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Abstract. Among solid malignancies, thyroid cancer is the one showing the greatest increase in incidence in the last 10-15
years. The most likely explanation for this increase is better detection as a consequence of more diffuse screening of thyroid
disorders in the general population, although an intervention from environmental carcigogens may be considered. Fortunately,
most of these cancers are detected in early phase and have an excellent long term prognosis when treated appropriately. How-
ever, about 10-15% of the cases have aggressive features at presentation, tend to progress rapidly and eventually will kill the
patient. Thus, the effort of the scientific community in recent yeas has been devoted to better understanding of the natural bi-
ology of the disease and to develop new therapeutic strategies for difficult cases. This research is culminated in better defini-
tion of the oncogenes responsible of thyroid cancer, in the use of molecular diagnosis to direct different therapies and in
experimental trials with new drugs of the tyrosine kinase inhibitor family. All together these new achievements are offering
new benefits in the management of thyroid ancer.
Keywords: Thyroid cancer, thyroglobulin, recombinant human TSH, oncogenes, tyrosine kinase inhibitors, fine needle as-
piration cytology.
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erator. Indeterminate lesions account for nearly 20% of
all FNAC which cannot be differentiated in benign or
malignant based on cytological features and refer to an
heterogeneous group of “follicular lesions” including
follicular lesion of indeterminate significance (FLUS),
follicular/Hürthle cell neoplasm (FN/HCN), and follic-
ular lesions suspicious for malignancy, which correlate
with increasing risk of malignancy of 5-10%, 20-30%,
and 50-75%, respectively (8). Due to the lack of defin-
itive diagnosis, most patients with indeterminate cy-
tology undergo surgery, although only 8-17% of them
will be found to have thyroid cancer (9, 10). Therefore,
a significant proportion of patients in this category are
submitted to unnecessary thyroidectomy and are ex-
posed to the risk of surgical complications, contribut-
ing to the increase in medical costs.
To overcome this limitation, several diagnostic ap-
proaches complementary to FNAC, have been sug-
gested. Ultrasound features have been analyzed and
scoring systems have been created to predict the like-
lihood of malignancy in thyroid nodules (11, 12). To
date, studies of various combinations of these features
have failed to provide sufficient sensitivity and speci-
ficity to advocate their routine use. An attractive alter-
native has been the search of molecular markers of
malignancy by immunocytochemistry, such as galectin
3 and HBME-1 (13, 14). Despite preliminary enthusi-
asm, extensive experience with these markers failed to
provide clear evidence of better diagnostic accuracy
compared to traditional cytology. 
More recently, screening methods based on the search
of molecular markers of malignancy have attracted the

Thyroid nodules have a high prevalence, occurring in
more than 20% of the general population worldwide,
especially in iodine deficient areas and in people older
than 50 years (1). According to the method of detection,
the prevalence of thyroid nodules ranges between 4%
by palpation to 70% by neck ultrasonography (2-4).
Neck ultrasound is widely used in clinical practice in
several thyroidal and non-thyroidal diseases and it is
responsible for the large increase detection of thyroid
nodules and cancers, which is becoming a social issue
for public health. Indeed, recent epidemiological data
have shown that thyroid cancer is the human cancer at
the largest increase in annual rate among all human
solid cancers (5, 6). Considering that only 5-10% of
thyroid nodules are of malignant nature, it is apparent
that the clinical issue is the cost-effective differential
diagnosis between benign nodules (the large majority,
usually requiring no therapy) and the malignant ones
(the small minority, deserving appropriate treatment).
Fine-needle aspiration cytology (FNAC) is widely ac-
cepted as the most accurate, sensitive, specific and cost-
effective diagnostic procedure in the assessment of
thyroid nodules and helps to select people for surgery
(4). Routine use of FNAC in the evaluation of thyroid
nodules has reduced the need for thyroidectomy by 20-
50% while increasing the yield of thyroid cancer diag-
nosis by 15-45% (7). Despite its relatively good
sensitivity and specificity, FNAC has some limitations
related to inadequate or indeterminate sampling. Inad-
equate sampling may occur in 10-20% of the aspirates
and it is usually due to small size of the nodules, abun-
dant vascular component or low experience of the op-
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attention of several research groups, based on the ele-
vated knowledge of the genetic alterations associated
with thyroid tumorigenesis. Distinct genetic alterations
in several proto-oncogenes have been associated with
different histotype of thyroid cancer (papillary, follic-
ular and medullary thyroid cancer) in the form of point
mutations or gene rearrangements and altogether are
present in nearly 90-95% of all thyroid cancer, but not
in benign nodules. The genetic changes are usually
mutually exclusive and most of the times are specific
to different histotypes. Oncogenic RAS activation re-
sults from point mutations, affecting the GTP-binding
domain (codons 12-13) in exon 1 or the GTPase do-
main (codon 61) in exon 2, (15, 16). The frequency of
RAS mutations varies from 7-62% in different series
(17-19).
BRAF activates the MAPK cascade thus promoting the
transcription of target genes involved in cell prolifera-
tion, survival and apoptosis (20). The most common
BRAF mutation is the substitution V600E which has
been found in nearly 40% of papillary thyroid cancer
(21). 
The p53 gene encodes a nuclear transcription factor
that plays a central role in the regulation of cell cycle,
DNA repair and apoptosis. Alterations in the p53
tumor suppressor gene by inactivating point muta-
tions, deletions or insertions usually involved exons 5-
8 and have been described in poorly differentiated and
undifferentiated thyroid carcinoma with frequencies of
22-83% in different series (22, 23).
The RET protooncogene is a 21-exon gene located on
the proximal long arm of chromosome 10 that encodes
a tyroisine kinase receptor. RET proto-oncogene muta-
tions are represented by intra- and inter-chromosome
rearrangements in which the tyrosine kinase domain
of RET gene is under the promoter of an ubiquitary
gene (24). Although many rearrangements (almost 20)
have been described, RET/PTC1, RET/PTC2 and
RET/PTC3 are the most frequently found in papillary
thyroid cancer ranging from 3% to 60% in different se-
ries (25-27). 
The PAX8 gene encodes a transcription factor essential
for the genesis of thyroid follicular cell and regulation
of thyroid specific gene expression. PAX8/PPAR  re-
arrangement has been identified in a significant pro-
portion of FTC (36–45%), follicular adenoma (FA;
4–33%), follicular variant of PTC (37.5%) or Hürthle
cell carcinoma (28-31).
TRK rearrangements derive from intrachromosomal re-
arrangements of NTRK1 with TMP3 or TPR and have
been found in approximately 10% of thyroid cancer
(32). 
On the basis of these observation, the search of genetic
alterations in FNAC samples have attracted researcher’s
attention and for the first time the revised guidelines
for the management of thyroid cancer published by
ATA in 2009 (33) provided  a level C recommendation
in support of the use of molecular markers to help the
management of patients with indeterminate cytology. 
Many studies have demonstrated the feasibility of mu-
tation detection in FNA samples from thyroid nodules

and their contribution in improving the diagnostic ac-
curacy of FNAC. Search of BRAF mutation in cytolog-
ical material has been firstly reported by Cohen (34)
with good results and subsequently confirmed by other
authors (35-37). However, BRAF mutation account for
no more than 30-40% of papillary thyroid carcinomas
and thus cannot cover the entire spectrum of thyroid
malignancies. Other authors have searched for a panel
of oncogene mutations, including BRAF, RET/PTC and
TRK (38-41). All these authors concluded that the
identification of BRAF or RET/PTC refines the diagno-
sis of papillary thyroid cancer especially in FNAC with
indeterminate cytology. However, the ideal tool should
be to search for all oncogenes involved in thyroid tu-
morigenesis. This approach has been developed in our
laboratory by Cantara et al. (42), who analyzed the
presence of BRAF, RAS, RET/PTC, TRK, and
PAX8/PPARγ mutations in 235 FNAC and the corre-
sponding tumoral tissues taken at surgery. Mutations
were found in 28.5% of the cytological samples and
were always confirmed in the tissue sample. The pres-
ence of mutations at cytology was associated with can-
cer 91.1% of the times and with follicular adenoma
8.9% of the times, but never with hyperplastic nod-
ules. Similarly to Nikiforov results, BRAF or RET/PTC
mutations were always associated with cancer, while
RAS mutations were mainly associated with cancer
(74%) but also with follicular adenoma (26%). The di-
agnostic performance of molecular analysis was supe-
rior to that of traditional cytology, with better
sensitivity and specificity, and the combination of the
two techniques further contributed to improve the total
accuracy (95.7%), compared to molecular analysis
(92.8%) or traditional cytology (83.0%) alone. Overall
the association of oncogene analysis and traditional cy-
tology increases the diagnostic detection of thyroid
cancer and may help to choose the best therapeutic ap-
proach.
At the present, the use of molecular biology for the
evaluation of genetic alteration in FNAC samples
seems a real promise. The few limitations represented
by issues related to the technique (RNA recovery and
subjective interpretation of the results) and to the op-
erator (time consuming procedures and need of spe-
cialized laboratories), will be solved in future studies.
After a diagnosis of thyroid cancer has been made, the
next step is to ensure the more appropriate treatment
for a disease that is becoming more and more frequent.
Indeed, thyroid cancer, although representing less than
1 % of all human cancers, is the human neoplasm
showing the highest rate of increase in the last 20
years, with an incidence of approximately 15 new cases
per 100,000 people per year. Since most of these can-
cers are detected when they are very small (<1 cm),
most experts believe that the main reason for the in-
crease is a better diagnostic procedures and extensive
scrutiny of the thyroid gland in the general population,
although the influence of environmental factors cannot
be excluded. Nowadays, the most frequent type of thy-
roid cancer is papillary, the less aggressive and the
most curable of all thyroid cancers. It is essential that



these cancers be cured with the less aggressive proce-
dures, avoiding over treatment. Initial treatment for
thyroid cancer is total thyroidectomy and dissection of
involved lymph node compartments. After total thy-
roidectomy, patients with differentiated thyroid cancer
are treated with 131I activities aimed at ablating any
remnant thyroid tissue and potential microscopic resid-
ual tumor. This procedure decreases the risk of locore-
gional recurrence. Radioiodine ablation is
recommended in high risk patients and in low risk pa-
tients, while there is no indication in very low risk pa-
tients (those with unifocal T1 tumors, less than 1 cm
in size, with favorable histology, no extrathyroidal ex-
tension and lymph node metastases). Effective thyroid
ablation requires stimulation by TSH. In the past, this
was achieved by withdrawing l-thyroxine rendering
the patient severely hypothyroid. In the last 10 years,
this procedure has been substituted with a more effec-
tive method that avoid the need of hypothyroidism.
This method is based on the administration of recom-
binant human TSH (rhTSH) while the patient is on
levo-thyroxine (LT4) therapy. Recent multicenter and
prospective studies, including ours, have demonstrated
that this preparation is highly effective and safe and
that the rate of successful ablation is similar to that ob-
tained with LT4 withdrawal when using 3700 MBq
(100 mCi) or 1850 MBq (50 mCi) of 131I . Based on
these results the use of rhTSH has been approved in
Europe by the European Medicine Agency (EMEA)
and in USA by the FDA.
After thyroid ablation, aim of follow-up is the early
discovery and treatment of persistent or recurrent dis-
ease. To this purpose, we can rely on a specific and sen-
sitive serum tumor marker, thyroglobulin (Tg) which
is able to predict whether a patient is free of disease or
has persistent or recurrent disease. Our laboratory has
contributed in the definition of the use of Tg in the fol-
low-up of thyroid cancer patients. At 6 to 12 months
after surgery and thyroid ablation,  the follow-up is
based on physical examination, neck ultrasound,
rhTSH stimulated serum Tg measurement. At this time
most (nearly 80%) of the patients will belong to the
low risk categories and will disclose normal neck ul-
trasound and undetectable (< 1.0 ng/ml) stimulated
serum Tg in the absence of serum Tg antibodies. These
patients may be considered in complete remission and
their rate of subsequent recurrence is very low (<1.0%
at 10 years). Patients in remission may be shifted from
suppressive to replacement LT4 therapy, with the goal
of maintaining a serum TSH level within the normal
range. The subsequent follow-up of these patients
should be based on yearly physical examination,
serum Tg measurement on replacement LT4 and neck
ultrasound.   
The few patients with evidence of persistent disease,
or with detectable levels of serum Tg increasing with
time, require imaging techniques for the localization of
disease and appropriate treatment, including therapeu-
tic doses of 131I. Included in this category are the 5-
10% of DTC patients that presented with local or
distant metastases at diagnosis and an additional 5-

10% that develop recurrent disease during follow-up.
When appropriately treated, 2/3 of those patients with
local disease and 1/3 of those with distant disease may
achieve complete remission. Treatment of loco-regional
disease is based on the combination of surgery and ra-
dioiodine therapy. External beam radiotherapy may be
indicated when complete surgical excision is not pos-
sible or when there is no significant radioiodine uptake
in the tumor. Distant metastases are more successfully
cured if they take up radioiodine, are of small size lo-
cated in the lungs (not visible at X-rays). Lung macro-
nodules may benefit from radioiodine therapy but the
definitive cure rate is very low. Bone metastases have
the worst prognosis even when aggressively treated by
combination of radioiodine therapy and external beam
radiotherapy. Whenever radioiodine therapy is not ef-
fective and the disease progress, enrollment of the pa-
tients in experimental trials with tyrosine kinase
inhibitor should be the treatment of choice. We are cur-
rently involved in several such clinical trials, enrolling
patients with metastatic, refractory thyroid cancer, who
are treated with tyrosine kinase inhibitor, obtaining
promising results. Thanks to these trials, two of these
drugs have been approved by the European agencies
and are currently on the market.

REFERENCES
1. Dean DS, Gharib H. Epidemiology of thyroid nodules. Best Pract Res
Clin Endocrinol Metab. 2008 22:901-11.
2. Fish SA, Langer JE, Mandel SJ. Sonographic imaging of thyroid
nodules and cervical lymph nodes. Endocrinol Metab Clin North Am.
2008 37:401-17
3. Frates MC, Benson CB, Charboneau JW, Cibas ES, Clark OH, Cole-
man BG, Cronan JJ, Doubilet PM, Evans DB, Goellner JR, Hay ID,
Hertzberg BS, Intenzo CM, Jeffrey RB, Langer JE, Larsen PR, Mandel
SJ, Middleton WD, Reading CC, Sherman SI, Tessler FN. Management
of thyroid nodules detected at US: Society of Radiologists in Ultrasound
consensus conference statement. Ultrasound Q. 2006 22:231-8;
4. Mazzaferri EL. Managing small thyroid cancers. JAMA. 2006
295:2179-82.
5. Davies L, Welch HG. Increasing incidence of thyroid cancer in the
United States, 1973-2002. JAMA. 2006 295:2164-7.
6. Jemal A, Siegel R, Ward E, Murray T, Xu J & Thun MJ 2007 Cancer
statistics. CA: A Cancer Journal for Clinicians 57 43–66
7. Tonacchera M, Pinchera A, Vitti P. Assessment of nodular goitre. Best
Pract Res Clin Endocrinol Metab. 2010 24:51-61.
8. Nikiforova MN, Nikiforov YE. Molecular diagnostics and predictors
in thyroid cancer. Thyroid. 2009 19:1351-61.
9. Baloch ZW, Fleisher S, LiVolsi VA, Gupta PK. Diagnosis of "follicular
neoplasm": a gray zone in thyroid fine-needle aspiration cytology. Di-
agnCytopathol. 2002 26:41-4. 
10. Baloch ZW, LiVolsi VA, Asa SL, Rosai J, Merino MJ, Randolph G,
Vielh P, DeMay  RM, Sidawy MK, Frable WJ. Diagnostic terminology
and morphologic criteria for cytologic diagnosis of thyroid lesions: a
synopsis of the National Cancer Institute Thyroid Fine-Needle Aspira-
tion State of the Science Conference. Diagn Cytopathol. 2008 36:425-
37.
11. Papini E, Guglielmi R, Bianchini A, Crescenzi A, Taccogna S, Nardi
F, Panunzi  C, Rinaldi R, Toscano V, Pacella CM. Risk of malignancy
in nonpalpable thyroid nodules: predictive value of ultrasound and
color-Doppler features. J Clin Endocrinol Metab. 2002 87:1941-6. 
12. Cerutti JM, Delcelo R, Amadei MJ, Nakabashi C, Maciel RM, Pe-
terson B,Shoemaker J, Riggins GJ. A preoperative diagnostic test that

