione è stata suddivisa
in 8 fasce di età gestazionale (23-25, 26-28, 29-30, 31-32,
33-34, 35-36, 37-38, 39-42 wks), per ogni fascia di EG è
stata calcolata la media±DS, la mediana ed i valori minimi

e massimi del TSH e del tT4. Il TSH e il tT4 sono stati ot-
tenuti in 2°-3° giornata di vita in occasione dello Scree-
ning per l’Ipotiroidismo Congenito, eseguito con sangue
prelevato dal tallone ben riscaldato del neonato. Il tallone
è stato spremuto delicatamente e la carta da filtro è stata
appoggiata sulla goccia di sangue. In seguito i cartoncini
sono stati lasciati asciugare all’aria per almeno 4 ore ed
inviati al laboratorio entro 24 ore. La carta filtro utilizzata
è stata prodotta da‘Schleicher & Shuell’.

Per il dosaggio ormonale è stato utilizzato il kit per
il saggio fluoroimmunoenzimatico ‘Delfia’ (Pharmacia
Turku Finland).

L’analisi statistica dei dati è stata effettuata utiliz-
zando il sofware‘ Graph Pad Prism’.

rISUlTATI

Nelle Tabelle 1-2-3-4-5-6 sono visualizzabili i livelli
del TSH e del tT4 (media+- DS, mediana, valori minimi

Tabella 1.

Tabella 2.

No.casi., EG (media±DS), peso (media±DS), livelli di TSH e tT4 espressi come mediana nella popolazione esaminata di neonati a termine e
pretermine. TSH* (p value=0,00036), tT4** (p value<0,00001).

Tabelle 2-3-4-5-6: Livelli di TSH e tT4 (mediana, media±DS, valori minimi e massimi) a varie fasce di EG. P value (TSH e tT4) in varie
fasce di EG a confronto
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e massimi e P value) in varie fasce di età gestazionale.
Nelle Figure 1-2 è illustrato l'andamento dei livelli del
TSH e del tT4, espressi come mediana, a partire dalle
più basse età gestazionali fino al termine.

DISCUSSIOne

Nel presente studio abbiamo indagato la funzionalità
tiroidea in un’ampia popolazione di neonati AGA, di
EG compresa tra la 23°-42° settimana. Abbiamo prefe-
rito valutare i livelli di TSH e tT4 in 2°-3° giornata di
vita, per limitare l’interferenza di fattori confondenti
perinatali, quali il tipo di parto, l’ipossia o asfissia alla
nascita e i fenomeni di adattamento neonatale
[21,22,28]. Abbiamo così stabilito, in una popolazione
sufficientemente ampia, i livelli di TSH e tT4 appro-
priati per le varie età gestazionali. In precedenza vari
studi sono stati effettuati nel feto e nel neonato a ter-
mine e pretermine, per valutare l’influenza dell’età ge-

stazionale sulla funzionalità tiroidea, sia prelevando il
sangue fetale con funicolocentesi [23-25] o alla nascita
con il prelievo di sangue cordonale [26-28].

Ballabio e coll. [23] hanno valutato i livelli di TSH e
tT4 su sangue prelevato con funicolocentesi in 23 feti
di EG compresa tra 18-31 wk e hanno evidenziato in-
crementi significativi dei livelli fetali di entrambi gli
ormoni all’avanzare dell’EG. Analoghi risultati, su
campioni di sangue ottenuti con funicolocentesi di 58
feti di EG compresa tra 17-37 wk, sono stati ottenuti
da Thorpe-Beenston e coll. in uno studio del 1991 [24].
Nel 1998 Kilby e coll. hanno effettuato una ricerca su
funicolocentesi di 11 feti di EG media 22 wk e 15 feti
di EG media 31 wk e hanno riscontrato come, tra il 2°
e il 3° trimestre di gravidanza, vi fossero significativi
incrementi del fT4 e fT3, ma più modesti e non signi-
ficativi aumenti del TSH [25].

Alcuni studi hanno analizzato i livelli di TSH e tT4
alla nascita nel sangue cordonale [26-28].

Klein e coll. [26] hanno valutato una popolazione di

Tabella 3. Tabella 4. Tabella 5.

Tabella 6.

Figura 1. Figura 2.