SYMPOSIUM ON ENDOCRINOLOGY

7



distinguishes benign from malignant thyroid carcinoma based on gene
expression. J Clin Invest. 2004 113:1234-42.
13. Bartolazzi A, Orlandi F, Saggiorato E, Volante M, Arecco F, Rossetto
R, Palestini N, Ghigo E, Papotti M, Bussolati G, Martegani MP, Pan-
tellini F, Carpi A, Giovagnoli MR, Monti S, Toscano V, Sciacchitano S,
Pennelli GM, Mian C, Pelizzo MR, Rugge M, Troncone G, Palombini
L, Chiappetta G, Botti G, Vecchione A, Bellocco R; Italian Thyroid Can-
cer Study Group (ITCSG). Galectin-3-expression analysis in the surgical
selection of follicular thyroid nodules withindeterminate fine-needle as-
piration cytology: a prospective multicentre study.Lancet Oncol. 2008
9:543-9
14. Prasad ML, Pellegata NS, Huang Y, Nagaraja HN, de la Chapelle
A, Kloos RT. Galectin-3, fibronectin-1, CITED-1, HBME1 and cytok-
eratin-19 immunohistochemistry is useful for the differential diagnosis
of thyroid tumors. Mod Pathol. 2005 18:48-57.
15. Barbacid M. Ras gene. Annu Rev Biochem. 1987 56:779-827. 
16. Finney RE, Bishop JM. Predisposition to neoplastic transformation
caused by gene replacement of H-ras1. Science 1993 260:1524-27.
17. Vasko V, Ferrand M, Di Cristofaro J, Carayon P, Henry JF, de Micco
C. Specific pattern of RAS oncogene mutations in follicular thyroid tu-
mors. JCEM. 2003 88:2745-52.
18. Nikiforova MN, Kimura ET, Gandhi M, Biddinger PW, Knauf JA,
Basolo F, Zhu Z, Giannini R, Salvatore G, Fusco A, Santoro M, Fagin
JA, Nikiforov YE. J Clin Endocrinol Metab. 2003 88:5399-404 
19. Riesco-Eizaguirre G, Santisteban P. New insights in thyroid follic-
ular cellbiology and its impact in thyroid cancer therapy. Endocr Relat
Cancer. 2007
20. Chang F, Steelman LS, Lee JT, Shelton JG, Navolanic PM, Blalock
WL, Franklin RA, McCubrey JA. Signal transduction mediated by the
Ras/Raf/MEK/ERK pathway from cytokine receptors to transcription
factors: potential targeting for therapeutic intervention. Leukemia 2003
17:1263-93.
21. Xing M. BRAF mutation in thyroid cancer. Endocrine-related Can-
cer. 2005 12:245-262.
22. Donghi R, Longoni A, Pilotti S, Michieli P, Della Porta G, Pierotti
MA. Gene p53 mutations are restricted to poorly differentiated and un-
differentiated carcinomas of the thyroid gland. J Clin Invest. 1993
91:1753-60.
23. Fagin JA, Matsuo K, Karmakar A, Chen DL, Tang SH, Koeffler
HP. High prevalence of mutations of the p53 gene in poorly differenti-
ated human thyroid carcinomas. Journal of Clinical Investigation 1993
91:179–184.
24.  Grieco M, Santoro M, Berlingieri MT, Melillo RM, Donghi R, Bon-
garzone I, Pierotti MA, Della Porta G, Fusco A & Vecchio G 1990 PTC
is a novel rearranged form of the ret proto-oncogene and is frequently
detected in vivo in human thyroid papillary carcinomas. Cell 60 557–
563 Finney RE, Bishop JM. 1993. Science 260:1524-27.
25. Bongarzone I, Monzini N, Borrello MG, Carcano C, Ferraresi G,
Arighi E, Mondellini P, Della Porta G & Pierotti MA 1993 Molecular
characterization of a thyroid tumor-specific transforming sequence
formed by the fusion of ret tyrosine kinase and the regulatory subunit
RI alpha of cyclic AMP-dependent protein kinase A. Molecular and Cel-
lular Biology 13 358–366
26. Santoro M, Dathan NA, Berlingieri MT, Bongarzone I, Paulin C,
Grieco M, Pierotti MA, Vecchio G & Fusco A 1994 Molecular charac-
terization of RET/PTC3; a novel rearranged version of the RET proto-
oncogene in a human thyroid papillary carcinoma. Oncogene 9
509–516.
27.  Elisei R, Romei C, Vorontsova T, Cosci B, Veremeychik V, Kuchin-
skaya E, Basolo F, Demidchik EP, Miccoli P, Pinchera A et al. RET/PTC
rearrangements in thyroid nodules: studies in irradiated and not irra-
diated, malignant and benign thyroid lesions in children and adults.
Journal of Clinical Endocrinology and Metabolism 2001 86:3211–
3216.
28. Kroll TG, Sarraf P, Pecciarini L, Chen CJ, Mueller E, Spiegelman
BM & Fletcher JA 2000 PAX8-PPARgamma1 fusion oncogene in
human thyroid carcinoma. Science 289 1357–1360 
29. Marques AR, Espadinha C, Catarino AL, Moniz S, Pereira T, So-

brinho LG & Leite V 2002 Expression of PAX8-PPAR gamma 1 re-
arrangements in both follicular thyroid carcinomas and adenomas.
Journal of Clinical Endocrinology and Metabolism 87 3947–3952
30. Nikiforova MN, Biddinger PW, Caudill CM, Kroll TG & Nikiforov
YE 2002b PAX8-PPARgamma rearrangement in thyroid tumors: RT-
PCR and immunohistochemical analyses. American Journal of Surgical
Pathology 26 1016–1023
31. Castro P, Rebocho AP, Soares RJ, Magalhaes J, Roque L, Trovisco
V, Vieira de Castro I, Cardoso-de-Oliveira M, Fonseca E, Soares P et al.
2006 PAX8-PPARgamma rearrangement is frequently detected in the
follicular variant of papillary thyroid carcinoma. Journal of Clinical
Endocrinology and Metabolism 91 213–220 
32. Pierotti MA, Greco A. Oncogenic rearrangements of the
NTRK1/NGF receptor. Cancer Lett. 2006 232:90-8.
33. American Thyroid Association (ATA) Guidelines Taskforce on Thy-
roid Nodules and Differentiated Thyroid Cancer, Cooper DS, Doherty
GM, Haugen BR, Kloos RT, Lee SL, Mandel SJ, Mazzaferri EL, McIver
B, Pacini F, Schlumberger M, Sherman SI,Steward DL, Tuttle RM. Re-
vised American Thyroid Association management guidelines for pa-
tients with thyroid nodules and differentiated thyroid cancer. Thyroid.
2009 Nov;19:1167-214.
34. Cohen Y, Rosenbaum E, Begum S, Goldenberg D, Esche C, Lavie
O, Sidransky D, Westra WH. Exon 15 BRAF mutations are uncommon
in melanomas arising in nonsun-exposed sites. Clin Cancer Res. 2004
10:3444-7.
35. Xing M, Tufano RP, Tufaro AP, Basaria S, Ewertz M, Rosenbaum
E, Byrne PJ, Wang J, Sidransky D, Ladenson PW. Detection of BRAF
mutation on fine needle aspiration biopsy specimens: a new diagnostic
tool for papillary thyroid cancer. J Clin Endocrinol Metab. 2004
89:2867-72.
36. Chung KW, Yang SK, Lee GK, Kim EY, Kwon S, Lee SH, Park do
J, Lee HS, Cho BY, Lee ES, Kim SW. Detection of BRAFV600E mutation
on fine needle aspiration specimens of thyroid nodule refines cyto-
pathology diagnosis, especially in BRAF600E mutation-prevalent area.
Clin Endocrinol (Oxf). 2006 65:660-6.
37. Marchetti I, Lessi F, Mazzanti CM, Bertacca G, Elisei R, Coscio GD,
Pinchera A, Bevilacqua G. A morpho-molecular diagnosis of papillary
thyroid carcinoma: BRAF V600E detection as an important tool in pre-
operative evaluation of fine-needle aspirates. Thyroid. 2009 19:837-
42.
38. Sapio MR, Posca D, Raggioli A, Guerra A, Marotta V, Deandrea
M, Motta M, Limone PP, Troncone G, Caleo A, Rossi G, Fenzi G, Vitale
M. Detection of RET/PTC, TRK and BRAF mutations in preoperative
diagnosis of thyroid nodules with indeterminate cytological findings.
Clin Endocrinol (Oxf). 2007 66:678-83.
39. Domingues R, Mendonça E, Sobrinho L, Bugalho MJ. Searching
for RET/PTC rearrangements and BRAF V599E mutation in thyroid
aspirates might contribute to establish a preoperative diagnosis of pap-
illary thyroid carcinoma. Cytopathology. 2005 16:27-31.
40. Pizzolanti G, Russo L, Richiusa P, Bronte V, Nuara RB, Rodolico V,
Amato MC, Smeraldi L, Sisto PS, Nucera M, Bommarito A, Citarrella
R, Lo Coco R, Cabibi D, Lo Coco A, Frasca F, Gulotta G, Latteri MA,
Modica G, Galluzzo A, Giordano C. Fine-needle aspiration molecular
analysis for the diagnosis of papillary thyroid carcinoma through
BRAF V600E mutation and RET/PTC rearrangement. Thyroid. 2007
17:1109-15.
41. Nikiforov YE, Steward DL, Robinson-Smith TM, Haugen BR, Klop-
per JP, Zhu Z, Fagin JA, Falciglia M, Weber K, Nikiforova MN. Mo-
lecular testing for mutations in improving the fine-needle aspiration
diagnosis of thyroid nodules. J Clin Endocrinol Metab. 2009 94:2092-
8. 
42. Cantara S, Capezzone M, Marchisotta S, Capuano S, Busonero G,
Toti P, Di Santo A, Caruso G, Carli AF, Brilli L, Montanaro A, Pacini
F. Impact of proto-oncogene mutation detection in cytological specimens
from thyroid nodules improves the diagnostic accuracy of cytology. J
Clin Endocrinol Metab. 2010 95:1365-9.

8

JOURNAL OF THE SIENA ACADEMY OF SCIENCES, PUBLISHED SINCE 1761 - VOL.3 - 2011



9

SYMPOSIUM ON ENDOCRINOLOGY

Fine needle aspiration cytology (FNAC) is the “gold
standard” for the differential diagnosis of thyroid nod-
ules (1,2). In general, in expert hands, it is associated
with good specificity and acceptable sensitivity (3).
However, this procedure have some limitations related
to inadequate sampling or to the difficulty to discrim-
inate follicular lesions. Therefore, a significant propor-
tion of patients who do not have malignant lesions are
submitted to unnecessary thyroidectomy.
The discovery of genetic alterations specific for differ-
entiated thyroid cancer may provide molecular markers
to be searched for in the material obtained by FNA,
thus increasing the diagnostic accuracy of traditional
cytology. Search of BRAF mutations in cytological ma-
terial has been reported with encouraging results (4-
10). However, BRAF mutation account for no more
than 30-40% of papillary thyroid carcinomas and can-
not cover the entire spectrum of thyroid malignancies.
The ideal tool should be to search for all, or at least the
most frequent, oncogenes involved in thyroid tumori-
genesis. This approach has been recently implemented
in some studies (11-15) which demonstrated that
screening thyroid nodules for RET, BRAF and RAS
mutations allowed to improve the diagnostic accuracy
of traditional cytology. 
Our Unit of Endocrinology was involved in pilot stud-
ies aimed to evaluate the diagnostic utility of screening
cytological samples for a complete panel of mutations,
including those associated with BRAF, RET, RAS,
TRK, and PPRγ proto-oncogenes. From the method-
ological point of view, our results conducted on 225
FNA and the corresponding surgical samples indicate

that the search of proto-oncogene mutations in cytolog-
ical samples is feasible and informative, although some
technical aspect remains to be improved. Indeed, in
nearly half of our cytological samples, we could not as-
sess RET/PTC rearrangements, due to low quantity of
material or bad quality of RNA. This problem can be
overcome by increasing the number of needle passes.
Nevertheless, the comparison between molecular
analysis in cytological samples and tissue samples
(where the above limitation was not present) showed
that the RNA issue only marginally affected the per-
formance of the method. As a matter of fact, the overall
concordance was satisfactory (88.2%) and the dis-
crepant results in favour of tissue samples (11.8%)
were mainly dependent from RET/PTC analysis (5
cases) but not from RAS and BRAF analysis (2 cases
each).
In our hands, molecular biology on cytological samples
correctly identified 78.2% of the thyroid cancer diag-
nosed at final histology as opposed to 58.9% identified
by traditional cytology. In other words, 15 out of  78
thyroid carcinomas were missed by cytology and were
detected by molecular biology. 
As in other series, BRAF mutations (restricted to the
V600E residue) (4-10) or RET/PTC rearrangements
(11-15) were associated with thyroid cancer in 100%
of the cases and were never found in benign nodules
or follicular adenomas. In other reports, the search of
RET/PTC rearrangements has been restricted to
RET/PTC-1 and 3 (11,14,15) and in other studies to
RET/PTC-1-2-3 (12,13,16). In our series, RET/PTC mu-
tations were mainly represented by RET/PTC-1 and 3,
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Abstract. Fine Needle  Aspiration  Cytology  (FNAC)  is the “gold standard” for the differential diagnosis of thyroid nodules,
but has the limitation of inadequate sampling or indeterminate lesions.  Our Unit of Endocrinology was involved in a pilot
study aimed to verify whether search of thyroid cancer-associated proto-oncogene mutations in cytological samples may im-
prove the diagnostic accuracy of FNAC. Our results demonstrated that the  presence of mutations at cytology was  associated
with  cancer  91.1%  of  the  times  and  with  follicular  adenoma  8.9%  of  the  times. BRAF  or  RET/PTC  mutations  were
always  associated  with  cancer,  while  RAS  mutations  were mainly  associated  with  cancer  (74%)  but  also  with  fol-
licular  adenoma  (26%).  The  diagnostic performance  of  molecular  analysis  was  superior  to  that  of  traditional  cytology,
with  better sensitivity and specificity, and the combination of the two techniques further contributed to improve the  total.
At the moment, we have introduced the search for the most common mutations (BRAF, 3 RAS isoforms and RET/PTC re-
arrangements) in the clinical practice especially in those FNAC which resulted indeterminate at the first cytological analysis.
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but also one  RET/PTCX (9.0%) was found, indicating
the need of searching for any RET/PTC rearrangement. 
Our study included also the analysis of RAS mutations
that were associated with thyroid cancer in 74% of the
cases. The remaining RAS mutations (26%) were
found in follicular adenomas. This figure is very close
to that of Nikiforov et al. (15) who found that among 8
RAS positive samples, 7 (87.5%) were associated with
thyroid cancer and one with follicular adenoma. The
issue of RAS mutations deserves special discussion.
Theoretically, when the RAS mutation is found in fol-
licular adenoma, it should be considered as a false pos-
itive result. However, a follicular adenoma harbouring
a RAS mutation might be viewed as a pre-malignant
lesion (17), which deserves surgical treatment rather
than follow-up. In this view, the RAS mutation found
in follicular adenoma might be regarded as true posi-
tive (17). In the analysis of diagnostic performance, we
considered both possibilities and the result is that the
overall PPV increases from 91% to 100% when the
RAS mutation is computed as false positive or true pos-
itive, respectively. 
As well known, a FNAC indicative of thyroid cancer is
very rarely falsely positive (3). In this category molec-
ular biology does not add diagnostic information, al-
though the knowledge of a mutation associated with
worst outcome (BRAF) may influence the surgical
strategy (9). The great advantage of molecular analysis
is found in the other cytological categories: indetermi-
nate, benign and inadequate lesions. In these groups
(181 FNACs), we observed 32 thyroid cancers (false
negative results). Molecular biology was able to detect
24 of them (75%): 6/9 in the benign group, 6/7 in the
indeterminate group and 12/16 in the inadequate
group. Thus, we concluded that whenever a mutation
is found in these cytological categories we recommend
total thyroidectomy. On the contrary, when no muta-
tion is found the therapeutic strategy should be dic-
tated by the clinicl picture and the results of FNAC:
follow-up for benign cytologies, repeat FNAC for in-
adequate samples and lobectomy for indeterminate le-
sions.
After these pilot studies, we introduced the search for
the most common mutations (BRAF, 3 RAS isoforms
and RET/PTC rearrangements) in the clinical practice
especially in those FNAC which resulted indetermi-
nate at the first cytological analysis. To date we have
analyzed 34 inadequate samples and 75 indeterminate
samples finding 1 and 4 mutations respectively leading
to an overall percentage of 3.5% of cancer cases which
were not correctly diagnosed by the cytological exam. 
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Differentiated thyroid cancer (DTC), although mostly
sporadic, may have a familial occurrence (familial non-
medullary thyroid cancer, FNMTC), with a prevalence
of up to 10% (1-2). The risk of developing FNMTC in
first-degree relatives of subjects with DTC is signifi-
cantly higher (between 3.2-8.6) than in the general
population (3, 4). Several rare hereditary syndromes
caused by germline mutations of known tumour sup-
pressor genes, are associated with the occurrence of
DTC, mainly of the papillary histotype, such as familial
adenomatous polyposis, Cowden syndrome, Werner
syndrome, and Carney complex (5-8).  However, most
of the FNMTC patients have thyroid cancer as the only
disease manifestation and are not associated with a dis-
tinct phenotype. So far, no candidate gene(s) has been
discovered for this form of FNMTC and only in a mi-
nority of cases a locus of susceptibility  has been iden-
tified: the locus TCO on 19p13.2 (9), the locus PRN1
on 1q21 (10) and the locus NMTC1 on 2q21 (11). 
Genetic integrity is partly maintained by the architec-
ture of telomeres and it is gradually lost as telomeres
progressively shorten with each cell replication due to
incomplete lagging DNA strand synthesis and oxida-
tive damage. Telomerase is a reverse transcriptase en-
zyme that counteracts telomere shortening by adding
telomeric repeats to the G-rich strand. It is composed

of a telomerase RNA component (TERC), that serves as
a template for the addition of repeats and a protein
component, telomerase reverse transcriptase (hTERT)
(12). In humans this enzyme is present and active in
germ cells, in adult stem cells and in activated immune
cells, while it is absent, or expressed at very low levels,
in adult differentiated cells and resting immune cells.
In the absence of telomerase or when the activity of the
enzyme is low compared to the replicative erosion,
apoptosis is triggered (12). Interestingly, patients who
have inherited or acquired genetic defects in telomere
maintenance seem to have an increased risk of devel-
oping familial benign diseases such as dyskeratosis
congenital syndrome (13) and malignant diseases such
as head, neck, lung, breast and renal cancers (14).
Some studies have shown that relative telomere length
segregates in families (15, 16) and that decrease in
telomere length may play a role in age-related genetic
instability (17). On these bases, we have studied the
telomere-telomerase complex based on previous report
of high telomerase activity and short telomeres in can-
cer development (14). In sporadic thyroid carcinoma
telomerase activity is detectable in nearly 50% of thy-
roid cancer tissues and some authors proposed that the
detection of telomerase activity may be helpful in dif-
ferentiating between benign and malignant thyroid tu-
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Abstract. FDifferentiated non-medullary thyroid cancer (NMTC) is mostly sporadic, but the recurrence of familial form of
the disease has been reported. Short or dysfunctional telomeres have been associated with familial benign diseases and fa-
milial breast cancer.  We aimed to study the telomere-telomerase complex in familial NMTC (FNMTC). The genetic analysis
included the measurement in the peripheral blood of relative telomere length (RTL), telomerase reverse transcriptase (hTERT)
gene amplification, hTERT mRNA expression, telomerase protein activity and search of hTERT or TERC (telomerase RNA
component) gene mutations. We, also, studied telomeric fusions and associations as well as other chromosomal fragility fea-
tures by conventional and molecular cytogenetic analyses, in phytohemagglutinin stimulated T-lymphocytes from familial
patients, unaffected family members, sporadic PTC patients and healthy subjects. We found that, telomere lenght was sig-
nificantly shorter in the blood of familial patients compared to sporadic PTCs, healthy subjects, nodular goiter and unaffected
siblings. hTERT gene amplification was significantly higher in FNMTC patients compared to the other groups and, in par-
ticular, it was significantly greater in offspring with respect to parents. hTERT mRNA expression as well as telomerase activity
were significantly higher in FNMTC patients compared to sporadic In addition, we demonstrated that familial patients have
a significant increase in spontaneous telomeric associations and telomeric fusions compared to healthy subjects and sporadic
cases. Q-FISH analysis demonstrated that familial cases display a significant decrease in the telomeric PNA-FISH signal in-
tensity in metaphase chromsome. Our study demonstrates that patients with FNMTC display an imbalance of the telomere-
telomerase complex in the peripheral blood.