Figure 1-2: Andamento dei livelli di TSH e tT4, espressi come mediana, nei neonati di EG compresa tra 23-42 wk in 2°-3° giornata di vita.
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neonati di EG compresa tra 26-43 wk e hanno rilevato
significativi incrementi di tT4, fT4 e TBG con l’avan-
zare dell’EG tra la 26°e la 33°-35° wk (p <0,001), ma
non dopo la 34° wk, quando tali parametri rimane-
vano stabili. 

Bongers-Shokking e coll. [27] nel 1984 hanno esami-
nato i livelli di TSH e tT4 in varie epoche: alla nascita
su sangue cordonale in 107 nati, a 24-30 h in 25 nati, a
6-9 giorni in 104 nati e a 13-20 giorni di vita in 57 neo-
nati. Il tT4 mostrava una correlazione positiva con l’EG
e con il peso sia alla nascita che nei periodi successivi;
al contrario tali AA. non hanno riscontrato alcuna cor-
relazione tra il TSH e l’EG o il peso alla nascita. Recen-
temente Rashmi e coll. [28] hanno analizzato in una
popolazione di EG compresa tra la 28°-42°wk, suddivisa
in tre fasce di EG (28-32wk)/(33-36wk)/(37-42wk), i li-
velli di TSH ottenuti dal cordone e hanno notato una
correlazione negativa tra il TSH e l’EG.

Anche gli studi effettuati nei giorni successivi alla
nascita suggeriscono una correlazione positiva tra l’EG
e i livelli di tT4, ma risultati discordanti per quanto ri-
guarda il TSH [29,30,31].

Wassenaer e coll. [29] hanno eseguito uno studio du-
rante le prime 8 settimane di vita su 100 neonati di EG
<30 wk. Hanno suddiviso la popolazione in 2 gruppi:
<28 wk e ≥28 wk e hanno dimostrato una riduzione si-
mile dei livelli di tT4 con valori minimi registrati al 7°
giorno e incrementi simili fino al 28° giorno in en-
trambi i gruppi, con livelli significativamente più ele-
vati nei neonati di più alta EG. Il TSH invece
decrementa in entrambi i gruppi nei primi 3 giorni, per
poi aumentare dopo il 7° giorno, in modo più evidente
nei neonati di più bassa EG e infine stabilizzarsi al 28°
giorno di vita, tipico di un neonato sano. Biswas e coll.
[30] hanno esaminato 128 neonati prematuri di EG <30
wk nelle prime 2 settimane di vita e hanno evidenziato
livelli di TSH e tT4 inferiori rispetto ai valori rilevati
nei neonati a termine, ottenuti da altri lavori. Suddivi-
dendo la popolazione in 3 diversi gruppi di EG: (23-
25wk)-(26-27wk)-(28-29wk), hanno riscontrato livelli
di TSH e tT4 più elevati alle più alte EG. In un recente
studio effettuato da Dilli e coll. [31] nel 2010, sono stati
messi a confronto 2 gruppi di neonati di EG <32 wk :
26-29 wk vs 30-32 wk, durante le prime 4 settimane di
vita. I livelli sierici di tT4, durante tutto il periodo di
osservazione, sono risultati significativamente supe-
riori nel gruppo di più alta EG, mentre non sono state
trovate differenze significative nei livelli di TSH. 

Pertanto tutti gli AA. che hanno valutato i rapporti
tra l’EG e i livelli di tT4, sono concordi nel ritenere che
la funzionalità tiroidea del prematuro sia ridotta in ma-
niera strettamente correlata all’ EG, sia alla nascita che
nei giorni successivi. Risultati non univoci sono stati
riscontrati per quanto riguarda il TSH.

Gli studi effettuati per stabilire reference ranges per il
neonato pretermine sono poco numerosi e la casistica
esaminata alle più basse età gestazionali è in genere ab-
bastanza limitata ed i valori di riferimento per il T4 ed

il TSH sono stati valutati nel sangue del cordone ombe-
licale o successivamente al 2°-3° giorno di vita [32-35].

Adams e coll. [32] nel 1995 hanno esaminato 174
neonati di EG compresa tra 25-36 wk, di cui solo 45
<30 wk ed hanno analizzato i livelli di TSH e fT4 in
tempi diversi durante la prima settimana di vita. Il loro
studio ha evidenziato una correlazione positiva signi-
ficativa tra fT4 ed l’EG e valori inferiori di TSH nel neo-
nato pretermine rispetto al neonato a termine. Clark ha
valutato i livelli di TSH e fT4 dopo la prima settimana
di vita, esaminando solamente 14 bambini tra la 28°-
30° wk di EG, mentre tutti gli altri avevano un’EG >30
wk. Lo stesso AA. riscontra nel pretermine livelli di
fT4 simili a quelli di bambini o adulti [33].