Keywords: Familial non medullary thyroid cancer, telomere instability, telomere length, telomere-telomerase complex.
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mours (18-20). Our results demonstrated that FNMTC
patients display shorter telomeres, increased amplifi-
cation in hTERT gene copy number and higher telom-
erase activity compared to sporadic PTCs in the
peripheral blood. The hTERT gene amplification posi-
tively correlates with hTERT mRNA expression which
is translated into a functional protein. We have also ob-
served that the relative telomere length found in
FNMTC patients of the second generation was similar
(and sometimes even shorter) to that of the parents and
was significantly shorter compared to unaffected sib-
lings. This result might be explained by the evidence
that average RTL is partly transmitted throughout gen-
erations (15, 16) and an X-linked pattern of inheritance
and a paternal transmission has been proposed. Our
patients of the first generation may also have inherited
short telomere from their parents (that we could not
study) or might have acquired the abnormality follow-
ing mutations/alterations of specific control mecha-
nisms, such as shelterin complex or transcription
factors. Whatever the mechanism(s), our results sug-
gest that patients born with short telomeres might
reach earlier in life, the threshold telomere length suf-
ficient to trigger cancer development and/or progres-
sion. This is consistent with the observation that our
patients of the second generation were always diag-
nosed with thyroid cancer at an earlier age compared
to their affected relative in the first generation. An in-
triguing finding of our study is the association of short
telomeres and elevated telomerase activity. We can
speculate that the high telomerase activity found in our
FNMTC patients represents a mechanism of telomere
stabilization which precludes DNA-damaged cells
from apoptosis and contributes to their genomic insta-
bility and immortalization, or might represent an inef-
fective tentative of telomere repair. Both hypotheses
may be supported by the inverse correlation found be-
tween RTL and hTERT gene amplification. Alterna-
tively, exaggerated hTERT activity may be expression
of an increase in hTERT gene copy number (or gene
amplification), which per se represents a genetic ab-
normality associated with genomic instability, as re-
cently demonstrated. In addition, we expanded our
observations, demonstrating that telomere instability,
represented by the formation of telomeric fusions is an
exclusive feature of FNMTC patients, suggesting their
non-random occurrence and the possibility to predis-
pose to the formation of telomeric fusions in prolifer-
ating cells as a consequence of breakage/fusion/bridge
cycles. FNMTC patients have a frequency of sponta-
neous chromosome fragility slightly higher than
healthy subjects and PTCs, and show a preponderance
of acentric fragments carrying telomeric sequences,
hence resulting from sub-telomeric chromosomal
breakage. Taken together, our observations indicate
that FNMTC patients show a predisposition toward
spontaneous chromosome fragility indicated by in-
creased telomere fusions and associations and shorter
telomeres which may be linked to earlier cancer devel-
opment. 
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INTRODUCTION
Thyroid cancer is the most common endocrine malig-
nancy although  representing less than 1% of all
human tumors. The follicular thyroid epithelium can
give rise to differentiated and undifferentiated carcino-
mas. Differentiated thyroid carcinoma (DTC) includes
the papillary and follicular histotype and their variants
accounting for more than 80% of all thyroid cancers.
Undifferentiated (or anaplastic) thyroid cancer is still
derived from the follicular epithelium but it is charac-
terized by the almost complete loss of thyroid differen-
tiation. Frequently, it can arise on the background of
pre-existent papillary or follicular carcinoma. Undiffer-
entiated thyroid carcinoma account for about 5% of
thyroid carcinoma. The incidence of thyroid cancer has
been increasing in many countries over the last 30
years (from 3.6/100000 people in 1973 to 8.7/100000
people in 2002) while mortality has been slowly de-
creasing (1). This phenomenon is mainly due to an in-
crease in small papillary (< 2 cm) tumors while there
is no significant change in the incidence of the less
common histological categories: follicular, medullary
and anaplastic cancers. The increase is attributable to

better detection of small papillary carcinomas as a re-
sult of improved diagnostic accuracy (neck ultrasound
and fine needle aspiration cytology). Despite increas-
ing incidence, the mortality from thyroid cancer has
been declining over the last three decades. In the Eu-
ropean Union from 1992 to 2002 the mortality for thy-
roid cancer declined in both man and women (-23 %
and -28% respectively) (2). It is unclear how much of
the decline in mortality is due to early diagnosis or to
improved treatment of the disease. The age-adjusted
death rate was 0.5 per 100,000 per year. Approximately
0.1% died under age 20; 0.9% between 20 and 34;
2.3% between 35 and 44; 8.1% between 45 and 54;
17.5% between 55 and 64; 24.1% between 65 and 74;
30.3% between 75 and 84; and 16.8% in patients older
than 85 years (2).

TREATMENT OF DIFFERENTIATED THYROID
CARCINOMA

SURGERY
The initial treatment for DTC is total or near-total thy-
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Abstract. Differentiated thyroid carcinoma (DTC), either papillary or follicular, has usually a very good prognosis with an
overall mortality of less than 10%. In recent decades, the clinical presentation of DTC has been changing from advanced cases
requiring intense treatment and surveillance to cancer detected by fortuitous neck ultrasonography requiring less aggressive
treatment and follow-up. 
The initial treatment for DTC is total or near-total thyroidectomy whenever the diagnosis is made before surgery. Central
compartment and possible lateral neck dissections should be performed when nodal metastases are present in the respective
nodal basins. Post-operatively, radioactive iodine ablation with 131I followed by thyroid stimulating hormone (TSH) sup-
pression is indicated in certain patients to improve locoregional control and reduce recurrence. After initial treatment thy-
roidectomy and radioiodine ablation), the objectives of the follow-up of DTC is to maintain adequate thyroxine therapy and
to detect persistent or recurrent disease through the combined use of neck ultrasound and basal and stimulated serum thy-
roglobulin (Tg) with or without diagnostic whole body scan (WBS). Recent advances in the radioidine therapy and follow-
up of DTC are related to the use of recombinant human TSH (rhTSH) in order to stimulate Tg production and radioiodine
uptake, and the ultrasensitive methods for Tg measurement during follow-up.
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roidectomy whenever the diagnosis is made before sur-
gery. Less extensive surgical procedures may be ac-
cepted in case of unifocal DTC diagnosed at final
histology after surgery performed for benign thyroid
disorders, provided that the tumor is small, intrathy-
roidal and of favorable histological type (classical pap-
illary or follicular variant of papillary or minimally
invasive follicular). The initial treatment of DTC
should always be preceded by careful exploration of
the neck by ultrasound to assess the status of lymph
node chains. Clinically evident lymph node metastases
are present in approximately one third of patients with
papillary thyroid carcinoma at presentation. Micro-
scopic metastases are present in one half. The most
common site of lymph node involvement is the central
compartment (level 6) The lateral lymph node chains
(levels 2-4) are the next most common sites of cervical
node involvement. Lymph nodes in the posterior tri-
angle of the neck (level 5) may also develop metas-
tases. Unlike papillary carcinoma, cervical metastases
from follicular carcinomas are uncommon. The benefit
of prophylactic central node dissection in the absence
of evidence of nodal disease is controversial. There is
no evidence that in papillary thyroid carcinoma may
improve recurrence or mortality rate, but allows accu-
rate staging of the disease that may guide subsequent
treatment and follow-up (3,4). Compartment-oriented
dissection of lymph nodes should be performed in case
of preoperatively suspected and/or intraoperatively
proven lymph node metastases. Prophylactic lymph
nodes dissection is not indicated in follicular thyroid
cancer. In expert hands surgical complications such as
laryngeal nerve palsy and hypoparathyroidism, are ex-
tremely rare (<1-2 %) (3,4).

RADIOIODINE ABLATIVE THERAPY
Surgery is usually followed by the administration of
131I activities aimed to ablate any remnant thyroid tis-
sue and potential microscopic residual tumor. This pro-
cedure does not seem to have an influence on mortality
rate, but in most series seems to reduce the risk of re-
gional recurrence and  facilitates the long term surveil-
lance based on serum Tg measurement and diagnostic
radioiodine WBS. In addition, the high activity of 131I
allows obtaining a highly sensitive post-therapeutic
WBS. According to several guidelines (3,4) the recom-
mendations for remnant thyroid ablation are modulate
on the bases of risk factors. Radioiodine ablation is in-
dicate in high risk patients whereas it is not indicate
in low risk patients. In patients at intermediate risk ra-
dioidine remnant ablation may be indicate but the de-
cision must be individualized (3,4). 
Effective thyroid ablation requires adequate stimula-
tion by TSH. This may be achieved by thyroid hormone
withdrawal (THW) or after  recombinant human TSH
(rhTSH) administration. The latter  procedure is con-
sidered the method of choice based on several reports
(5-7) demonstrating equal efficacy compared to THW
but better acceptance from the patients. In addition, in
the recent years it is increasingly  apparent that suc-
cessful thyroid ablation may be achieved using low ac-

tivities of 131I (1110- 1850 MBq) (6,7). 
Recent studies  demonstrate that rhTSH-assisted ra-
dioiodine ablative therapy is associated with similar
rates of persistent disease and clinically evident recur-
rence than those observed after for traditional THW
preparation, at least in the short term follow-up  (8,9).
In light of these data, the use of rhTSH for post-thy-
roidectomy 131I ablation represents a safe and effective
option for the postoperative management of patients
with thyroid cancer. In addition, preparation with ei-
ther rhTSH or THW appears to have similar adjuvant
therapy effects on small-volume RAI-avid disease
identified outside the thyroid bed at the time of initial
radioiodine remnant ablation (6,10).  Radioiodine-avid
metastastic disease discovered at the time of rhTSH-
stimulated remnant ablation was successfully treated
in about 70% of locoregional lymph nodes (6,10) and
in about 70% of  pulmonary micrometastases (10). 

FOLLOW-UP

SHORT TERM FOLLOW-UP
The aim of follow-up is the early discovery and treat-
ment of persistent or recurrent locoregional or distant
disease. The large majority of recurrences develop and
are detected in the first 5 years after diagnosis. How-
ever, in a minority of cases, local or distant recurrence
may develop in late follow-up, even 20 years after the
initial treatment .
Two to three months after initial treatment thyroid
function tests (FT3, FT4, TSH) should be obtained to
check the adequacy of Levothyroxine (LT4) suppres-
sive therapy. At 6 to 12 months the follow-up is aimed
to ascertain whether the patient is free of disease. This
follow-up is based on physical examination, neck ul-
trasound, basal and rhTSH stimulated serum Tg meas-
urement with or without diagnostic WBS (3,4). At this
time most (nearly 80%) of the patients will belong to
the low risk category and will disclose normal neck ul-
trasound and undetectable (<1.0 ng/ml) basal and
stimulated serum Tg in the absence of serum Tg anti-
bodies. Diagnostic WBS does not add any clinical in-
formation in this setting and may be omitted (11,12). 
Recently, new methods for serum Tg measurement
with functional sensitivity below 0.1 ng/ml became
available. Using these assays some authors reported
that an undetectable basal serum Tg  (<0.1 ng/ml) may
give the same information of a stimulated serum Tg
value, thus avoiding the need for Tg stimulation (13-
20). However, the higher negative predictive value
(NPV) of these tests is at the expenses of a very low
specificity and positive predictive value (PPV)  and the
risk is to expose large numbers of patients, probably
free of disease, to extensive testing and/or unnecessary
treatment. In clinical practice, when basal serum Tg is
≤0.1 ng/ml and neck ultrasound is unremarkable, pa-
tients may be considered free of disease (NPV = 100 %)
and can avoid an rhTSH stimulation. On the contrary,
when basal serum Tg is >0.1 ng/ml but less than 1.0
ng/ml, it is not possible to distinguish between ab-
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sence or presence of disease. In these cases, rhTSH
stimulation test may be still informative since it may
detect those patients in whom serum Tg increases to
more than 1 ng/ml. In these patients a more intensive
follow-up may be useful (19).

LONG TERM FOLLOW-UP
The subsequent follow-up of patients considered free
of disease at the time of their first follow-up will con-
sist of  physical examination, basal serum Tg measure-
ment on LT4 therapy and neck ultrasound once a year.
No other biochemical or morphological tests are indi-
cated unless some new suspicion arises during evalu-
ation. The question of whether a second rhTSH
stimulated Tg test should be performed in disease-free
patients is a matter of debate. Recent studies reported
that this procedures has  little clinical utility in patients
who had no biochemical (undetectable serum Tg) or
clinical (imaging) evidence of disease at the time of
their first control after initial therapy. In this group, the
second test confirmed complete remission in almost all
patients (11,12,21-24).
At the time of the first control after initial therapy,
about 20% of patients may have detectable basal or
stimulated serum Tg levels. If serum Tg is detectable
in basal condition the chance that the patient has visi-
ble disease are very high and thus imaging techniques
must be applied.  If serum Tg is detectable in the low
range after rhTSH stimulation and the chance of serum
Tg to convert from detectable to undetectable  during
follow-up is  about 50% (25) and thus observation is
all that is required. On the contrary, a trend of serum
Tg to increase over the time is an hallmark of possible
disease to be localized by imaging techniques includ-
ing  therapeutic doses of 131I (3,4). During the evalu-
ation of metastatic patients, 18 FDG-PET scanning is
gaining more attention as a diagnostic and prognostic
tool (26). In general, the sensitivity of 18 FDG-PET  is
not superior to that of traditional techniques such as
CT and MRN, thus the main indication for 18 FDG-
PET  is in metastatic patients who have lost radioiodine
uptake. 131I-WBS negative and 18 FDG-PET positive
patients indicate a group of tumors with more aggres-
sive and less differentiated phenotype carrying a worse
prognosis with respect to 131I-WBS positive and 18
FDG-PET negative patients. (26).
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Abstract. In the last decades significant progresses have been made in the field of cancer therapy, among all the so-called
“targeted therapy”. Tyrosine kinase inhibitors (TKIs) are example of these new strategy and they have been used in many
solid and hematologic tumors. TKIs are small molecules that inhibit  tyrosine kinases, enzymes responsible for the activation
of signal transduction cascades, through phosphorylation of various proteins. TKIs have been used in advanced thyroid cancer
refractory to conventional treatment.
So far, in MTC patients TKIs (motesanib, sunitinib, vandetanib, sorafenib, cabozantinib, axitinib) have determined an overall
objective response (stable disease and partial response) ranging 45-92% while in DTC patients between 49-82%.
From 2005 to 2010 we participated  in 5 international randomized trials, double-blind or in a single arm, using 5 different
TKIs. We enrolled  21 patients with MTC patients and 10 with DTC. Among patients with MTC, taking the drug and not the
placebo, we observed 38% of stable disease and 22% of partial response. In DTC patients we had nearly 50% of objective
response.
In general, limitations using TKIs are represented by adverse reactions, principally dermatological, and resistance.
In conclusion, TKIs seem to be a promising class of drugs to treat advanced thyroid cancer, refractory to conventional treatment
with quite manageable side effects.

Keywords: thyroid cancer, tyrosine kinase inhibitor, targeted therapy

Section of Endocrinology and Metabolism, Department of Internal Medicine,
Endocrinology & Metabolism and Biochemistry, University of Siena, Italy.

Lucia  Brilli

TYROSINE KINASE INHIBITORS IN ADVANCED THYROID CANCER

Correspondence to: 
Lucia Brilli
Section of Endocrinology and Metabolism, Department of Internal Medicine, Endocrinology & Metabolism and Biochemistry,
University of Siena, Policlinico “Santa Maria alle Scotte”, Viale Bracci 2, 53100 Siena,Italy.
email: luciabrilli@alice.it

therapy have no role [4]. Also in MTC chemotherapy is
not effective.
ATC represents less than 5% of all thyroid cancer but
is one of the most aggressive human tumors and its
prognosis is very poor, survival rate rarely exceeding 6-
12 months. It can arise de novo or from pre-existing
DTC. Therapy is based on surgery, whenever it is pos-
sible, external beam radiotherapy and chemotherapy
but with palliative effects.
So, more effective therapy clearly needed for differen-
tiated thyroid cancer resistant to radioactive-iodine,
metastatic MTC and in all cases of anaplastic thyroid
cancer. Conventional external-beam radiation and
chemotherapy offer only marginal benefit for these can-
cers. So, new treatment are required and, based on
knowledge of the molecular pathways involved in thy-
oid cancerogenesis, a new approach is costituted by the
so called “targeted therapy”.
Evidence has been accumulated in experimental mod-
els and clinical trials that, among several aberrant mo-
lecular mechanisms, one specifice oncogene or a
particular pathway may be sufficient to maintain the
malignant phenotype. This concept has been defined as
“oncogene addiction” [5]. The reversal of this abnormal-
ity can lead to inhibition of cancer growth and/or apop-
tosis and it is the rationale for the targeted therapy.  An

Thyroid cancer is represented by differentiated thyroid
carcinoma (DTC) constituted by papillary and follicular
histotype, medullary thyroid cancer (MTC, arising from
the parafollicular C-cells) and anaplastic thyroid cancer
(ATC).
Most patients with differentiated thyroid cancers have
limited disease and display an excellent prognosis with
standard treatment, consisting of surgical resection, ra-
dioactive iodine (131I) and l-tyroxine suppressive ther-
apy. Distant metastases at the time of diagnosis are very
rare (5% of the patients) and recurrent disease occurs
in another 10-15% of the cases. About half of these
cases can be cured with conventional radioiodine ther-
apy or additional surgical procedures, but another half
of these tumors became poorly differentiated, lose the
ability to take up radioiodine and have a poor survival
(15% at 10 years) [1-3]. No survival benefit has been
demonstrated with chemotherapy with cytotoxic drugs
(doxorubicin alone or in combination with other drugs)
or external beam radiotherapy.
Regarding MTC recurrent disease develops in approx-
imately 50% of the cases and distant metastases are
present, at first diagnosis, in 7-23% of the MTC pa-
tients. For metastatic MTC the overall survival rate is
only 25% at 5 years and surgery is the only treatment
option since radioactive iodine and TSH suppressive
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example of this phenomenon is the inactivation of an-
giogenetic genes leadind to inhibition of tumor inva-
sion, angiogenesis and  recurrence.
An example of targeted therapy is constituted by tyro-
sine kinase inhibitors (TKIs), small molecules that in-
hibit  tyrosine kinases, enzymes responsible for the
activation of signal transduction cascades, through
phosphorylation of various proteins. Many TKIs do not
have a single target but may inhibit several proteins po-
tentially involved in tumor growth.
A turning point in the field of TKIs started with the de-
velopment of imatinib. This drug was the first kinase
inhibitor approved by the FDA for the treatment of
chronic myeloid leukaemia. Imatinib therapy resulted
in a significant improvement of tumor response, overall
survival and patients’ outcome in CML compared to
previous therapeutic regimens.
In recent years, other new molecules have been devel-
oped acting directly on neoangiogenesis and/or cancer
cells proliferation. Some of these molecules have been
used in progressive advanced thyroid cancer with
promising results. The clinical response to these drugs
is always assessed by radiological evaluation using the
Response Evaluation Criteria in Solid Tumors (RE-
CIST) criteria.
So far, in MTC patients TKIs (motesanib, sunitinib,
vandetanib, sorafenib, cabozantinib, axitinib) have de-
termined an overall objective response (stable disease
and partial response) ranging 45-92% while in DTC pa-
tients between 49-82% [6].
From 2005 to 2010 we participated  in 5 international
randomized trials, double-blind or in a single arm,
using 5 different TKIs. We enrolled  21 patients with
MTC patients and 10 with DTC. Among patients with
MTC, taking the drug and not the placebo, we observed
38% of stable disease and 22% of partial response. In
DTC patients we had nearly 50% of objective response.
Moreover, in an ongoing off-label trial using sorafenib
we have tested the drug in 20 advanced thyroid cancers:
among them we observed a stable in disease in 7 pa-
tients and a partial response in 1 patient.
In general, limitations using TKIs are represented by
adverse reactions and resistance.
Regarding side effects, TKIs are generally quite well
tolerated with much less toxicity than chemotherapy.
The most common adverse events are represented by
constitutional symptoms such fatigue, weight loss, di-
arrhea and nausea, although only rarely they reach
moderate-severe grade, for which temporary discontin-
uation or dosage reduction is required.
Hypertension is a common effect to all VEGF inhibitors;
total incidence varies from 17 to 56% with grade ≥3
varies between 2-25%. Recently, a consensus regarding
the initial assessment and consequent management of
patients developing hypertension while receiving
VEGF pathway inhibitors has been reported [7]. 
Common to almost all TKIs is the occurrence of a series
of cutaneous adverse events including hand-foot skin
reaction (HFSR), mucositis, papulopustolar rash, alope-
cia and xerosis. Usually, these events occur within 6
weeks of therapy and often in the first 2 weeks. So far,