Williams e coll. hanno effettuato vari studi nel neo-
nato a termine e pretermine, sia su sangue cordonale
che nel primo mese di vita. In un primo lavoro [34]
hanno esaminato su sangue cordonale alla nascita i li-
velli di TSH e tT4 in 4 gruppi di età gestazionale di-
verse: 23-27 wk, 28-30 wk, 31-34 wk, ≥37 wk. ,
riscontrando livelli simili di TSH tra la 27°-36° wk; il
tT4 mostra invece incrementi progressivi dalla 23°wk
fino alla ≥37° wk.

In un ampio studio del 2005 [35] lo stesso AA., ha
preso in considerazione una popolazione di 620 neo-
nati di EG compresa tra 23-42 wk e ha valutato i livelli
di TSH e T4 per ogni settimana di EG considerata. I ri-
sultati evidenziano bassi livelli di T4 alle più basse età
gestazionali, con incremento a partire dalla 27° wk fino
a termine, mentre i livelli di TSH sono risultati simili
tra la 27°-36° wk di EG, con un trend in riduzione nelle
fasce di età estreme.

Da quanto sovra esposto, la letteratura fornisce dei
reference ranges per tempi diversi rispetto a quelli da
noi valutati; infatti Adams ha esaminato i tassi di TSH
e fT4 durante la prima settimana di vita, Clark dopo la
prima settimana di vita e Williams nel cordone e dopo
la prima settimana di vita.

Noi abbiamo analizzato esclusivamente soggetti AGA
e una popolazione molto più ampia a tutte le età gesta-
zionali considerate ed in particolare alle più basse EG,
rispetto alle popolazioni analizzate dagli altri AA. Ab-
biamo preferito prendere in considerazione i risultati
dello Screening effettuato per l’Ipotiroidismo Congenito
in 2°-3° giornata di vita per due differenti motivi. Il
primo motivo è legato al fatto che, è chiaramente dimo-
strato, che molti fattori possono interferire sulla secre-
zione di T4 e soprattutto di TSH al momento della
nascita e quindi alterare i livelli di tali ormoni nel san-
gue del cordone ombelicale [21,22,28]. Inoltre i vari fe-
nomeni di adattamento neonatale si accompagnano ad
uno spiccato incremento del TSH e del T4 nelle prime
24 ore di vita, con incrementi maggiori in caso di vari
distress, soprattutto nel neonato ELGAN, il cui adatta-
mento risulta più difficoltoso rispetto a quello del neo-
nato a termine. In 2°-3° giornata di vita gli effetti
dell’adattamento neonatale tendono ad essersi stabiliz-
zati, così che i livelli ormonali risultano simili ai valori
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rilevati nei giorni successivi. Il secondo motivo è giusti-
ficato dal fatto che alcuni AA. propongono di effettuare
la profilassi per l’Ipotiroidismo Transitorio del neonato
ELGAN a partire dal 2°-3° giorno di vita [12-20].

I nostri dati indicano che in 2°-3° giornata il neonato
pretermine AGA presenta livelli di tT4 significativa-
mente inferiori rispetto al neonato a termine (Tabella
1). I livelli di tT4 aumentano progressivamente con
l’avanzare dell’EG, raggiungendo i valori più elevati
nel neonato a termine di 39-42 wk, come indica la cor-
relazione lineare tra i livelli di tT4 e l’EG, che è risul-
tata altamente significativa (p=0,001). E’ importante
sottolineare che l’incremento del tT4 è risultato alta-
mente significativo anche per fasce di età gestazionale
di due settimane. Quindi anche un minimo incremento
di EG, si accompagna ad un significativo incremento
di TH in tutte le fasce di età e persino nei neonati
ELGAN. L’unica eccezione a questo fenomeno è pre-
sente nella fascia di età 35-36 settimane, in cui i livelli
di tT4 rimangono stazionari rispetto alla fascia d’età
precedente; questo riscontro si potrebbe spiegare con-
siderando che questi neonati sono risultati più medi-
calizzati (antibiotici, nutrizione parenterale totale,
trasfusioni) rispetto a quelli di 33-34 settimane. Si po-
trebbe così ipotizzare che sia la maggior morbidità di
base che l’utilizzo di farmaci possano aver interferito
con la produzione e/o il rilascio di ormoni tiroidei.

Il TSH mostra invece una più debole correlazione con
l’EG, sia nei neonati pretermine che a termine: vi è in-
fatti una tendenza all’incremento dei valori del TSH
all’avanzare dell’EG, ma tali aumenti risultano signifi-
cativi solo in due fasce di età gestazionale (33-34wk vs
35-36wk/37-38wk vs 39-42wk). Noi riteniamo che per
poter valutare la funzionalità tiroidea di bambini sot-
toposti a fattori stressanti, quali sono quelli da noi esa-
minati, assume più importanza la valutazione del tT4
rispetto al TSH; dal momento che è stato provato che
la semplice puntura del tallone innalza i livelli di TSH
[21,22,28,35,36].

In relazione ai dati da noi ottenuti, che dimostrano
un incremento significativo dei livelli di tT4 anche per
piccoli aumenti dell’EG, non riteniamo opportuno ini-
ziare il trattamento ormonale sostitutivo del neonato
ELGAN in 2°-3° giornata di vita. Tuttavia è determi-
nante per il clinico avere un punto di riferimento pre-
ciso da cui partire, per stabilire se i livelli di TSH e T4
di un determinato bambino incrementano o diminui-
scono nei giorni successivi alla nascita. I lavori svolti,
concernenti la somministrazione di ormoni tiroidei alla
nascita nel neonato pretermine, hanno dimostrato ri-
sultati discordanti, per quanto riguarda sia il deficit
neurocognitivo di tali soggetti, sia l’incidenza di di-
stress respiratorio e di BPD [11-20]. Attualmente infatti
non esistono indicazioni precise, in rapporto agli studi
effettuati, per somministrare gli ormoni tiroidei a tutti
i soggetti ELGAN. Secondo studi di Williams e coll.
soltanto il 14% dei neonati pretermine va incontro ad
un Ipotiroidismo Transitorio durante il primo mese di

vita. Poiché vari fattori, quali sepsi, insufficienza re-
nale, insufficienza cardiaca e vari farmaci, possono al-
terare la funzionalità sia ipofisaria che tiroidea, noi
riteniamo che sia utile rivalutare i livelli di TSH e T4
dopo circa 7 giorni dalla nascita ed effettuare la som-
ministrazione di Tiroxina qualora tali livelli risultino
inferiori alle 2 DS rispetto ai valori medi da noi otte-
nuti in 2°-3° giornata di vita. E’ infatti evidente che si
può parlare di carenza ormonale quando i livelli di
TSH e T4 siano non inferiori rispetto a quelli del neo-
nato a termine, ma significativamente inferiori a quelli
riscontrati in una popolazione sufficientemente ampia
di soggetti pretermine di pari EG. La mancata sommi-
nistrazione di ormoni tiroidei, in caso di necessità,
comporta dei rischi che determinano una diminuzione
della produzione di surfactante da parte del neonato
pretermine, un’ alterata termogenesi ed un alterato me-
tabolismo in senso lato, che possono determinare una
diminuzione della sopravvivenza del neonato prema-
turo. Nelle epoche successive, in relazione all’impor-
tanza degli ormoni tiroidei sullo sviluppo cerebrale, la
mancata somministrazione di questi in un soggetto ca-
rente, per un periodo di tempo prolungato, quasi cer-
tamente può indurre dei danni al SNC, che si
esprimono con un deficit dei processi neurocognitivi
del soggetto e con un ridotto QI [37-40].

In conclusione secondo il nostro parere, il feto ed il
neonato, anche se pretermine, producono quantità di
ormoni sufficienti per sopperire alle loro necessità fi-
siologiche. Bisogna in ogni caso considerare che, vari
fattori che intervengono prima o immediatamente dopo
la nascita, possono determinare un esaurimento dell’
asse ipotalamo-ipofisi-tiroide ed è in tale momento che
dovremo sopperire alle necessità del piccolo essere,
somministrando ciò che la natura non è più in grado di
produrre a sufficienza.
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InTrODUZIOne