no consensus exists about the treatment algorithm to
follow in these cases, but expert recommendations and
proposed algorithm have been delivered [8].
Another common side effect with some TKIs is the in-
crease of serum TSH that often requires an adjustment
of L-tyroxine therapy. The intimate mechanism of this
alteration is still unknown but an interference in thy-
roid hormone metabolism or a decrease in l-tyroxine
absorption have been postulated.
An issue of all TKIs is represented by resistance phe-
nomenon that may be intrinsically or developing dur-
ing therapy and it implies a tumor cells insensitivity to
the drugs.
Another issues is that these drugs have a cytostatic ef-
fect so they have to administrated chronically and they
don’t cause tumor cell apoptosis; an alternative ap-
proach could be the association with cytotoxic drugs as
it has now be using in other ongoing clinical trials.
In conclusion, TKIs seem to be a promising class of
drugs to treat advanced thyroid cancer, refractory to con-
ventional treatment with quite manageable side effects.
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Introduction. Radioiodine-refractory and anaplastic thyroid cancers have a poor prognosis that may not be significantly al-
tered by the current treatment regimens. Therefore there is a compelling need to identify potential new therapies. TNF-related
apoptosis inducing ligand (TRAIL) induces apoptosis selectively in tumor cells, the IG20/MADD (Insulinoma-Glucagonoma),
a novel human gene, is over-expressed in cancer and confers TRAIL resistance. Therefore, we aimed to investigate the effects
of IG20/MADD knockdown on TRAIL induced-apoptosis in different types of thyroid cancer. Material and Methods. A
shRNA expressing lentivirus was used to selectively knockdown IG20/MADD in the human papillary thyroid cancer  (PTC)
cell lines: TPC1, KTC1 and BCPAP, the human follicular thyroid cancer (FTC) cell lines: WRO and FTC133 and the human
anaplastic thyroid cancer (ATC): C643, CAL62 and HTh7. Apoptosis was assessed by propidium iodide or TMRM staining
or detection of activated caspase-3 by flow-cytometry. Results. TPC1, BCPAP, WRO, C643, CAL62 and HTh7 cells were sen-
sitive to TRAIL-induced apoptosis, while KTC1, FTC133, FRO and 8505C cells were resistant to even high dose of TRAIL
(100 ng/ml). Upon knockdown of IG20/MADD all the sensitive cell lines cells had increased susceptibility to TRAIL-induced
apoptosis and previously resistant 8505C and FTC133 cells became sensitive to TRAIL. Only FRO cells could not be rescued
from TRAIL resistance because of caspase 8 deficiency, which is not a common finding in “in vivo” thyroid tumors. Moreover,
the combination of TRAIL with select Akt/mTOR (perifosine and everolimus) and/or MEK inhibitors (PD-0325901) showed
an antagonistic effect on TRAIL-induced apoptosis in ATC C643 cells, but had no effect on ATC 8505C cells.
Conclusions. IG20/MADD knockdown in TRAIL treated thyroid cancer cells enhanced apoptosis in sensitive cells and induced
significant cytotoxicity in resistant cells. This effect was not enhanced significantly in the presence of various inhibitors of
the MAPK/PI3K/Akt signaling pathways. TRAIL treatment combined with IG20/MADD knockdown may be a potential ther-
apeutic modality for radioiodine-refractory and anaplastic thyroid cancer.
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however, none of the treated patients had a complete
response, and only a minority of them had a partial re-
sponse and the treatment associated toxicities may be
significant (Schlumberger et al 2009, Smallridge et al
2009).
Tumor necrosis factor (TNF)-related apoptosis-inducing
ligand (TRAIL) is a member of the TNF family and can
induce apoptosis in a variety of cancer cells with little
or no effect on normal cells (Wiley et al 1995, Walczak
et al 1999, Ashkenazy&Dixit 1999). Because of this se-
lectivity, TRAIL represents a promising target for anti-
cancer therapy but the limitation of its use is
represented by the development of resistance. Different
mechanisms can inhibit TRAIL signaling in tumors
(e.g. over-expression of FLICE inhibitory protein)
(Thome et al 1997, Poulaki et al 2002). 
Dr Prabhakar’s group has, also, found that IG20 (insuli-
noma/glucagonoma) gene, is overexpressed in cancer
cells and tissues and can confer resistance to TRAIL-in-
duced apoptosis (Prabhakar et al 2008). It can encode,
in nonneuronal tissues, at least four different splice
variants (IG20-SVs), namely IG20pa, MADD/DENN,
IG20-SV2 and DENN-SV (Al Zoubi et al 2001, Lim et
al 2004, Li et al 2008), but only MADD has been shown

Thyroid carcinoma is the most frequently occurring en-
docrine cancer and is one of the most rapidly increasing
human cancers in the United States and other countries
(Davies et al 2006, Leenhardt et al 2004). A majority of
patients with thyroid cancer who undergo appropriate
treatment have an excellent outcome. However, in
about 10% of patients with well-differentiated thyroid
cancer (papillary thyroid cancer [PTC] and follicular
thyroid cancer [FTC]), the tumor loses its ability to take
up radioiodine, or becomes poorly differentiated or
dedifferentiated, leading to recurrent disease and death
(Pacini et al 2008). Further, patients with anaplastic
thyroid cancer (ATC) have a very poor prognosis, with
a mean survival time of less than 6 months from the
time of diagnosis, an outcome that may not be signifi-
cantly altered by current treatment regimens (Small-
ridge et al 2009). Therefore, there is a compelling need
for better understanding the thyroid tumorigenesis and
for improving the treatment of these cases.
Progress in identifying genetic/epigenetic alterations in
thyroid cancer cells is rapidly offering several opportu-
nities to develop new drugs directed to specific targets
(e.g. tyrosine kinase inhibitors). The results of several
phase II trials using molecular drugs are promising,



to be necessary and sufficient for cell survival (Mul-
herkar et al 2006).
In a preliminary study (Subramanian et al 2009), we
determined, by real-time PCR, the IG20 gene expres-
sion levels in thyroid normal and tumor tissues and in
two cell lines derived from well differentiated (WRO)
and undifferentiated (FRO) thyroid cancer. We found
that IG20 levels were higher in benign and malignant
thyroid tumors and in WRO and FRO cells relative to
normal tissues. Predominantly, MADD and DENN-SV
isoforms of IG20 gene were expressed. Using a short
hairpin RNA (shRNA) that targets exon 15, expressed
in all IG20 isoforms, we selectively knocked down
IG20 resulting in increased spontaneous and TRAIL -
induced apoptosis in WRO, but not FRO, cells.
TRAIL interacts with two cell-surface death receptors 4
& 5 (DR4/DR5) (Ashkenazy&Dixit 1999) and leads to
activation of caspase-8 or caspase-10 which in turn ac-
tivate downstream effector caspases (caspase-3 and -7)
with an irreversible commitment to cell death (Kischkel
et al 2000, Sprick et al 2000, Mitsiades et al 2000).
Since MADD is a negative regulator of caspase 8 (Mul-
herkar et al 2007), we expected an increased caspase-8
activation upon IG20 knockdown, therefore we deter-
mined the basal levels of caspase-8 in FRO cells and in-
terestingly we found that these cells expressed much
lower levels of caspase-8 compared to WRO follicular
thyroid cancer-derived cell line (Subramaniam et al
2009). Therefore, we assumed that the resistance of
FRO cells to apoptosis could be due to caspase-8 defi-
ciency. To test this hypothesis, we re-expressed caspase-
8 in FRO cells and we found that the cells became
susceptible to TRAIL treatment; as expected, IG20
knockdown further increased the TRAIL-induced
apoptosis (Prabhakar et al 2009).
We also determined the levels of caspase 8 in normal
and tumor thyroid tissues but we did not find any de-
ficiency or statistically significant difference in the ex-
pression of the protein. Since the caspase-8 defect
appears to be rare in human thyroid cancers, it may not
represent a limitation to the use of IG20 as therapeutic
target in thyroid cancer (Prabhakar et al 2009).
Subsequently, we examined four additional thyroid
cancer cell lines: BCPAP, TPC1, KTC1 and FTC133.
Three out of them (BCPAP, TPC1, KTC1) derived from
papillary thyroid cancer and FTC133 derived from fol-
licular thyroid cancer. All cell lines expressed higher
levels of IG20/MADD relative to normal thyroid tissues
consistently with previous results (Prabhakar et al
2009). We tested sensitivity of all four thyroid cancer
cell lines to TRAIL induced apoptosis and observed that
among the PTC-derived cell lines: BCPAP cells and
TPC1 cells were highly sensitive to TRAIL-induced
apoptosis even when TRAIL was used at a lower con-
centration. In contrast, PTC-derived cell line KTC1 and
the FTC-derived cell line FTC133 were only marginally
susceptible even when a high concentration of TRAIL
was used (Prabhakar et al 2009). 
To see whether IG20/MADD was contributing to the
observed resistance of KTC1 and FTC133 cells to
TRAIL-induced apoptosis, we knocked down the
IG20/MADD gene expression, and found that it could
render KTC1 and FTC133 cells susceptible to TRAIL-
induced apoptosis (Prabhakar et al 2009).
Recently, Dr Prabhakar’s group has observed that
MADD is a natural substrate for Akt phosphorylation
and that only phosphorylated MADD (pMADD) can

bind to DR4/DR5 and prevent activation of caspase-8
and protect cells from undergoing spontaneous and
TRAIL-induced apoptosis (Jayarama et al 2008). In
TRAIL susceptible cells, upon TRAIL treatment the
non-phosphorylated Akt and MADD accumulate,
which leads to MADD dissociation from and FADD as-
sociation with DRs resulting in caspase-8 activation and
cell death (Jayarama et al 2008).
Consistently with these findings, we found that upon
TRAIL treatment the levels of both pAKT and pMADD
were significantly reduced in the TRAIL sensitive
BCPAP and TPC1 cells, while they remained un-
changed in the TRAIL-resistant KTC1 and FTC133 cells
(Prabhakar et al 2009). To see is if a reduction in the
levels of pMADD can render TRAIL resistant KTC1 and
FTC1 cells susceptible, we transfected these cells with
either a empty vector or a vector capable of expressing
DN-Akt and treated the cells with TRAIL. Over-expres-
sion of DN-Akt induced a significant dephosphoryla-
tion of pAkt and pMADD in KTC1 and FTC133 cells
and rendered these cells more susceptible to sponta-
neous as well as TRAIL-induced apoptosis (unpub-
lished data). These observations raised the possibility
of using TRAIL in conjunction with either MADD
knockdown or MADD dephosphorylation to enhance
the therapeutic efficacy of TRAIL. 
A reduction in pMADD levels upon TRAIL treatment
could result from either up-regulation of PTEN or acti-
vation of a protein phosphatase; either of which can re-
duce the levels of pAkt with a resultant reduction in the
levels of pMADD. However, the precise mechanism by
which the levels of pAkt and pMADD are reduced in
TRAIL sensitive thyroid cancer cell lines is unknown
and is under active investigation.
Recently, we have selected four anaplastic thyroid can-
cer-derived cell lines (C643, HTh7, Cal62 and 8505C),
three out of them with an activating mutation of RAS
(CAL62, C643 and HTh7) and one of BRAF (8505C);
HTh7 cells have also Akt copy gain. The use of cell lines
with RAS mutation and Akt copy gain allows us to
carry on studies in the context of an Akt constitutive ac-
tivation that is commonly found in more advanced can-
cer stage and in more aggressive tumor histotypes, but
also the cell line harbouring the BRAF mutation is func-
tional to our investigation since some undifferentiated
cancers derive from papillary thyroid tumors and have
been shown to maintain the BRAF mutation.
We tested these cell lines for sensitivity to TRAIL-in-
duced-apoptosis and 3 out of them, C643, CAL62 and
HTh7, were found to be sensitive and one, 8505C,
highly resistant even to the highest dose of the drug
(100 ng/ml) (Pilli et al 2010).
In order to increase the sensitivity of these cell lines to
TRAIL-induced apoptosis, we have combined TRAIL
treatment with some Akt/mTOR (perifosine and
everolimus) and/or MEK inhibitors (PD-0325901). 
Surprisingly we have found that all the inhibitors,
alone or in combination, had an antagonistic effect on
TRAIL-induced apoptosis in C643 cells while in 8505C
cells they did not show any significant addictive effect
or synergy (Pilli et al 2010).
One of the mechanisms underlying this effect in C643
cells might be the induction of autophagy since both
perifosine and everolimus are well known to be able to
elicit this process. Indeed, we have demonstrate, that
the expression of LC3-II, a protein required for the au-
tophagosomes formation, upon TRAIL treatment was
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significantly enhanced when these inhibitors are used
in combination with it. Moreover, when C643 cells
were treated with TRAIL plus the inhibitors in combi-
nation with chloroquine, an inhibitor of autophagy,
their antagonistic effect was less strong (Pilli et al
2010).
On the other hand, upon IG20 knockdown, in C643
cells we were able to induce the same percentage of
apoptosis using 50 ng/ml of TRAIL as compared to 100
ng/ml of the drug alone. In 8505C cells that are highly
resistant to TRAIL the sensitivity to this drug improved
significantly (Pilli et al 2010).
In summary, our data show that TRAIL alone might be
sufficient to induce apoptosis in certain thyroid cancer
cells, while in TRAIL resistant thyroid cancer cells, it
should be used, in conjunction with down-modulation
of IG20/MADD expression or phosphorylation to effec-
tively induce apoptosis.  
Moreover, since TRAIL treatment and down modula-
tion of IG20/MADD expression or phosphorylation can
selectively induce apoptosis primarily in cancer cells
and not normal cells, combining these modalities of
apoptosis induction might be a highly effective strategy
to treat thyroid cancer.
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INTRODUCTION
Oxidative stress is a condition that is associated with
an imbalance between the production and the removal
of reactive species and free radicals by antioxidants. 
Reactive oxygen species (ROS) are normal products of
cellular metabolism and they play a functional role in
many cell types. When ROS are produced at a very low
concentration, they trigger cell signaling events and
regulate physiological function [1, 2].
Sperm were the first type of cell reported to generate
free radicals [3]; low level production of ROS by sperm
supports some main functions, such as capacitation,
acrosome reaction, zona pellucida binding and oocyte
fusion [4]. Nevertheless, uncontrolled ROS production
can play an important role in causing sperm aberration,
leading to infertility. Oxidative stress has been sug-
gested to be an important factor in the aetiology of poor
sperm function through peroxidative damage to the cell
membrane, to DNA (inducing single- and double-
strand DNA breaks) and to proteins [5-7] and an excess
of ROS and free radical generation has frequently been
detected in the seminal plasma and the sperm of infer-
tile men [8-10].
Seminal plasma and sperm are endowed with an array
of protective antioxidants, such as the glutathione per-
oxidase/reductase system, superoxide dismutase, cata-
lase and low-molecular weight antioxidants, vitamin

E, vitamin C, urate, and albumin, which scavenge ROS
in order to prevent possible cellular damage [11]. One
of the rational strategies for counteracting oxidative
stress is to increase the scavenging capacity of seminal
plasma. 
The use of antioxidant supplementation to reverse the
effect of ROS is still being debated [2, 12]. Exogenous
antioxidants are substances introduced through the
diet; the most important are vitamin E, vitamin C, beta
carotene, coenzyme Q10, flavonoids.
Flavonoids are secondary plant metabolites and, dur-
ing the last decades, have been under extensive inves-
tigation because of their claimed antioxidant,
anti-inflammatory, antiallergic, antidiabetic, cardio, he-
patio- and gastroprotective, antiviral and antineoplastic
properties [13].
Among flavonoids we focused on quercetin (Q) and
rutin (R). Q, a reddish pigment, is found in many dif-
ferent foods, including in the pigments of the apple
skins, in red wine and in red onions. Q has been
largely investigated for its free radical scavenging and
metal chelating abilities [14-16]. Particularly, the pres-
ence of three hydroxyl groups makes the compound a
potential free radical scavenger and/or antioxidant. R
is the glycoside of Q with 3-hydroxyl group blocked
by a rutinoside group [17-18]; it is a bioflavonoid,
abundantly present in onions, apples, tea and red wine
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Abstract. Quercetin (Q) and rutin (R) are two natural flavonoids with antioxidant properties. We evaluated the toxicity of
Q and R at 20μM, 30μM, 50μM, 100μM, 200μM, 400μM in swim up selected human sperm. The antioxidant activity (Q and
R 20μM and 30μM) was tested on lipid peroxidation (LPO) induced by tert-butylhydroperoxide in human sperm. LPO was
evaluated using the C11-BODIPY581/591 probe and sperm structural damages were assessed by transmission electron mi-
croscopy in samples incubated with and without Q and R. A significant dose dependent toxic effect was observed for both
compounds on sperm viability (Q and R: r= -0.98 P<0.001), on sperm progressive motility (Q: r=-0.98, R: r=-0.97; P<0.001),
and on non progressive motility (Q; r=-0.58, P<0.01; R: r=-0.50, P<0.05). Both flavonoids, used at 20μM and 30μM, showed
antioxidant properties on LPO induced in human sperm and a general protective effect against ultrastructural damages of
LPO. In conclusion, we observed that Q exhibited a little higher toxicity than R; on the other hand R is little low protective
on induced LPO. Our preliminary results demonstrated the scavenger properties of these flavonoids in vitro on human sperm. 
Keywords: human sperm, lipid peroxidation, quercetin, rutin, TEM.



[19]. A wide variety of biological activities of R, in-
cluding antioxidant, has been reported [20].
The aim of this study was to investigate the antioxidant
properties of Q and R against lipid peroxidation (LPO)
induced in human ejaculated sperm by tert-butylhy-
droperoxide (TBHP). Furthermore, the possible cito-
toxicity of these compounds on sperm motility and
viability was explored.

MATERIALS AND METHODS

Semen analysis
Semen samples were obtained from men recruited at
the Interdepartmental Centre for Research and Therapy
of Male Infertility, University of Siena. Semen samples
were collected by masturbation after 3–5 days of sexual
abstinence and examined after liquefaction for 30 min
at 37 °C. Volume, pH, concentration and motility were
evaluated according to World Health Organization [21]
guidelines. Patients were informed of and gave written
consent for the procedures related to the study.

Sperm selection: swim-up
Motile sperm fraction was selected by the swim-up
technique. A direct swim-up of sperm from semen was
performed: 1ml of each semen sample was placed in a
sterile conical centrifuge tube and gently layered with
1.2 ml of Quinn’s® Sperm Washing Medium (Sage, In
vitro fertilization, Inc., Trumbull, CT, USA). The tubes,
inclined at an angle of 45°, were incubated for 45 min
at 37°C with 5% CO

2
. The upper most 1ml of medium

was then recovered, which contained highly motile
sperm cells.