Circa il 15% dei neonati nasce piccolo per l’età gesta-
zionale (SGA). Si definisce SGA il neonato il cui peso
alla nascita è almeno 2DS inferiore alla media del peso
dei neonati in quella fascia di età. Molti sono i fattori
implicati nella nascita di un neonato SGA, tra cui: il po-
tenziale genetico, lo stato di nutrizione e la presenza di
malattie nella madre, la funzione placentare, il trasferi-
mento di nutrienti, gli ormoni e i fattori di crescita in-
trauterini [1-3]. Il neonato SGA presenta fin dall’epoca
di vita fetale, alterazioni endocrino-metaboliche che de-
terminano un aumentato rischio di mortalità e morbidità
perinatali [4-6, 15] e , secondo alcuni AA., di sviluppare
malattie cardiovascolari in età adulta [7-10]. Pochi sono
i lavori che hanno valutato i livelli degli ormoni tiroidei
(TH) in neonati SGA sia durante la vita fetale, che nel

cordone, che nelle prime epoche di vita e i risultati otte-
nuti sono discordanti [11-18].

In considerazione dell’importante ruolo degli ormoni
tiroidei nello sviluppo dell’apparato respiratorio, del
SNC e dell’intero metabolismo del soggetto, risulta
fondamentale stabilire l’effettiva funzionalità tiroidea
del neonato SGA, al fine di ottimizzare una eventuale
terapia ormonale sostitutiva [19-24].

SCOPO

Valutare se la funzionalità tiroidea del neonato a ter-
mine e pretermine SGA in 2°-3° giornata di vita diffe-
risce da quella del neonato AGA di pari età
gestazionale.
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SCREENING TEST FOR CONGENITAL HYPOTHYROIDISM: THYROID STIMULATING HORMONE (TSH)
AND THYROXINE (T4) IN THE ADAPTED FOR GESTATIONAL AGE NEWBORN (AGA)

AND IN THE SMALL FOR GESTATIONAL AGE NEWBORN (SGA) AT TERM AND PRETERM

Bagnoli Franco, Montecchiani Giada, Farmeschi Laura, Nappini Sara, Badii Silvia,
Cecchi Sara, Mori Annalisa, Peruzzi Luana, Tomasini Barbara 

D.A.I. Maternal-Infantile, University of Siena, Siena, Italy

Abstract. The small for gestational age newborn (SGA), which compared the adapted for gestational age newborn (AGA),
has a higher risk of perinatal mortality and morbidity, also according to some authors of developing cardiovascular disease
in adulthood. To establish if thyroid function of the newborn term and preterm SGA, in 2nd and 3rd day of life differs from
that of the AGA infant of the same gestational age (GA). The levels of TSH and tT4 in 2nd and 3rd day of life were examined
and obtained with the Screening for Congenital Hypothyroidism in a population of 1,958 infants, of which 1,671 resulted in
AGA and 287 resulted in SGA. The overall population was divided into eight groups in relation to different GAs: 23-25, 26-
28, 29-30, 31-32, 33-34, 35-36, 37-38, 39-42 weeks (wks). For each age range or group (AGA and SGA) in which the popu-
lation was divided, the median of the values obtained for TSH and tT4 was measured. TSH levels were higher in SGA infants
at different GAs considered (significantly 31-32 wks: p=0.0428 and 37-38 wks: p=0.0149), with the exception of infants aged
26-28 wks, whose TSH levels were significantly lower: p=0.0591 compared with AGA infants of the same GA. Instead, in
the levels of tT4 in the SGA, newborn findings were lower than those of AGA infants at all gestational ages considered, but
significantly only at 26-28 wks: p=0.0001 and 39-42 wks: p=0.0190. tT4 levels show a linear and significant increase with
the advancing of GA, reaching the highest values in term newborns at 39-42 wks, both in overall populations (AGA and
SGA); conversely, TSH levels, though showing significant increases starting from lower classes of GA, increased in a less
linear way, probably due to different stressful factors. Looking at the whole population examined, tT4 levels are significantly
lower in SGA infants compared with AGA newborns (p.< 0,00005), instead TSH levels are significantly higher in the SGA
population compared with AGA infants (p=0,046). Overall, our data show significantly lower levels of tT4 and significantly
higher levels of TSH in the SGA population compared with AGA infants of the same gestational age. These results suggest
to monitor over time both the newborn term and the preterm SGA in order to assess the full normalization of the hypothal-
amic-pituitary-thyroid axis.

Key words: screening test, AGA, SGA, TSH, tT4, term and preterm newborn.
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MATerIAlI e MeTODI

In una popolazione di 1958 neonati, di cui 1671 AGA
e 287 SGA, sono stati esaminati i livelli di TSH e tT4 in
2°-3° giornata di vita, ottenuti con lo Screening effettuato
per l’Ipotiroidismo Congenito. Abbiamo escluso dal no-
stro studio i neonati le cui madri erano affette da patolo-
gie tiroidee e/o che fossero in terapia ormonale
sostitutiva. La popolazione dei soggetti AGA era compo-
sta da 1159 nati a termine e 512 pretermine, mentre la
popolazione dei soggetti SGA era costituita da 140 nati a
termine e 147 pretermine. La popolazione sia AGA che
SGA è stata suddivisa in 8 gruppi in rapporto a diverse
fasce di età gestazionale; abbiamo inoltre suddiviso la
stessa popolazione in 4 classi di peso(< 1000gr, ≥1000gr
≤ 1500 gr, >1500gr < 2500 gr, ≥ 2500 gr) e calcolato le
medie±DS e le mediane dei valori del TSH e del tT4.

Il numero dei casi, l’età gestazionale e la media del
peso dei vari gruppi considerati sono illustrati nella Ta-
bella 1. Per ogni fascia di età o gruppo in cui è stata
suddivisa la popolazione, è stata calcolata la media±DS
e la mediana dei valori ottenuti del TSH e del tT4.

Per effettuare lo Screening per l’Ipotiroidismo Conge-
nito è stata praticata una puntura sul tallone ben riscal-
dato del neonato con ago inferiore a 2 mm. Il tallone è
stato spremuto delicatamente e la carta da filtro è stata
appoggiata sulla goccia di sangue. In seguito i cartoncini
sono stati lasciati asciugare all’aria per almeno 4 ore ed
inviati al laboratorio entro 24 ore. La carta filtro utilizzata
è stata prodotta da ‘Schleicher & Shuell’.

Il dosaggio ormonale è stato effettuato con il kit per
il saggio fluoroimmunoenzimatico ‘Delfia’ (Pharmacia
Turku Finland).

L’analisi statistica dei dati è stata effettuata utiliz-
zando il Software‘ Graph Pad Prism’.

rISUlTATI

I risultati ottenuti sono visualizzabili nelle Tabelle 2-
3-4 e nelle Figure 1-2-3-4.

DISCUSSIOne

Il neonato SGA presenta un’aumentata morbidità e
mortalità neonatale, dovute ad una maggiore incidenza
di RDS, tendenza all’ipo/iperglicemia ed altre alterazioni
ormonali. Inoltre alcuni AA., hanno riscontrato nelle
epoche successive della vita, una maggiore incidenza di
malattie cardiovascolari e metaboliche [4-10, 15).

Altri AA. sostengono che nel neonato SGA le altera-
zioni metabolico-ormonali postnatali, tra cui quelle ti-
roidee, riflettono fenomeni prenatali e che tali riscontri
siano concausa e/o conseguenza del ritardo di accresci-
mento intrauterino [4,5,10]. Gli studi che hanno valu-
tato i livelli di TSH e tT4 in neonati AGA e SGA sono
pochi e discordanti, probabilmente in considerazione
del tipo di parto e della diversa tempistica in cui è stato
eseguito il prelievo. Bisogna infatti considerare che le
secrezioni ormonali, tra cui anche quella del TSH, va-
riano a seconda del tipo di parto: il parto vaginale in-
fatti determina un brusco picco di rilascio del TSH
ipofisario (60-70 mcU/L) con conseguente incremento
del T4 e del T3 fino alla 24° ora di vita, viceversa questo
picco si realizza molto più tardivamente nel neonato
nato da taglio cesareo elettivo [1,14]. Altrettanto im-
portante nel determinare l’ipersecrezione del TSH alla
nascita sono la sofferenza fetale e/o perinatale, con con-
seguente ipossia o asfissia [14]. Inoltre l’adattamento
del neonato pretermine e in particolare se SGA è più
difficoltoso, per cui è opportuno secondo noi valutare
i livelli di TSH e tT4 in 2°-3° giornata di vita, epoca in
cui gli stress legati al parto si sono esauriti. Pertanto
noi riteniamo più attendibili i valori ottenuti o con la
funicolocentesi, in quanto è sufficientemente indicativa
della reale secrezione ormonale fetale o dopo le prime
48-72 ore di vita, momento in cui l’adattamento neo-
natale è ormai completato.