Q and R preparation 
Q and R were purchased from Sigma–Aldrich Chemie
GmbH (Buchs, Switzerland) and used without further
purification. Stock solutions of Q and R at 400 µM
were prepared by dissolving these compounds in Big-
gers Whitten Whittingham (BWW; WHO, 2010). Little
amount of 0.1 M NaOH solution were added to help
dissolve each solution. The stock solutions were stored
at -20 °C. 

Determination of sperm viability and motility after Q
and R treatment
The swim-up selected sperm were added to 20µM,
30µM, 50µM, 100µM, 200µM, 400µM of Q and R stock
solutions diluted in BWW medium. Mixtures were in-
cubated at 37 °C and 5% CO

2 
for 1 h. The sperm were

stained with 0.5% Eosin Y (CI 45380) in 0.9% aqueous
sodium chloride solution and observed by light micro-
scope (Leica, Wetzlar, Germany). Stained (dead) cells
and unstained (viable) cells were scored. Sperm motil-
ity was evaluated in swim-up selected sperm incu-
bated with Q and R, using a Burker counting chamber
and categorizing them by the different grades of motil-
ity (progressive motility, non progressive motility, and
immotile sperm, [21]). 
Aliquots of sperm devoid of Q and R and treated in the

same conditions were used as the controls. 
All experiments were carried out in triplicate and the
results are reported as mean values and standard devi-
ations.

LPO induction and Q/ R treatment
Selected human sperm were incubated with 5µM of a
fluorescent fatty acid probe, 4,4-difluoro-5-(4-phenyl-
1,3-butadienyl)-4-bora-3a,4-adiaza-s-indacene-3-un-
decanoic acid (C11-BODIPY581/591, Molecular
Probes, Eugene, USA) at 37 °C for 30 min. 
Excess probe was removed by washing the cells twice
with BWW medium for 10 min. C11-BODIPY581/591
is able to intercalate in the phospholipid bilayer. The
intact probe fluoresces red when it is intercalated into
the membrane (λ excitation = 590 and λ emission = 635
nm) and shifts to green (λ excitation = 485 and λ emis-
sion = 535 nm) after oxidative radicals attack.
After incubation with this probe, each sample was then
divided into aliquots as follows: sperm treated with
TBHP (45µM) and Q (20µM and 30µM) or R (20µM
and 30µM) and sperm treated with TBHP without Q/R.
Aliquots were incubated at 37°C and 5% CO

2
for 1 h.

The staining was examined by Leitz Aristoplan Micro-
scope fluorescence (Leica, Wetzlar, Germany). Images
were acquired using Leica Q Fluoro Standard, Leica
Chantal software. The presence of the green signal, a
marker of LPO, was estimated in two degrees: high
and low fluorescence. For each sperm sample 300 cells
were examined. All experiments were carried out in
triplicate and the results are reported as mean values
and standard deviations.

Transmission electron microscopy (TEM)
Human sperm treated with TBHP and Q (20µM and
30µM) or R (20µM and 30µM) and with TBHP without
Q or R were processed for TEM. Sperm samples were
fixed in cold Karnovsky fixative and maintained at 4
◦C for 2 h and then washed in 0.1 mol/l cacodylate
buffer (pH 7.2) for 12 h, postfixed in 1% buffered os-
mium tetroxide for 1 h at 4 °C, dehydrated and embed-
ded in Epon Araldite. Ultra-thin sections were cut with
a Supernova ultramicrotome (Reickert Jung, Vienna,
Austria), mounted on copper grids, stained with uranyl
acetate and lead citrate and observed and pho-
tographed with a Philips EM208 transmission electron
microscope (TEM; Philips Scientifics, Eindhoven, The
Netherlands). A minimum of 300 sperm sections were
analysed for each sample and the anomalies related to
the acrosome (reacted, swollen), the chromatin (dis-
rupted), the axoneme (disorganized) and the plasma
membrane (broken) were quantified. These experi-
ment were performed in triplicate.

Statistical analysis
The correlations between Q and R concentrations and
the sperm viability and motility percentages were eval-
uated by Spearman correlation coefficient (r). A P<0.05
(two-tailed) was considered statistically significant. All
analyses were performed using the SPSS statistical
software ver.16 (SPSS Inc., Chicago, Illinois, USA).

23

ARTICLES



RESULTS

Determination of sperm viability and motility after Q
and R treatment
The percentages of viable sperm incubated with differ-
ent concentrations of Q and R are reported in Figure 1. 

A significant dose dependent effect on sperm viability
was observed for all the assayed compounds: the via-
bility decreased significantly at the increase of Q (r=-
0.98, P<0.001) and R (r=-0.98, P<0.001) concentrations.
In general, Q showed a toxic effect on sperm viability
higher than that exerted by R.
In addition to viability, the effects of the different con-
centrations of Q and R on the progressive and non pro-
gressive motility of swim-up selected sperm were
explored. Both flavonoids showed a dose dependent
effect on sperm motility (Figure 2a, b). In particular,
the percentage of sperm with progressive motility sig-
nificantly decreased with the increase of Q (r=-0.98,
P<0.001) and R (r=-0.97, P<0.001) concentrations (Fig-
ure 2a). At the same concentrations (≥ 50 µM) of used
compounds, samples treated with Q showed decreased
progressive motility than those incubated with R.

Figure 1. Mean of the percentages of viable human sperm
treated with Q and R at different concentrations.

CTR = controls, same conditions without flavonoid
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Figure 2 (a-b). Mean of the percentages of progressive (a) and non progressive (b) motility (WHO, 2010) of human sperm treated
with Q and R at different concentrations. CTR = controls, same conditions without flavonoid

A dose dependent effect between the percentage of
sperm with non progressive motility and the consid-
ered compounds was also observed (Figure 2b): the
percentage of sperm with non progressive motility sig-
nificantly decreased with the increase of Q (r=-0.58,
P<0.01) and R (r=-0.50, P<0.05) concentrations.

Effect of Q and R on induced LPO
In human sperm LPO was induced by 45μM TBPH in-
cubation; the effects of this treatment and of the scav-
enging power of Q and R were highlighted with the
C11-BODIPY581/591 probe and TEM. For these exper-
iments we used the concentrations that did not com-
promise sperm motility and viability:  20μM and 30μM
of Q and R.

Detection with C11-BODIPY581/591 probe
In human sperm, the localization of LPO was not
equally distributed over the sperm membrane, but oc-
curred mainly in the mid-piece region. The percentages
of sperm with high intensity fluorescence (Figure 3),
the marker of LPO, were significantly lower in samples
treated with Q and R (Figures 4 B, C, E, F) compared
to that observed in samples without Q and R (Figures
4 A, D).

Detection of ultrastructural characteristics by TEM
Ultrastructural characteristics of sperm samples treated
with TBHP, both with and without Q and R, were
analysed by TEM. The percentages of the most frequent
alterations of the acrosome, chromatin, axoneme and
plasma membrane observed in these specimens are re-
ported in Figure 5.
The vast majority of sperm treated with TBHP showed
broken plasma membranes, reacted or swollen acro-
somes, disrupted chromatin and tails with disorgan-
ized axoneme (Figure 6 A). 
Both Q and R showed a general protective effect
against ultrastructural damages induced by LPO (Fig-
ures 6 B - E). However, Q exhibited a greater protective
action than R particularly evident at acrosomal and
plasma membrane level (Figures 6 B, C).

R

Q



DISCUSSION
It is known that oxidative stress is a pathology de-
tected in approximately half of all infertile men [2]
which occurs when the complex of natural antioxi-
dant defenses is jeopardized due to excessive ROS
production. In the past decade, the interest in the
bioactivities of flavonoids, mainly the antioxidant
activity, on human health has been increased. As re-
gards the reproductive field, whereas Q has been
demonstrated to play a beneficial effect in male sys-
tem of animal models exposed to oxidative stress
[22-25], the possible antioxidant properties of R are
still unexplored as well as the study performed in
human semen samples.
In this paper we focused our attention on antioxi-
dant effect of Q and R on LPO induced in vitro in a
selected motile human sperm population. First of
all, the potential cytotoxic effects of Q and R were
investigated in order to choose appropriated Q and
R concentrations (20µM and 30µM) to be used as
antioxidant and able to preserve sperm motility and
viability. We demonstrated that both compounds
showed a protective and ROS scavenging actions in
sperm cells incubated with TBHP, inductor of LPO.
In particular, Q showed a double faced action; on
one hand it showed increased toxicity on sperm
motility and viability than its glycoside R, on the
other hand the antioxidant activity is little stronger
than that exhibited by R and it was evident by both
fluorescence analysis and TEM examination. A sim-
ilar behavior of Q on sperm viability and motility
was observed also by Khanduja et al. [26] which
hypothesized an interaction between Q and a Ca2+-
ATPase, a key enzyme involved in the regulation of
sperm motility. The little different activities of the
two flavonoids on sperm motility, viability and an-
tioxidant properties, could be explained by the dif-
ferent chemical structure of the two considered
molecules. R shows the 3-hydroxyl group replaced
with rutinose, a disaccharide consisting of glucose
and rhamnose, which would decrease the capacity
of R to penetrate through the plasma membrane; for
this reason R appeared to be less harmful for sperm
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Figure 3. Means and standard deviation in the percentages
of human sperm with a high level fluorescence (C11-BOD-

IPY581/591 probe) indicating LPO induced by TBHP.
Human sperm were treated with TBHP and Q20 or Q30 or

R20 or R30 and with TBHP only.

Figure 4. (A-F) Ultraviolet micrographs of human sperm
treated with TBHP without Q/R (A/D) and TBHP with Q/R.

C11-BODIPY581/591 probe was used to highlight LPO.
Sperm incubated with TBHP (A, D). Sperm treated with

TBHP+Q20 (B), TBHP+Q30 (C), TBHP+R20 (E) e
TBHP+R30 (F). Bar=5µm.

Figure 5. Mean and standard deviation of the percentages of the most frequent alterations of acrosome, chromatin, axoneme,
plasma membrane observed by TEM in human sperm treated with TBHP with and without Q/R (20μM - 30µM).



viability and motility. The results of various in vitro
and in vivo investigations strongly suggest a structure-
activity relationship in the ability of flavonoids to act
as antioxidants [27].

CONCLUSION
In conclusion, our results, although preliminary, sup-
port the evidence of the protective and antioxidant ac-
tion of Q and R on human sperm cells incubated with
TBHP. The development of new sperm culture media
that can better protect sperm from ROS damage is re-
quired [2, 28, 29] and Q and R might be used as a ROS
scavenger in such media, particularly in those used for
mechanical techniques, such as IVF-ICSI or for cryop-
reservation of semen, in which oxidative stress is ex-
acerbated. These studies obviously cannot be
extrapolated to in vivo outcome, since the effect of Q
and R supplementation on male infertility has not yet
been explored. To translate such findings into clinical
reality, studies on the potential toxicity, pharmacoki-
netics and bioavailability of Q/R in humans, followed
by interventional clinical trials, are clearly needed.
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Figure 4 (A-E). TEM micrographs of human sperm treated
with TBHP without Q/R and TBHP with Q/R. (A) Sperm in-
cubated with TBHP; (B) Sperm incubated with TBHP+Q20;
(C) Sperm incubated with TBHP+Q30; (D) Sperm incubated
with TBHP+R20; (E) Sperm incubated with TBHP+R30. A:

normal acrosome; aA: absent acrosome; alA: altered acrosome;
sA: swollen acrosome; N: nucleus; CR: cytoplasmic residue;
arrow: broken membrane. Bars: A,D=1µm; B,C,E=3µm.
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INTRODUCTION
The fast growing of nanotechnology led to an increased
of the industrial production of nanoparticles (NPs).
They have dimensions below 100 nm and they seem to
have different physical and chemical properties from
their bulk materials. Their use have been proposed for
industrial and biomedical applications. NPs are attrac-
tive for medical purposes for their important and
unique features, such as their surface to mass ratio that
is much larger than that of other particles, their quan-
tum properties and their ability to adsorb and carry
other compounds [1]. 
However, despite the wide application of nanomateri-
als, there is a serious lack of information concerning
the impact of NPs on human health and on the envi-
ronment. 
Our interest was focussed on the reproductive field
where studies on the effects of NPs on ejaculated sperm

are rather limited. 
Wiwanitkit et al. [2] showed that sperm motility was
affected when human spermatozoa were incubated
with gold NPs, which were also able to penetrate in
the sperm head and tail.
On the other hand, Makhluf et al. [3] demonstrated
that the motility and the ability to undergo the acro-
some reaction of bovine spermatozoa were not affected
by the presence of the magnetite NPs. The same group
proved that magnetite NPs conjugated to anti-protein
kinase C (PKC) antibody can be utilised for PKC lo-
calization and inhibition of its function in sperm cells
[4]. 
Although in vivo testing will continue to provide the
most relevant information on human hazards, there is
an economic and ethical impetus to minimize the bur-
den of animal testing for rapid and validated alterna-
tive models of in vitro cytotoxicity [5].
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Abstract. Silver (Ag) NPs are among the most commercialized NPs due to their antimicrobial potential. They are highly at-
tractive for possible applications in manufacture of medical device. However there is a serious lack of information concerning
their impact on the human health and the environment. Moreover studies on the effects of NPs on ejaculated sperm are rather
limited. For these reasons our study explored the in vitro effects of Ag NPs on human ejaculated spermatozoa.
Ag NPs have been produced, characterized, and furnished by Colorobbia Industry, Sovigliana (Vinci, Florence, Italy). Aliquots
of total semen were incubated at 37°C for 60 minutes (min) and 120 min at the concentration of 125 μM, 250 μM, and 500
μM of engineered Ag NPs. The control was represented by specimens of semen samples treated with the same procedure
without NPs. After the incubations, sperm motility was evaluated following WHO guidelines and sperm viability was eval-
uated by Eosin Y test. At the end of incubation with Ag NPs the samples were processed by a Field Emission Gun-based
Scanning Transmition Electron Microscope/ Energy Dispertion Spectrometry (STEM/EDS).
We observed that sperm motility percentage was significantly reduced in semen samples treated with 125 µM, 250 µM and
500 µM of Ag NPs after 60 min and 120 min of incubation respect to controls (P<0.001; P<0.01, 125 µM at 60 min). Sperm
viability percentage significantly decreased in a progressive manner after 125 µM (P<0.05), 250 µM (P<0.05) and 500 µM
(P<0.001) Ag NPs incubation at 60 min and 120 min. We did not find any significant difference between the values assessed
after 60 min of NPs incubation and those estimated after 120 min of incubation. In the control samples, the sperm motility
and the sperm viability percentages significantly decreased after 120 min of incubation (P<0.001) respect to the basal values.
Ag NPs were undetectable in all treated samples by STEM/EDS.
These in vitro results show a decline in sperm motility and viability in even at the lowest concentration used and the cytotoxic
effect occurs in a dose dependent manner. It is noteworthy that in each experiment, for each concentration of NPs used, the
percentage of sperm viability was always higher than the percentage of sperm motility; it means that spermatozoa were viable
but immotile. Moreover Ag NPs was undetectable in all the treated samples by STEM/EDS analysis. We may hypothesize
that Ag NPs, under aqueous conditions, release Ag+  that could damage sperm membrane and/or penetrate inside the cells
and interfere with disulphide bonds of proteins of the periassonemal structures of the sperm tail.
Keywords: silver nanoparticles, human sperm, sperm motility, sperm viability.
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FEG-STEM/EDS
Human ejaculated sperm samples were incubated with
Ag NPs and then fixed in cold Karnovsky fixative and
maintained at 4°C for 2 h. Fixed specimens were
washed in 0.1 mol/l cacodylate buffer (pH 7.2) for 12
h, postfixed in 1% buffered osmium tetroxide for 1h at
4°C, then dehydrated and embedded in Epon Araldite.
Ultra-thin sections were cut with a Supernova ultrami-
crotome (Reickert Jung, Vienna, Austria), mounted on
nickel grids. The samples were then observed with the
STEM/EDS available at Colorobbia Industry (So-
vigliana Vinci, Florence).

Statistical analysis
The data are reported as median and interquartile dif-
ference (75° - 25°). In the control group, the compar-
isons between the values of basal semen and values
after 60 min and 120 min incubation were analysed by
Friedman test for repeated measures. When a statisti-
cally significant difference was found, the Dunn’s mul-
tiple comparison test was used between pairs of
groups. The comparisons between the values of sperm
motility and viability percentage in control group and
after Ag NPs treatment at 60 min and 120 min were
analysed with the statistical methods previously de-
scribed. A P value <0.05 (two-tailed) was considered
statistically significant. All analyses were performed
by GraphPad Software Inc. version 5.00 for Windows. 

RESULTS
The analysed human semen samples were examined
by optical microscopy and classified according to WHO
guidelines: the concentration, measured as sperm/ml,
ranged from 75x106 to 196 x106 (> 10 < 50 centile) the
motility from 42% to 67% (> 5 < 75 centile), the sperm
normal morphology from 28% to 32% (> 75 < 90 cen-
tile) and the viability from 65% to 88% (> 10 ≤ 90 cen-
tile).
Sperm aliquots of total semen and separated sperma-
tozoa were incubated for 60 min and 120 min with 125
µM, 250 µM, and 500 µM of Ag NPs. Aliquots treated
under the same conditions without NPs were used as
controls. After incubation, the sperm motility and the
sperm viability were evaluated in all samples and the
obtained values are reported in Table I.
In the control samples, the sperm motility and the
sperm viability percentages significantly decreased
after 120 min of incubation (P<0.001) respect to the
basal values. 
The sperm motility percentage was significantly re-
duced in semen samples treated with 125 µM, 250 µM,
and 500 µM of Ag NPs after 60 min and 120 min of in-
cubation respect to controls (P<0.001; P<0.01, 125 µM
at 60 min). 
Sperm viability percentage significantly decreased in a
progressive manner after 125 µM (P<0.05), 250 µM
(P<0.05) and 500 µM (P<0.001) Ag NPs incubation at
60 and 120 min.
We did not find any significant difference between the
values evaluated after 60 min of NPs incubation and
those estimated after 120 min of incubation.

For these reasons our study explored the in vitro effects
of silver (Ag) NPs on human ejaculated spermatozoa.

MATERIALS AND METHODS

Ag NPs characterization
The Ag NPs suspension was prepared by a polyol-me-
diated synthesis with bottom up approach using an
organometallic precursor of Ag. This procedure enables
to obtain metal NPs dispersion in an organic medium
or in water by means a rapid nucleation of metallic
salts. The procedure involves an initial phase in which
reagents were added in high-temperature environment
of reaction containing a solvent, such as glycolic sol-
vent medium, with a high capacity for complexing. The
next step concerns the crystal growth stage performed
by mixing the reagents including tensioactives such as
polyvinilpyrrolidone (PVP), at room temperature. The
monitoring of the kinetic of reaction and the choice of
solvents and complexing agents can control the size
and shape of synthesized NPs. The obtained nano-sus-
pensions were stable for long periods of time (more
than one year) without showing evident phenomena
of aggregation of NPs and changes in chemical charac-
teristics.
The morphology and the hydrodynamic dimension of
NPs have been determined with Field Emission Gun-
based Scanning Transmition Electron Microscope/ En-
ergy Dispertion Spectrometry (FEG-STEM/EDS,
model Supra 40 by Zeiss Oberkoken, Germany) avail-
able at Colorobbia Industry (Montelupo Fiorentino,
Florence) and with Dynamic Light Scattering, Nano-S
model by Malvern.
The size of used Ag NPs was 65nm. The concentration
of Ag NPs stock solution was 1% in distilled H

2
O. PVP

(<1%) was the stabilizing agent.