Due studi sono stati effettuati con la funicolocentesi.
In particolare Thorpe Beenston e coll. [11], hanno ri-
scontrato livelli di TSH significativamente più elevati

Tabella 1. Numero dei casi, EG, peso (media±DS) della popolazione AGA e SGA esaminata.
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Tabella 2. Valori di TSH e tT4 (media±DS, mediana e p value) nella popolazione totale dei neonati AGA e SGA.

Tabella 3. TSH e tT4 nei soggetti AGA e SGA suddivisi per
fasce di età gestazionale. Media±DS, Mediana, P value.

Tabella 4. TSH, tT4 e P value nei soggetti AGA e SGA sud-
divisi per fasce di peso. Media±DS, Mediana, P value.
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e fT4, tT4 significativamente più bassi nei feti SGA ri-
spetto ai feti AGA di età gestazionale (EG) compresa
tra 21-38wk. Il deficit di TH nei feti SGA è sostenuto
anche da studi di Kilby e coll. [4,5], che hanno inoltre
osservato una maggiore espressione placentare di re-
cettori (TR a1, a2, b1) e una ridotta espressione cere-
brale di TR in feti IUGR, il che permetterebbe l’ipotesi
di un maggior rischio di alterazione neurologica per tali
feti. Discordanti sono i risultati di studi effettuati su
neonati AGA e SGA su sangue cordonale, così come
studi effettuati in epoche successive [12-18]. 

Setia e coll. [12] in una popolazione di 50 IUGR vs
50 controlli, hanno evidenziato valori di TSH signifi-
cativamente più elevati (p=0,0009) e T4 significativa-
mente più bassi (p< 0,001) negli SGA. Viceversa
Mahajan e coll. [13] in uno studio che ha esaminato
74 neonati SGA e 226 neonati AGA, non hanno otte-
nuto differenze significative nei livelli di TSH e T4.
Allo stesso modo Rashmi e coll. [14] in una più ampia

popolazione di neonati, non hanno riscontrato diffe-
renze significative per quanto riguarda i livelli di TSH
tra AGA e SGA nel sangue cordonale. Viceversa
Nieto-Diaz e coll. [15] hanno ottenuto livelli di TSH
significativamente più bassi negli SGA rispetto alla
popolazione di controllo. Similmente Malik e coll.
[16] hanno trovato negli SGA sia a termine che pre-
termine, livelli di TSH inferiori ma non significativa-
mente rispetto agli AGA.

Anche gli studi effettuati nelle prime settimane e
mesi di vita, mostrano risultati discordanti.

Jacobsen e coll. [17], in un primo studio del 1977,
hanno esaminato 93 neonati a termine, di cui 37 SGA
di EG compresa tra 37-40wk e hanno riscontrato nei
primi 6 giorni di vita concentrazioni sieriche di TSH
non significativamente differenti nella popolazione
SGA rispetto alla restante popolazione di neonati a
termine; invece le concentrazioni sieriche di T4 sono
risultate significativamente più basse nella popola-

Figure 1-2. Andamento dei livelli di TSH e tT4 (mediane)
alle varie età gestazionali in neonati AGA e SGA in 2°-3°
giornata di vita.

Figure 3-4. Andamento dei livelli di TSH e tT4 (mediane) in
varie fasce di peso in neonati AGA e SGA in 2°-3° giornata
di vita.
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zione SGA. In un successivo studio Jacobsen e coll.
[18], analizzando 127 neonati AGA di EG compresa
tra 37-42wk e 91 SGA di EG compresa tra 37-41wk,
in un periodo compreso tra il 7° e il 240° giorno di
vita, non hanno evidenziato differenze significative
nei livelli di TSH, mentre i tassi di T4 sono risultati
significativamente inferiori nei soggetti SGA, ma sol-
tanto fino al compimento del primo mese di vita. Il
nostro studio dimostra che il comportamento della
funzionalità tiroidea e ipofisaria dello SGA è perfet-
tamente analogo a quello riscontrato nei neonati
AGA, con incremento sia del TSH ma soprattutto del
tT4 strettamente correlato all’età gestazionale (Tabella
3 e Figure 1-2). Tuttavia i livelli di tT4 nei neonati
SGA sono leggermente inferiori in tutte le fasce di età
a quelli dei neonati AGA e significativamente ridotti
solo alla 26°-28° wk e alla 39°-42° wk. I livelli di TSH
nei nati SGA invece, sono risultati più elevati a tutti i
tempi considerati rispetto a quelli rilevati nel neonato
AGA di pari età gestazionale, con differenze signifi-
cative alla 31°-32°wk e alla 37°-38° wk, con esclu-
sione dei nati alla 26°-28°wk, dove abbiamo
riscontrato livelli di TSH e tT4 significativamente in-
feriori rispetto agli AGA. Si potrebbe ipotizzare che,
se un’agente patogeno colpisce in età estremamente
precoce nel determinare un ritardo di accrescimento
intrauterino, sia capace in questo caso di provocare
oltre che una maggiore disfunzione tiroidea, anche un
danno ipofisario, cosa che non succede nelle età suc-
cessive. Nel complesso il riscontro nella popolazione
SGA di livelli di TSH significativamente maggiori e
di livelli di tT4 significativamente minori rispetto alla
popolazione AGA, rende plausibile l’ipotesi che la
ghiandola tiroidea risenta maggiormente rispetto al-
l’ipofisi di noxae patogene che hanno causato il ri-
tardo di accrescimento. Per tale motivo l’ipofisi del
neonato SGA potrebbe essere costretta a secernere una
maggiore quantità di TSH per mantenere livelli di or-
moni tiroidei da considerarsi nella norma. I nostri dati
suggeriscono che l’età gestazionale sia la principale
variabile da considerare per predire i livelli di tT4. In-
fatti la valutazione della nostra popolazione in rap-
porto al peso mette in evidenza livelli di TSH e tT4
più elevati nei neonati SGA rispetto ai neonati AGA
in tutte le fasce di peso con l’unica eccezione dei neo-
nati di peso ≥2500 gr, la cui mediana dei valori del tT4
risulta pressoché sovrapponibile nella popolazione
AGA e SGA (Tabella 4 e Figure 3-4). Naturalmente
tale reperto è facilmente spiegabile poichè, a parità di
peso, gli SGA hanno per definizione un’EG più avan-
zata rispetto ai soggetti AGA.

Secondo il nostro parere, il presente studio fornisce
valori di TSH e tT4 attendibili, perché scevri dai mag-
giori fattori confondenti, quali la tipologia di parto e i
fenomeni di adattamento neonatale. Infatti il prelievo
è stato eseguito in 2°-3° giornata di vita, momento in
cui le interferenze di tali fattori sulla secrezione ormo-
nale sono ormai esaurite.

COnClUSIOnI

I dati del nostro studio suggeriscono che nel neonato
SGA, sia pretermine che a termine, è presente una mo-
dica iperfunzionalità ipofisaria, necessaria per compen-
sare una modica ipofunzionalità tiroidea. Tuttavia non
possiamo dire se tale parziale compenso sia sufficiente
per un ottimale adattamento di questi neonati e se
l’iperfunzionalità ipofisaria, protratta nel tempo, possa
determinare un esaurimento della funzionalità tiroidea
e quindi favorire una maggiore incidenza di patologie
nel soggetto SGA. A nostro parere appare estrema-
mente interessante sottolineare che i soggetti SGA di
più bassa età gestazionale (26-28 settimane), presen-
tano livelli di TSH significativamente inferiori rispetto
ai nati AGA, nonostante i più bassi livelli di tT4 del
primo gruppo. E’ ipotizzabile che il fattore o i fattori
che determinano un ritardo di accrescimento intraute-
rino, se intervengono nella fase della embriogenesi,
siano capaci di provocare oltre che un danno della fun-
zionalità tiroidea anche un danno ipofisario. Diventa
quindi importante alla luce dei risultati un più stretto
follow up ormonale dei neonati SGA, soprattutto dei
nati di età gestazionale molto bassa, per intervenire con
la terapia ormonale sostitutiva laddove si dovessero ri-
scontrare valori ormonali alterati. Una limitazione del
nostro studio è stata quella di aver considerato tutti i
soggetti per definizione SGA, senza aver fatto la distin-
zione tra neonati costituzionalmente piccoli (low pro-
file) e gli IUGR veri e propri, cioè neonati in cui ad un
certo momento della gravidanza è intervenuta una noxa
patogena nel determinismo del ritardo di accresci-
mento intrauterino. In quest’ultimo caso infatti l’as-
setto ormonale sarebbe potuto essere meglio delineato.
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