Human semen samples
Semen samples were obtained from 10 healthy donors
recruited at the Interdepartmental Centre for Research
and Therapy of Male Infertility, University of Siena. All
participants in this study signed a written informed
consent. Semen samples were collected by masturba-
tion after 3-5 days of sexual abstinence and examined
after liquefaction for 30 min at 37°C. Volume, pH, con-
centration, motility, and morphology were evaluated
according to WHO guidelines [6]. Sperm viability was
evaluated by Eosin Y test.

Experimental design
For each sample, aliquots of total semen were incu-
bated at 37°C for 60 min and 120 min at the concentra-
tion of 125 μM, 250 μM and 500 μM of Ag NPs. The
control was represented by specimens of semen sam-
ples treated with the same procedure without NPs. The
experiments were repeated ten times. In each aliquots
sperm motility and viability were evaluated. At the
end of incubation the samples were processed for
STEM/EDS.
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ticular at very high concentrations (250 µM -500 µM)
that are probably difficult to reach in vivo; in addition
the possible genotoxicity of Ag NPs cannot be excluded
and urge to be explored.
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Table1.
The medians and in-
terquartiles differences
of sperm motility per-
centage and viability
percentage measured
at 60 min and 120
min after incubation
with 125 μM, 250 μM
and 500 μM Ag NPs.
The experiments were
repeated in 10 differ-
ent semen samples.

Ag NPs were undetectable in all samples by
STEM/EDS.

DISCUSSION
Ag NPs are among the most commercialized NPs due
to their antimicrobial potential. Therefore they are
highly attractive for possible applications in manufac-
ture of medical device [7; 8]. One of the most interest-
ing potential usage is related to the ability of Ag NPs
to bind to HIV-1, preventing the infection of host cells
[9]. Thus it is important to test the safety, the
bioavaibility, the biocompatibility of Ag NPs, and con-
sequently their possible cytotoxicity. In order to ac-
quire insights on the Ag NPs in vitro effects, we used
highly differentiated cells as ejaculated human sper-
matozoa.
The period of incubation (60 min and 120 min) with
Ag NPs did not significantly influence the sperm motil-
ity and viability. Regarding the concentrations (125
µM, 250 µM, 500 µM) we observed a decline in sperm
motility and viability even at the lowest concentration
used, and the cytotoxic effect occurs in a dose depend-
ent manner.
It is noteworthy that in each experiment, for each con-
centration of Ag NPs used, the percentage of sperm vi-
ability was always higher than the percentage of sperm
motility; it means the spermatozoa were viable but im-
motile. For this reason it is possible to hypothesize that
Ag NPs could interfere with membrane receptors or
cell signaling involved in motility maintenance. At this
purpose Braydich-Stolle et al. [10] demonstrated that
Ag NPs at a concentration ≥ 10µg/ml induced a signifi-
cant decline in spermatogonia stem cells proliferation,
disrupting GDNF/Fyn kinase signaling. Moreover our
results show that Ag NPs was undetectable in all the
treated samples by STEM/EDS analysis. We may hy-
pothesize that Ag NPs, under aqueous conditions, re-
lease Ag+ [11] that could damage sperm membrane
and/or penetrate inside the cells and interfere with
disulphide bonds of proteins of the periassonemal
structures of the sperm tail.
In conclusion, the toxicity of Ag NPs is evident in par-



INTRODUCTION
Oxidative stress (OS) is one of the main mechanism in-
volved in the pathogenesis of many diseases of new-
born. A physiological oxidative stress occurs at birth
in all newborns as consequence of the hyperoxic chal-
lenge due to the transition from the hypoxic intrauter-
ine environment to extrauterine life.
In preterm babies low efficient antioxidant systems are
not able to counteract the harmful effects of reactive
oxygen species, leading to free radicals disease of new-
borns involving serious cellular, tissue and organ dam-
ages (kidney, retina, lung and bowel injury) (1). 
Necrotizing enterocolitis (NEC) is a gastrointestinal
surgical emergency in premature low birth-weight
neonates (2). The overall incidence is 1–5 per 1000 live
births, dramatically increasing to 100 per 1000 in very
low birth weight and to 200 per 1000 in extremely low
birth weight infants. Death occurs in 25–30% with 25–
50% of survivors requiring surgical intervention to re-
move affected intestinal sections (3).
The etiology of NEC is multifactorial: ischemia, bacte-
ria, cytokines, enteral feeding and oxidative stress may

contribute to the disruption of the protective gut bar-
rier, even if pathogenesis is currently unclear. 
In particular, a potential link between reactive oxygen
species (ROS) produced by ischemia-reperfusion in-
jury to the premature gut and the development of NEC
has been described (4-6). 
In our study we measured levels of OS biomarkers in
cord blood of preterm babies in order to correlate peri-
natal OS with NEC. This study tests the hypothesis
that OS biomarkers levels in cord blood may predict
the onset of NEC in high risk infants.

MATERIALS AND METHODS

Patients
Ninety-one preterm newborns of gestational age be-
tween 24 and 33 weeks and birth weight between 460
and 2540 grams (g) were consecutively recruited from
2 italian neonatal intensive care units: Siena and Milan
(for more details see Table 1). 
Inclusion criteria were at least one of the following:
gestational age less than 34 weeks and birth weight
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Abstract. Introduction: Oxidative stress (OS) is strongly envolved in the pathogenesis of many preterm newborn diseases;
this is due to the low efficiency of natural antioxidant systems unable to counteract the harmful effects of free radicals (FRs).
Necrotizing Enterocolitis (NEC) is a multifactorial disease and it is part of the so called “free radicals related diseases”. Hy-
poxic-ischaemic events and inflammation, involved in NEC pathogenesis, are responsible of the overproduction of free radicals
(FRs), generating OS. 
Aim: To test the hypotesis that OS marker levels in cord blood may predict the onset of NEC in high risk infants. 
Materials and methods: 91 preterm newborns of gestational age between 24 and 33 weeks and birth weight between 460
and 2540 grams were consecutively recruited in two italian neonatal intensive care units. Markers of potential oxidative
stress risk, Non Protein Bound Iron (NPBI), and free radicals damage, Advanced Oxidation Protein Products (AOPP) and
Total Hydroperoxide (TH), were measured in the cord blood. Associations between NEC and OS markers have been checked
through inferential analysis (univariate logistic regression).
Results: Out of 91 preterm babies, 8 developed NEC. Babies with NEC had a birth weight (BW) and a gestational age (GA)
significantly lower than healthy babies (BW=1100,52 ± 444,30 vs 1320,53 ± 462,09; GA=29,02 ± 2,09 vs 30,14 ± 2,33, respec-
tively. p<0.005).
Cord blood levels of TH and NPBI were higher in babies with NEC than in babies without, but not significantly. AOPP cord
blood levels were significantly higher in babies with NEC than the babies without (AOPP=29,15 ± 20,02 vs 16,72 ± 7,34;
p<0.05). AOPP demonstrated a significant value for the identification of the risk of NEC (OR=1.13, CI 95%= 1.001-1.282).
Conclusions: OS is strongly associated with NEC. The determination of biochemical OS markers in cord blood can be useful
in identifying babies at high risk to develop NEC and in devising new strategies to bring consistent benefits to premature
babies.
Keywords: oxidative stress, necrotizing enterocolitis, free radicals, preterm babies.



less than 2600 g.
Newborns with major congenital malformations, in-
born errors of metabolism and blood group incompat-
ibility were excluded from the study. 
The diagnosis of NEC was based on clinical and radi-
ological findings.
Clinical symptoms and findings such as  increased
episodes of apnea and desaturation, bradycardia,
lethargy, temperature instability, feeding intolerance,
vomiting, increased gastric residual volume (> 20%),
bilious or bloody gastric aspirate, decreased bowel
sounds, bloody stools, abdominal distension and ten-
derness, and abdominal wall skin color changes were
evaluated. Infant with two or more of these symp-
toms/findings were subjected to laboratory and radi-
ographic evaluations.
Radiographic abnormalities enclosed air-fluid levels,
dilated and gas-filled loops of bowel and thickened
bowel walls, pneumatosis intestinalis, portal venous
gas, ascites and pneumoperitoneum. A complete blood
count, blood smear, levels of IL-6 and C-reactive pro-
tein, serum electrolytes, serum urea nitrogen, creati-
nine, liver function tests, urinalysis and blood cultures
were tested. 
The occurrence of NEC was diagnosed according to

modified Bell criteria (7,8).

Methods
Heparinized blood samples were
drawn from the umbilical vein
after cord clamping immediately
after delivery. Complete blood cell
count and gas analysis were per-
formed. Blood samples were
stored up at -80 °C and afterwards
analyzed.
Marker of OS potential risk, Non
Protein Bound Iron (NPBI
[µmol/L]) and markers of OS-
linked damage: Total Hydroperox-
ides (TH [UCARR/L]) and
Advanced Oxidation Protein Prod-
ucts (AOPP [µmol/L]) were as-
sessed. 
Blood gas analysis was performed
with a Radiometer ABL 505
analyser (Radiometer, Copen-
hagen, Denmark) immediately
after blood sampling. The blood
was centrifuged and plasma and
buffy coats were removed. NPBI
plasma levels were detected using
the method described by Paffetti
and colleagues (9). TH production
was measured with the d-ROMs
Kit (Diacron Srl, Grosseto, Italy)
(10) and AOPP were measured as
described by Witko-Sarsat and 4
colleagues using spectrophotome-
try on a microplate reader (11). 

Statistical analysis
Associations between NEC presence/absence and the
OS markers were analyzed first through descriptive
and then inferential analysis. Summary statistics of
data were expressed as mean ± standard deviation
(SD), minimum and maximum for descriptive analysis
of continuous variables, whereas for categorical vari-
ables were reported absolute frequencies. 
Logistic univariate regression was chosen as inferential
analysis and it was inquired the relation between the
presence/absence of NEC as a dependent variable, and
each OS marker as an independent variable. Through
the logistic model it is possible to calculate estimated
coefficients (B), standard error (S.E.), Wald statistic,
Significance (P) and exponential or odds ratio Exp(B)
with the relative confidence interval (95% CI). A p-
value less than 0.05 was considered significant. The
above tests were performed using the SPSS V.16 for
Windows statistical package (SPSS Inc, Chicago, IL,
USA).

RESULTS
Our study population, consisting in 91 infants, had a
gestational age (GA) of 24-33 weeks (30,12 ± 1.16)
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with the following percentage distribution: 54,33% be-
tween 27-30 weeks, 34,52% between 31-33 weeks,
11,06 % between 24-26 weeks. The birth weight (BW)
was between 460-2540 g (1124,73 ± 251,01) with the
following percentage distribution: 1,16% less than or
equal to 500 gr, 7,10% between 501-750 g, 24,56% be-
tween 751-1000 g, 67,18% more or equal 1001 g. 
Out of 91 preterm babies, 8 developed NEC (all
stages). Babies with NEC had BW and GA significantly
lower than healthy babies (BW=1100,52 ± 444,30 vs
1320,53 ± 462,09; GA=29,02 ± 2,09 vs 30,14 ± 2,33, re-
spectively. p<0.005).
Cord blood levels of TH and NPBI were higher in ba-
bies with NEC than in babies without, but not signifi-
cantly (Table 2).
AOPP cord blood levels were significantly higher in
babies with NEC than the babies without
(AOPP=29,15 ± 20,02 vs 16,72 ± 7,34; p<0.05) (Fig. 1). 

The inferential analysis showed that the development
of NEC is significantly associated to the presence of
high AOPP values in cord blood (OR=1.13, CI 95%=
1.001-1.282) (Table 3).

Fig.1. Mean AOPP vs presence/absence of NEC

DISCUSSION
The relationships between FRs production and tissue
damage are very complex in perinatal period. FRs are
produced by various mechanisms such as Fenton reac-
tion, purine and mithocondrial metabolism, phagocytic
activation during inflammatory or hypoxic-ischemic
processes. Toxic molecules produced by these different
mechanisms are involved in the pathogenesis of some
newborn diseases. Previous studies demonstrated that
excessive FRs production is largely responsible of cel-
lular, tissue and organ damage (12,13). 
When OS occurs in intrauterine life, it may represent a
risk factor for the development of neonatal pathologies.
(1) 
NEC is due to a wide range of mechanisms, such as in-
flammation, oxidative stress and activation of apoptotic
signaling in intestinal epithelial cells during perinatal
injury. Reactive oxygen species (ROS), generated as a
result of ischemia-reperfusion injury to the gut, have
been linked to the development of NEC in premature
infants (14,15). Cytokines are also thought to play a
role in ROS generation, contributing to severe gut in-
flammation and injury during NEC caused by the ex-
aggerated inflammatory responses by the premature
immune system (16,17).
Preterm infants are more susceptible to OS damage
than term infants due to organs’ structural and func-
tional immaturity, overloading of aerobic tissues me-
tabolism with rapidly growing energy demand,
conditions leading to excessive FRs production (hy-
poxia-ischemia, hyperoxia, infections), presence of
high NPBI levels, lack of antioxidant systems that come
to maturity during the first year of life (18-21).
We measured OS biomarkers in cord blood as indica-
tors of fetal exposure to intrauterine production of FRs,
leading to the onset of NEC, as FRs mediated disease
in premature infants.
We found that babies with NEC had higher values of
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cord blood TH, AOPP and NPBI than normal babies.
NPBI, being redox cycling active, is an OS biomarker.
It has pro-oxidant properties because it can enter in
Fenton reaction producing hydroxyl radical, the most
oxidant molecule in biological systems. 
TH, are indexes of overall FRs attack, because they are
indicative of intermediate oxidative products of lipids,
peptides and aminoacids. Lipid and protein hydroper-
oxides, in the presence of traces of free iron, produce
several secondary reactive radical species which can be
measured collectively as organic hydroperoxides (10).
AOPP are terminal products of protein exposure to FRs
without oxidant properties and they are reliable mark-
ers of the degree of protein damage in oxidative stress
(10).
It is interesting to note that among OS biomarkers,
AOPP had significant prognostic value for the risk of
developing NEC. 
When an intrauterine OS occurs, proteins are the main
and early target of oxidation in plasma (22). In previ-
ous our study we demonstrated an association between
NPBI and carbonylated proteins in babies with highest
NPBI levels. Since NPBI may produce hydroxyl radi-
cals through the Fenton reaction, the major target of OS
induced by NPBI is its carrier: albumin (23).
Oxidation of protein can therefore be expected to in-
crease the likelihood of tissue damage due to OS in the
newborn.
Our results underline a strong association between
NEC and AOPP, showing a clear correlation between
intrauterine OS events and the risk of developing NEC.
The use of cord blood samples shows that NEC is a
perinatal disease linked to FR-mediated injury origi-
nating in intrauterine life.
This finding of increased plasma levels of OS biomark-
ers in newborn who developed NEC suggests that in-
creased OS markers are a direct index of increased
production of FRs in the premature gut as a response
to oxidative damage. This hypothesis is reinforced by
the observation that similar increased FRs production
occurs after perinatal injury (24).
We conclude that the determination of biochemical OS
biomarkers in cord blood allows the early identifica-
tion of infant at risk for NEC and can be useful in de-
vising new strategies to bring consistent benefits to
premature babies.
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INTRODUCTION
Despite recent advances in preterm newborns health-
care, today hypoxic-ischemic encephalopathy (0.5-
1/1000 live birth) is still the main cause of acute
perinatal mortality (10-60%) [1].
The majority of survivors (25%) shows neurological
deficits, such as cerebral palsy, mental retardation or
epilepsy, with long-term effects also on the healthcare
system and the society [2, 3, 4].
Hypoxic-ischemic encephalopathy occurs when the
oxygen brain intake and/or blood flow is reduced (hy-
poxia/ischemia) [5]. Consequently the neonatal brain
converts its aerobic metabolism  into anaerobic in an
effort to sustain itself activity. The inability to perform
the normal metabolic pathway results in an increased
free radicals (FRs) generation, cell apoptosis and cell
death [6]. A direct relation has been demonstrated be-
tween the degree of hypoxia and the amount of FRs
production [7, 8]. Neonatal brain is characterized by a
high rate of oxygen consumption and low concentra-
tion of antioxidants, making it very susceptible to the
hypoxic-ischemic injury [9, 10]. 
The enormous burden of human suffering and financial
cost caused by perinatal brain damage  make neuro-
protection a major health care priority and potential

targets of neuroprotective interventions has been stud-
ied over time. Currently there are no established ther-
apies for the treatment of hypoxic-ischemic injury aside
from hypothermia, but many clinical trials and animal
studies showed that hypothermia alone is not able to
provide a complete protection or to a normal neurode-
velopmental outcome [11]. Presumably the association
between moderate hypothermia  and the use of antiox-
idants can lead to an improvement in neonatal out-
come.
Among antioxidants, Melatonin (N-acetyl-5-
methoxytryptamine) has high antioxidant and anti-in-
flammatory properties and it is the main secretory
product of the pineal gland [12, 13]. It can work as a
direct antioxidant, scavenging dangerous FRs, such as
OH•, O2−, H2O2 and ONOO−, and as an indirect one
inducing the production of antioxidant enzymes, in-
cluding glutathione peroxidase, glutathione reductase,
glucose-6-phosphate dehydrogenase, and superoxide
dismutase. Moreover, melatonin has no pro-oxidant ef-
fects unlike many other antioxidants [14].
Melatonin is particularly interesting for its ability to
cross all physiological barriers, and to be widely dis-
tribute in tissues, cells and subcellular compartments.
This drug is not currently available for neonatal thera-
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BRAIN DAMAGE AND OXIDATIVE STRESS IN THE PERINATAL PERIOD:
MELATONIN AS A NEUROPROTECTIVE NEW DRUG
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Background: Prenatal factors represent the main determinants of hypoxic-ischemic encephalopathy (HIE) rather than intra-
or post-partum conditions in perinatal period. Oxidative stress (OS) plays a key role in perinatal brain damage. The devel-
opment of therapeutic strategies to improve the outcomes of babies with HIE is still mandatory.
Aim: to evaluate the effectiveness of melatonin as a neuroprotective drug. To investigate the influence of Melatonin on the
OS biomarkers production in an animal model of cerebral hypoxia-ischemia.
Methods: 30 rat pups were subjected to ligation of the right common carotid artery and exposed for 2.5 hours at an hypoxic
condition. A group of 15 rats was administered melatonin at a dose of 15 mg/kg 5 minutes after the procedure (Mel GROUP).
At the same time 15 rats received placebo (HI GROUP). A group of 5 healthy rats was used as sham operated (S GROUP).
Isoprostanes (IsoPs), neuroprostanes (NPs) and neurofurans (NFs), all markers of OS were measured at 1, 24 and 48 h from
ischemic injury in homogenized cerebral cortex of the two sides, right (hypoxia and ischemia) and left (hypoxia). 
Results: In the HI group were observed: a significant increase of IsoPs on the left side of cortex after 1 h from HI injury
(p<0.001); a significant increase of NPs on both sides after 24 h (p<0.05) and a significant increase of NFs on the left (p<0.05)
after 24 h. After 48 h in the Mel group was observed a significant increase of IsoPs on the left (p<0.05) and of NPs on both
sides of cerebral cortex (p<0.05).
Conclusions: Melatonin reduces OS biomarkers in cerebral cortex of HI rats after 24 h from its administration.  The drug is
no longer effective after 48 h. These results lay the groundwork for future clinical studies in infants.
Keywords: oxidative stress, hypoxia-ischemia, animal model, melatonin.



peutic use but when used as a compassionate drug in
neonatal sepsis, broncopulmonary dysplasia, and
neonatal asphyxia [15, 16] seem to be promising, and
support the possibility for its wider use in perinatal
medicine. 
Recently, we demonstrated the melatonin neuroprotec-
tive effects when administered before the HI insult
with a reduction of the oxidative damage [17]. 
The aim of this study is to evaluate whether the use of
melatonin after the HI insult is equally protective. The
objective is to establish the effectiveness of melatonin
as a neuroprotective drug, determining the influence
on the production of oxidative stress (OS) and in the
brain of rats suffering from hypoxia-ischemia.

EXPERIMENTAL
Materials
Pregnant Sprague-Dawley rats as animal model were
obtained from Charles River, Calco (LC), Italy. Mela-
tonin; Dimethyl sulphoxide (DMSO); Butylated Hy-
droxytoluene (BHT); 2,3,4,5,6-pentafluorobenzyl
bromide (PFBB); N,N-Diisopropylethylamine
(DIPEA), Bis(trimethylsilyl)trifluoro acetamide
(BSTFA), N,N-Dimethylformamide (DMF); Undecane;
Methanol; Tris(hydroxymethyl)aminomethane (TRIS);
Ethylenediaminetetraacetic acid (EDTA); Ethylene gly-
col-bis(2-aminoethylether)-N,N,N′,N′-tetraacetic acid
(EGTA); Phenylmethanesulfonyl fluoride (PMSF);
Bovine Serum Albumin (BSA); Sodium dodecyl sulfate
(SDS); NaCl; Tween-20; paraformaldehyde; Phosphate
buffered saline (PBS); Sucrose; 3,3′-Diaminobenzidine
tetrahydrochloride;hydrogen Peroxide (H2O2)  were
obtained from Sigma-Aldrich, Milan, Italy. 
Protease inhibitor cocktail was from Boehringer
Mannheim, Mannheim, Germany. Bradford dye was
from Bio-Rad laboratories, Milan, Italy. SPE C-18 Sep-
Pak cartrige and SPE Silica Sep-Pak cartrige were from
Waters VIMODRONE (MI), Italy. Thin layer chro-
matography (TLC) were from VWR International s.r.l.,
Milan, Italy. Gascromatography capillary fused silica
column DB-1701 15 meter length, 0,25 mm internal di-
ameter and 0,25 µm film thickness were from Agilent
Technologies Cernusco sul Naviglio (MI), Italy.  
The deuterated internal standard d4-8-IsoPgF2α was
from Cayman Chemicals, Tallinn Estonia.
ECL system (Amersham Pharmacia Biotech, UK)
Avidin-biotin peroxidase solution (Elite ABC kit) was
from, Vectastain, Vector, USA.

Animal model of cerebral HI
All surgical and experimental procedures were carried
out in accordance with the Italian regulations for the
laboratory animals care and  were approved by the in-
stitutional and State authorities.  Pregnant Sprague-
Dawley rats were housed in individual cages and the
day of delivery was considered day 0.  
Neonate rats were kept in regular light/dark cycle
(lights on 8 am – 8 pm) with free access to the food and
water for 7 days after birth. A total of 30 7-day-old rats
underwent unilateral ligation of the right common

carotid artery, via a midline neck incision after anes-
thesia with 0.2 mL of inhaled isoflurane. The surgery
usually last for 3–4 minutes for each rat, after which
the rats were kept in an incubator for observation at
34°C for about 10–15 minutes. They were subsequently
placed in a hypoxic chamber with 8% of O2/92% N2
maintained at 34°C for 2.5 hours. 
Melatonin, dissolved in DMSO and diluted in saline
solution to a final concentration of 5% DMSO, was ad-
ministered to a group of 15 rats 5 minutes after the end
of the ischemic-hypoxic procedure at the dose of 15
mg/kg (MEL GROUP/MELg).
15 rats underwent only surgical artery ligation and hy-
poxia without receiving melatonin but only a similar
volume of DMSO and they served as HI controls (HI
GROUP/HIg). A group of 5 healthy rats was used as
sham operated (S GROUP/gS).  Both the Mel Group
and the HI Group were then divided into three sub-
group of 5 rats each, which were sacrificed, respec-
tively, at 1, 24 and 48 hours after surgical treatment
(figure 1).

Preparation of brain tissue extracts
A brain tissue sample (100 mg) from the prefrontal cor-
tex was immediately frozen in liquid nitrogen and
stored at  -80°C until the use. BHT 100 uM in methanol
was added to the cerebral cortex homogenate to pre-
vent oxidation during processing.

IsoPs, NPs, NFs determination   
Isoprostanes (IsoPs), neuroprostanes (NPs) and neuro-
furans (NFs) as OS biomarkers, were measured at 1, 24
and 48  hours after the HI injury in homogenized cere-
bral cortex of the two sides, right (hypoxia and is-
chemia) and left (hypoxia) in each group. 
Quantification of IsoPs, NPs, NFs requires Folch extrac-
tion (1) and two purification steps using solid-phase
C-18 Sep-Pak cartridge followed by silica Sep-Pak car-
tridge. After extraction these molecules were converted
to the corresponding pentaflourobenzyl esters to facil-
itate compound analysis by GC-NICI-MS. This deriva-
tization was carried out with 40 μL of 10% PFBB in
acetonitrile and 20 μL 10% DIPEA in acetonitrile. For
the purification of pentaflourobenzyl esters  the TLC

Fig.1. Study >Population 
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was used.  The purified compounds were further de-
rivatized  with 20 μL BSTFA and 7 μL dry DMF  to be
converted to the corrisponding trimethylsilyl ether. The
sample dissolved in 10 μL of undecane was injected
into GC/MS.  The OS markers values were expressed
as ng/mg of tissue. IsoPs, NPs, NFs quantification was
made through an Agilent 7890A, a gas chromatograph
coupled to Agilent 5975C mass spectrometer equipped
with a DB1701 fused silica capillary column pro-
grammed from 190°C to 300°C at 20°C per mm. The
ions monitored were 569 m/z, for iPs, 593 m/z for nPs,
585 m/z for isoFN and 609 m/z for nFs. The correspon-
ding ion for the deuterated internal standard d4-8-
IsoPGF2α was 573 m/z [18].

RESULTS
Treatment with melatonin reduces OS markers level
HI Group and in the Mel Group medians of OS bio-
markers (IsoPs, NPs and NFs) were respectively com-
pared to the S Group at 1, 24 and 48 hours after the HI
injury. OS biomarkers levels were measured in both
right and left cerebral cortex and were analyzed sepa-
rately for each side [table 1]. 
IsoPs showed a significant decrease (p<0.001) on the
left side of cortex in the Mel Group after 1 h from HI
injury (gS 3.52 ng/mg of tissue; gHI 5.99; gMel 3.15)
and a significant increase after 48 h (gHI 3.51; gMel
4.89).
NPs showed a significant decrease (p<0.05) on the both
side of the cerebral cortex of the rats treated with mela-
tonin after 24 h from HI injury (right: gS 3.42; gHI
24.08;  gMel 11.61;  left: gS 4.85; gHI 18.08; gMel 9.45)
and a significant increase after 48 h (right: gHI 11.11;
gMel 22.35; left: gHI 15.23; gMel 18.23).
NFs showed a significant decrease (p<0.05) on the
right side of cortex in the Mel Group after 24 h from HI
injury (gS 0.11; gHI 1.56; gMel 0.84).

DISCUSSION
Oxidative stress plays a key role in the neonatal brain
injury [19], depending on the excessive production of
FRs and on the lack of antioxidant system. Antioxidant
strategies could be useful tools in brain injury treat-
ment.
Melatonin has several metabolic functions as antioxi-
dant, anti-inflammatory, chronobiotic and even as an
epigenetic regulator, via mechanisms including nuclear
receptors, co-regulators, histone acetylating and
DNAmethylating enzymes [20]. Melatonin has been
used in adulthood to correct insomnia and jet lag [21]
and in Alzheimer disease [22]. It appears particularly
interesting as a neuroprotectant in the newborn be-
cause of its efficacy, safety profile and its possibility to
act at different levels in the mechanisms responsible
for the progression of the neurodegenerative process.
We have investigated its antioxidant and anti-inflam-
matory property in the brain.
The evaluation of lipid peroxidation is a useful means
to evaluate brain OS damage. We measured Iso-

prostanes, Neuroprostanes and Neurofuranes in brain
tissues. Isoprostanes (IsoPs), markers of lipid peroxi-
dation, are a prostaglandin-like compounds formed in
vivo by nonenzymatic free radical-catalyzed peroxida-
tion of arachidonic acid [23].  They are considered a
very reliable means to assess OS status in vivo, provid-
ing an important tool to explore the role of OS in the
pathogenesis of human diseases [24]. Moreover, a new
oxygen insertion step diverts IsoPs intermediates path-
way to instead form compounds, termed Isofurans
(IsoFs), containing a substituted tetrahydrofuran ring
[25]. This different method of formation explains why
oxygen tension can affect the lipid peroxidation profile.
The same can happen in neuronal cells where docosa-
hexaenoic acid (DHA), a major component of neuronal
membranes, is oxidized both in vitro and in vivo to
form IsoPs-like compounds termed Neuroprostanes
(NPs) [26, 27]. The NPs are the only quantitative in
vivo biomarkers of oxidative damage that is selective
for neurons. An alternative pathway of oxidation of
DHA results in the formation of IsoF-like compounds
termed neurofurans (NFs), which are sensitive to
changes in oxygen tension [28]. The abundance of
DHA in the brain makes the NFs analysis particularly
valuable in the quantitative assessment of lipid perox-
idation after brain damage. IsoPs, IsoFs, NPs and NFs
are chemically and metabolically stable and so are
well-suited to act as in vivo biomarkers of OS.
In this study we have a significant reduction, in Mel
Group, of IsoPs after 1 hour from HI injury and of NPs
and NFs after 24 h from HI injury. We also have a sig-
nificant increase, in Mel Group, of NPs after 48h prob-
ably due to short half-time of exogenous melatonin
[29]. The increase of OS biomarkers at 48 hours in the
treated group suggest that the effect of Melatonin per-
sists for 24 h, so repeated treatments are necessary to
ensure a long lasting protective effect. 
This study shows the protective role of melatonin
when administered 5 minutes after the hypoxic-is-
chemic insult. We speculate Melatonin may be an im-
portant and complete neuroprotectant, but clinical
trials are necessary to assess some issues, such as the
dose and the therapeutic regimen to be used and the
availability of controlled formulations suitable for
these patients.
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Table1. Medians value and IR of OS biomarkers, performed at 1, 24 and 48  hours after the HI injury in homogenized cerebral cortex of the
two sides, right (hypoxia and ischemia) and left (hypoxia) in Mel GROUP (gMel), HI GROUP (gHI) and S GROUP (gS).



INTRODUCTION
The expression “renal duplex system” means a set of
congenital anomalies of urinary upper and lower tract
with partial or complete duplication of collecting sys-
tem, pelvis and renal parenchyma. The kidney appears
divided into two separated halves and ureters can be
duplicated partially or totally. They can joint before the
vesical outlet (“bifid system” or “bifid ureter”) or they
can separately lead to bladder (“complete ureteral du-
plication”). The incidence of the malformation is about
0,8%, female sex is more affected than the male one
and the bifid ureter is present on the 60% of cases
(complete ureteral duplication in the remaining 40%
of cases). Duplex system arises by an embryologic
anomaly due to a duplication or a split of the ureteral
bud. Morphological and functional alterations, such as
inversion of ureteral meatus and upper pole parenchy-
mal dysplasia, are described respectively by Weigert-
Mayert and Mackie-Stephen laws. Anomaly of ureteral
bud implies an inadequate interaction between the
mesonephros and the metanephic blasthema and an in-

correct renal maturation. This is the reason of many as-
sociated to duplex system diseases; most frequent ones
are: lateral ureteral ectopy, ectopic ureter, ureterocele,
renal dysplasia and others. According to associated dis-
eases, main symptoms can be attributed to urinary tract
infection (UTI), incontinence, epididymis-orchitis, ab-
dominal mass, urinary retention or growing retardation
(1). Duplex system can remain asymptomatic all life
long and so no treatment is necessary. If it becomes
symptomatic because of associated disease, its treat-
ment could be a medical approach or a surgical one and
it depends on the kind of pathology and the age of pa-
tient (2). Our study aims to define the different man-
agement of duplex system basing on clinic; therapeutic
option could be conservative, wait or reconstruction,
or demolitive. We also aim to analyze results basing on
undertaken choices by time. 

MATERIALS AND METHODS

At the department of Clinic of Pediatric Surgery of the
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RENAL DUPLEX SYSTEM IN PEDIATRIC POPULATION: 
MANAGEMENT AND LONG-TERM FOLLOW-UP

Scipioni F., Cerchia E., Brandigi E., Meucci D., Pavone M., Messina M.
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Background. Duplex system is a duplication of renal parenchyma, pelvis and collecting system. It could be complete, if
ureters lead to bladder separately or incomplete, if they joint before coming out. This study aims duplex system management
evaluation, defining  indications of conservative or demolitive therapy, and results.
Materials and methods. At the section of pediatric surgery of University of Siena we have observed 27 patients with duplex
system  from January 1980 to May 2011: 7 male (26%) and 20 female (74%), 18 (67%) with complete duplicity, 9 (33%)
with incomplete one. Patients were divided into 2 groups: the first one was composed by 12 children (44%), they had negative
diagnostic exams for alterations of renal function and associated diseases and no symptoms;the second group had 15 children
(56%) whose diagnostic-therapeutic iter was based on associated malformations and symptoms of each case. We found: 5
RVU (33%) with 1 Hutch diverticulum; 5 ureteroceles (33%); 3 ectopic ureters (20%); 4 megaureters (26%), 6 renal dysplasia
and upper pole function <10% (40%).
Results. Children belonging to second group were treated in different ways. 5 babies (33%) with RVU were approached
with submeatal infiltration; 1 baby (7%) with ureterocele was treated with excision of  the malformation and Cohen reim-
platation; 2 ureteroceles (13%) were incised by transurethral approach and RVU appeared, 1 of them was then treated with
eminephroureterectomy; in 1 case of ureterocele (7%)and 1 of ectopic ureter (7%) no treatment was undertaken and 1 baby
with ureterocele (7%) needed eminephoureterectomy; 4 kidneys (26%) with upper pole impaired function required em-
inephroureterectomy. All second group patients, except 3, had a 2-16 years follow-up and they showed normal growth and
no symptoms. First group children had negative exams and excellent clinic conditions.
Conclusions. Our results suggest that management should be decided on patient’s age, clinic presentation and associated
diseases.
Keywords: duplex system; associated diseases; individualized management.



University of Siena, we analyze 27 patients with renal
duplex system from January 1980 to May 2011. In 18
patients (67%) the duplex system was complete, in 9
patients (33%) it was incomplete. Patients were 7
males (26%) and 20 females (74%); among males,
there were 4 complete duplex systems (57%) and 3 in-
complete ones (43%); among females, there were 14
complete duplex systems (70%) and 6 incomplete ones
(30%). Duplex system was in 20 cases (74%) on the
left side: 13 cases with complete renal system (65%)
and 7 with incomplete (35%); 14 cases (70%) on fe-
male sex: 10 complete (71%) and 4 incomplete (29%);
and 6 cases on male sex (30%): 3 complete (50%) and
3 incomplete (50%). On the right side we found 7 dou-
ble districts (26%): 5 with complete duplex system
(71%) and 2 with incomplete one (29%); 6 cases (86%)
involve females: 4 complete (67%) and 2 incomplete
(33%); only 1 case (14%) of complete duplex system
was noticed on male sex (table I).

In 2 cases (7%), the diagnosis of duplex system dated
to prenatal age, 15 patients (56%) were analyzed at
perinatal time, and the remaining 10 babies (37%)
were joined up in preschool time. We performed uri-
nary ultrasound, urinanalysis and urine culture to all
patients at their entry. Then lab and instrumental
checks were performed, such as blood exams, complete
urine culture, ultrasounds, voiding cystourethrogram,
renal scan, uro-NMR and cystoscopy. They were de-
cided and performed with different timing and modal-
ity, basing on severity and onset of eventual symptoms.
Our 27 patients were divided into 2 groups. The first
group was composed by 12 babies (44%), 5 males
(42%) and 7 females (58%), without any symptoms
and with negative diagnostic exams for renal function’s
alteration and associated disease of urinary tract. Only
1 asymptomatic baby needed cystostomy and

tab.1. Distribution of our cases based
on sex, side and completeness 

colostomy at birth because of the presence of cloaca;
the baby was lost on follow-up. The second group was
composed by remaining 15 cases (56%), 13 females
(87%) and 2 males (13%). Their diagnostic and thera-
peutic iter was personalized according to found  asso-
ciated diseases and consequent symptoms. At the entry,
all patients were submitted to ultrasounds: we found
9 hydronephrosis (60%), 4 megaureters (26%), 5 urete-
roceles (33%), 1 ectopic ureter (7%), 1 cystic structure
(7%), 2 decreases of upper pole cortical thickness
(13%) and 6 increases of renal size compared to con-
tralateral one (40%). At the same time there were 7
positivities of urine culture (47%), but only 5 cases
(33%) were associated with hyperpyrexia. We per-
formed voiding cystourethrogram in all babies and we
found 5 vesical-ureteral reflux (VUR) (33%), 1 of them
(7%) associated with Hutch diverticulum, and 5 urete-
roceles (33%). To complete diagnostic iter, we per-
formed cystoscopy in 5 patients (33%) that showed 4
complete duplex systems (26%), in 1 case (7%) there
was an associated ectopic ureter and the outlet was on
the bladder neck, and 1 incomplete duplex system
(7%). All the 5 double districts were on the left side
(33%). At the beginning of our experience we executed
urography in only 2 cases (13%) and we could see hy-
dronephrosis, megaureteres and delayed contrast re-
moval from upper pole, especially in 1 of them (7%).
In only 1 case (7%) we detected ureterocele. In 10 cases
(67%) it was necessary to have a nuclear scan to com-
plete diagnosis, in 6 babies (40%) with diethylene tri-
amine pentaacetic acid (DTPA ) and in 5 ones (33%)
with dimercapto-succinic acid (DMSA), only 1 patient
(7%) needed both exams. All 6 DTPA-scans (40%)
showed a decreased transit of the nuclear marker on
the upper pole; on the contrary only 4 (26%) of the 5
DMSA-scans showed the same find. The conclusion
was that 5 (33%) patients had a residual upper pole
functionality under 10%. The clinic was hard in 7 pa-
tients, so we performed uro-MR. The results presented
the association of a renal duplex system of hydronefro-
sis in 6 cases (40%), ectopic ureter in 3 cases (20%),
ureterocele in 2 cases (13%) and megaureter in 1 case
(7%). Concluding our study, we found: 5 VURs (33%),
1 (7%) on the right side and 4 (26%) on the left side
(among the last group we also had an Hutch divertic-
ulum); 5 ureteroceles (33%), 4 on the left (26%) and 1
on the right side (7%); 3 megaureteres (26%), all on
the left side; finally 6 upper poles (40%) with function-
ality under 10%, all on the left side (table II).
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Table 2.
Associated
diseases to
our popula-
tion found
by diagnostic
exams.



RESULTS
Our 15 patients of the second group were controlled
basing on symptoms and found associated disease; if
there was the need of a surgical approach (13 on 15
cases), this varied from endoscopy to laparotomy or a
minimally invasive approach. The 5 (33%) VURs were
treated with submeatal infiltration of Deflux® by cys-
toscopy. In 1 case (7%) of ureterocele the treatment was
the excision of the malformation and the Cohen reim-
plantation of both of duplex system’s ureters; the deci-
sion was taken basing on the obstruction of the urine
flow at the age of two years. The same problem was
observed in other 2 cases (13%) at the age of two and
five years respectively; both of them were treated with
the transuretral incision of ureterocele. After the inci-
sion, VUR developed and it was confirmed by control
voiding cystourethrogram, so we dispensed antibiotic
therapy. 1 case (7%) of ureterocele was without symp-
toms so any therapeutic step was necessary. In 6 cases
(40%) upper pole function was under 10% so the ap-
proach was an upper pole eminephroureterectomy: in
5 cases (33%) this was in laparotomy and only in 1
case (7%) in retroperitoneoscopy. The retroperitoneo-
scopic eminephroureterctomy was performed in 1 case
with ureterocele, which was treated previously by en-
doscopic incision and which developed VUR and UTI
after this procedure. In 1 laparotomic eminephrectomy,
an ureterocele was present and it was decompressed
by the upper pole ureter’s removal. We found only 1
isolated ectopic megaureter  (7%) with the outlet under
the bladder neck; we doesn’t have still decided its most
suitable management, waiting for  the conclusion of
the diagnostic iter (renal nuclear scan) and because of
absence of symptoms. (table III)
Patients follow-up had a minimal time of 2 years
(range: 2-16 years, average: 5 years). 3 patients were
excluded from the follow-up: 1 patient with ectopic
megaureter with an unconcluded diagnostic iter; 2 ba-
bies, lost during the observation time, 1 with an urete-
rocele without any treatment and 1 with  developed
after ureterocele incision. We performed urine exams,
urine culture and urinary system ultrasonography to
all patients during time of controls. Basing on every
undertaken management or clinic of the baby at the
moment of control, we added further exams such as
blood exams, voiding cystourethrogram, nuclear scan,
uro-MR and cystoscopy. We executed Deflux® infiltra-

tion in 5 babies and they don’t present any symptoms
related to VUR; we could perform cystourethrogram
only after 6-12 months since infiltration, so we had the
exam only in 3 cases of them and the results were neg-
ative. The baby, who underwent ureterocele excision
and ureters reimplantation, had a negative urinary
clinic. On opposite, we performed ultrasonographies
every 3 or 6 months and they showed the increase of
pelvis dilatation and the decrease of cortical thickness
until 4 mm (the last one 4 months ago). Also renal nu-
clear scan showed that function of left kidney de-
creased and it was about 35-38%; the exam confirmed
hydronephrosis with positivity to furosemide test. In
6 patients we performed upper pole em-
inephroureterectomies and the results are good, con-
firmed by negative clinic, urine colture, blood exams,
voiding cystourethrogram and valid function of re-
maining lower pole, showed by nuclear scan. The other
12 patients don’t present any associated diseases or
symptoms and they always had negative control exams
and excellent clinic conditions during follow-up. 

DISCUSSION
Renal duplex system, both complete and incomplete,
can’t be approached by a standardized diagnostic-ther-
apeutic management. Indeed we have to plan the man-
agement basing on “when” and “how” diagnosis is
defined. Analyzing our population, diagnostic exams
and surgical treatment were different among children
considering their clinic and their primary disease to
solve. 
Literature refers that first signs of a duplex system are
related to UTI due to VUR. The main treatment of this
condition is submeatal infiltration of Deflux® in VUR
of low degree, because their resolution is similar than
the single system reflux. Only a quarter of so treated
patients needs an open approach in the future. So, ac-
cording with Literature, we performed this procedure
also in babies of our study (3). When the VUR is IV-V
degree, it is better to perform an open approach, be-
cause the healing rate after infiltration is too low (4).
In general, Literature suggests the open surgery when
a “golf hole” ureteral orifice, a perpendicular to bladder
intramural ureter and a VUR associated to ureterocele
are present (5). 
Management of ureterocele is difficult because it de-
pends on the kind of ureterocele, the eventual damage
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Table 3.
Different
treatments
performed
on babies of
II group.



on the renal parenchyma and the age of the baby. The
treatment could involve only the bladder, only the kid-
ney or both of them, to reduce the reoperation rate. 
Controversy is still present about the evolution of
upper pole parenchymal dysplasia and, by conse-
quence, its treatment. Authors think dysplasia is an ir-
reversible phenomenon linked to an alteration during
embryological process; Others suggest the correction of
associated disease to prevent the worsening of the sit-
uation (6,7). 
According to Hendren and Mitchell, the gold standard
of ureterocele treatment is the combined approach be-
cause of its lower rate of reoperation; it contemplates
eminephrectomy, ureterocele excision and ureters
reimplantation (8). When the upper pole functionality
is not preserved, it is possible to execute eminephrec-
tomy and extravescical ureterocele resection, followed
by the repair of bladder wound without any reimplan-
tation of lower pole ureter (9). Decter and Gonzales
confirm the need to treat each case individually. Ac-
cording to their opinion, upper pole should be ap-
proached when the ipsilateral ureter of lower pole
doesn’t present any reflux or if this is of low degree; on
the contrary, when a further procedure is necessary
(such as with a high degree reflux or a prolapsing
ureter) or when a non-responsive to therapy sepsis is
present, Authors suggest the previous decompression
of ureterocele by endoscopic incision, before the final
surgery. The success of treatment vary depending on
the intravescical or ectopic ureterocele’s position and
on the presence or absence of reflux. Extravescical
ureteroceles need a further operation in a percentage of
40% of limited to upper tract approaches. If the degree
of reflux is high, the percentage can increase until 53%.
On the contrary, the need of a further operation is pres-
ent in the 33% of cases, if the ureterocele is intravesci-
cal, performing the same procedure (10). Most
important complications linked to upper urinary tract
approach are: permanence or development of reflux,
UTI due to ureteral stump, visible flank scar, possible
lower tract damages and the need of reoperation of 50-
84%. On the contrary, benefits include the decrease of
risk of proteinuria, hypertension and cancerogenesis.
The reconstruction of low urinary tract presents more
benefits than upper tract approach, because it is possi-
ble to correct the disease, without a visible flank scar,
and to improve renal function in a percentage of 15-
50%. Complications include infections, postoperative
incontinence, residual renal non-working units, possi-
ble following surgery and technical difficulties (11).
The complete urinary tract reconstruction can be con-
sidered the gold standard, having the best surgical out-
come, but it is affected by an high morbidity, such as
urinary incontinence and bladder dysfunctions, linked
to low urinary tract involvement. So eminephrectomy
or ureteroureterostomy are the best surgical options
when babies are young, because their lower urinary
tract is easier damaging. This procedure permits to
postpone bladder involvement to an older age and a
better anatomical maturation (2,12). If reflux is absent,
eminephroureterectomy is the only performed proce-

dure in 85% of cases; on the contrary if reflux is pres-
ent, it is resolutive only in 16% of cases (2,13,14). Ac-
cording to Hussman, intravescical ureteroceles can be
approach by endoscopic incision, because the reopera-
tion rate is only about 23%. Instead, if the ureterocele
is extravescical and it is incised, the percentage of re-
operation is about 100%, so this approach is accepted
only in emergency situation such as obstruction of
urine flow, sepsis and neonates, where the anatomy is
too weak to guarantee the success of a lower tract re-
construction. The possibility of failure of this proce-
dure increases if VUR was present in preoperative
time. Not incision neither eminephrectomy can be suf-
ficient to solve disease in a patient with ectopic urete-
rocele and vesicoureteral reflux; the final act consists in
total lower urinary tract reconstruction. The principal
benefit of endoscopic approach of ureterocele is to sta-
bilize temporarily urinary tract functionality
(2,12,13,14,15,16). Guide lines about approach of
ureterocele in duplex system are so defined:

1. Emergency treatment (obstruction to urine flow,
sepsis and renal insufficiency): endoscopic inci-
sion.

2. Elective treatment:
• Intravescical ureterocele: endoscopic incision
• Ectopic ureterocele, functional renal upper pole
and absence of VUR in lower pole ureter: uretero-
ureterostomy or uretero-pyelostomy from upper to
lower pole
• Ectopic ureterocele, poor functional renal upper
pole and absence of VUR in lower pole ureter:
upper pole eminephroureterectomy (final treatment
in 85% of cases)
• Ectopic ureterocele, poor functional renal upper
pole and VUR in lower pole ureter or in contralat-
eral one: upper pole eminephroureterectomy and
bladder reconstruction (excision of ureterocele and
bilateral ureteral reimplantation). With these fea-
tures, the performance of ureterocele incision needs
a reoperation in the 50-100% of cases; the upper
pole nephrectomy needs a reoperation in the 84-
90% of cases (17,18).

Looking at our therapeutic behavior, it is not so differ-
ent than the one described in Literature. The approach
of 5 children with ureterocele was different basing on
clinical features. In 1 case, we perform ureterocele ex-
cision and ureters remplantation even if the baby was
only few months old, because of an important obstruc-
tion of urine flow; in 2 cases we incised ureteroceles
because of relapsing UTI and their lack of sensitive to
antibiotic therapy; in 1 case we had a “wait and see at-
titude”, because of the absence of any symptoms; fi-
nally in 1 case we executed eminephroureterectomy.
Both ureteroceles incisions caused VUR in lower pole
and one of them was treated with eminephroureterc-
tomy, considering the poor functionality of upper pole. 
In six cases with renal functionality under 10% we
performed eminephroureterectomy. According to Lit-
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erature, we executed a careful ureterectomy, to avoid
any possible VUR in the ureteral stump. In the last case
we analyzed, the eminephrectomy was performed by a
retroperitoneoscopic technique. This approach guaran-
tee a lower postoperative pain, a faster intestinal re-
canalization, a shorter hospitalization and a better
esthetic result than the laparotomic one (2,19).
According to our opinion, when the renal duplex sys-
tem is found accidentally and any symptomatology is
present, it is sufficient routine controls of urinary sys-
tem.

CONCLUSIONS
Our results could be considered satisfactory regarding
both esthetics and functionality.
Nowadays, all our patients present a regular height-
weight growth and they are symptoms-free. Diagnostic
and therapeutic management of renal duplex system is
complex and vary, indeed any gold standard doesn’t
exist.
It should be based on the way of the clinic presentation
and on the age of each patient. It is important to define
associated diseases to correct them quickly by miniin-
vasive techiques; this could reduce the postoperative
hospital and allow the earliest recovery for the patient.

REFERENCES
1. P.Puri e H. Miyakita. “ Duplication anomalies”. In P. Puri (eds);
“Newborn surgery”, Cambridge, Butterworth Heinemann, 1996, pp.
602-607.
2. R.N. Schlussel, A.B. Retik. “Ectopic ureter, ureterocele, and other
anomalies of the ureter”. In L.R.Kavoussi, A.C. Novick, A.W. Partin,
C.A. Peters e A.J. Wayne (eds);  “Cambpell-Walsh Urology”, IX edi-
zione, Saunders, pp: 3383-3422.
3. J. A. Molitierno, H.C. Scherz, A.J. Kirsch. “Endoscopic injection of
dextranomer hyaluronic acid copolymer for the treatment of vesi-
coureteral reflux in duplex ureters”. Journal of Pediatric Urology. 2008;
4: 372-376.
4. D.A. Husmann e T.D. Allen. “Resolution of vesicoureteral reflux in
completely duplicated system: fact or fiction?”. The Journal of Urology.
1991; 145: 1022-1023.
5. K. Afshar, F. Papanikolaou, R. Malek, D. Bagli, J.L. Pippi-Salle e
A. Khoury. “Vesicoureteral reflux and complete ureteral duplication.
Conservative or surgical management?”. The Journal of Urology. 2005;
173: 1725-1727.
6. S. Bolduc, J. Upadhyay, C.Sherman, W.Farhat, D.J.Bägli, G.A.
McLorie et all.. “Histology of upper pole is unaffected by prenatal di-
agnosis in duplex system ureteroceles”. J Urol. 2002; 168: 1123-1126. 
7. J. Upadhyay, S. Bolduc, L.Braga, W. Farhad, D.J. Bägli, G.A. McLo-
rie et all. “Impact of prenatal diagnosis on the morbidity associated
with ureterocele management”. J Urol. 2002; 167: 2560-2565.
8. W.H. Hendren e M.E.Mitchell. “Surgical correction of ureterocele”.
J Urol. 1979; 121: 590.
9. T. Gotoh, T. Koyanagi e T. Matsuno. “Surgical management of urete-
roceles in children: strategy based on the classification of ureteral hiatus
and the eversion of ureteroceles”. J Pediatr Surg. 1988; 23:159.
10. R.M. Decter, D.R. Roth, E.T Gonzales. “Individualized treatment
of ureteroceles”. J Urol. 1989; 142: 535.
11. D.A. Hussman. “renal dysplasia: the risks and consequences of leav-
ing dysplastic tissue in situ”.Ur. 1998; 52(4): 533-536.
12. B.Shekarriz, J. Upadhayay, P. Fleming, R. Gonzàlez e J.S.
Barthold. “Long-term outcome based on the initial surgical approach
to ureterocele”. J Urol. 1999; 162: 1072-1076.. 
13. C.S. Cooper and H.M Snyder III. “ Ureteral Duplication, Ectopy,
and Ureteroceles”. In J.P. Gearhart, R.C. Rink, P.D.E. Mouriquand
(eds); “Pediatric urology”, Philadelphia, W.B. Saunders Company,
2001, pp 430-449.
14. D.Husmann, B. Strand, D. Ewalt, M. Clement, S. Kramer e T.
Allen. “Management of ectopic ureterocele associated with renal dupli-
cation: a comparison of partial nephrectomy and endoscopic decompres-
sion”. J Urol. 1999; 162: 1406-1409M.
15. Castagnetti, M. Cimador, M. Sergio e E. de Grazia. “Transurethral
inicision of duplex system ureteroceles in neonates: does it increase the
need for secondary surgery in intravesical and ectopic cases?”. BJU in-
tern. 2004; 93: 1313-1317.
16. B. Chertin, D. De Caluwé e P.Puri. “Is primary endoscopic puncture
of ureterocele a long-term effective procedure?” J Ped Surg. 2003; 38
(1): 116-119. 
17. A.A. Shokeir e R.J.M. Nijman. “Ureterocele: an ongoing challenge
in infancy and childhood”. BJU Intern. 2002; 90: 777-783.
18. E. Merlini e P. Lelli Chiesa. “Obstructive ureterocele – an ongoing
challenge”. World J Urol. 2004; 22: 107-114.
19. A. El-Ghoneimi, J.Miranda, T. Truong e G. Monfort. “Ectopic
ureter with complete ureteric duplication: conservative surgical man-
agement”. J of Ped Surg. 1996; 31: 467-472.



43

ARTICLES

Prostate cancer is the second most common cancer in
men worldwide. However the cause of this disease re-
mains largely unclear. Both genetic and environmental
factors seem to be involved in the pathogenesis. 
Polymorphic genes have been demonstrated to be in-
volved in the pathogenesis: in particular Genome-wide
and replication association studies (GWAs) have iden-
tified multiple loci at which common variants modestly
influence the risk of developing prostate cancer Signifi-
cant associations were found between 31 SNPs and
PCa. (1,2)
In the last years the role of reactive oxygen species
(ROS) in deterioration of DNA, proteins, lipids of
membrane cells has been demonstrated. In fact the
generation of reactive oxygen species may be both ben-
eficial to cells, performing a function in inter- and in-
tracellular signalling, and detrimental, modifying
cellular biomolecules, accumulation of which has been
associated with numerous diseases.(3,4,5)
Oxidative stress is a process that occurs when cells tis-
sues and biomolecules undergo an excessive exposi-
tion to free radical species causing a number of human
pathologies, such as carcinogenesis, cardiovascular and
neurodegenerative diseases (6). There is evidence that
suggests that oxidative stress plays a role also in pro-
static carcinogenesis. The living cells are constantly ex-
posed to potentially damaging free radical species,
whose origin may be both intracellular arising from
cellular metabolism and extracellular, produced by ex-
posure to chemical, physical and infective factors (ion-

izing and ultraviolet radiations, drugs, viruses and bac-
terial diseases, smoke, air pollution, emotional stress).
The reactive oxygen species (ROS) include superoxide
radical (O), reactive hydroxil-radical (OH), non radical
hydrogen peroxide (H2O2). ROS have as cellular target
DNA, protein and lipids of cellular membrane (7). To
combat attack from ROS, and other free radicals, living
cells have acquired a number of defences: enzymes,
such as superoxide desmutase, catalase and glutathione
peroxidase limit the levels of ROS. Also external an-
tioxidant factors such as such as vitamin C, and vitamin
E, melatonin, that intercept free radicals, play a role,
preventing damage to cellular biomolecules. The an-
tioxidant enzyme glut, preventing oxidative damage to
DNA, proteins and lipids by detoxifying hydrogen and
lipid peroxides that may contribute to prostate cancer
development. A number of human cancers demonstrate
low levels of intracellular antioxidant enzymes (cata-
lase, glutathione peroxidase) and antioxidant mole-
cules (vitamin E, vitamin C, and vitamin A, melatonin,
curcumin). Some recent studies indicate an association
between GPX1 Pro198Leu polymorphism and an in-
creased risk of cancer and older ages may influence the
association between GPx1 Pro198Leu polymorphism and
PCa (8).
Such cancer cells are unable to detoxify large quantities
of H2O2. Thought generalizations about antioxidants
cannot be made. Research has demonstrated the anti-
cancer activity of vitamin C (VC) for some decades. The
VC has been performed positively in vitro for prostate
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cancer, breast cancer, ovarian cancer, bladder cancer,
hepatocarcinoma, leukemias. Nevertheless human tri-
als with oral VC show modest benefit, also if more than
the other anticancer antioxidants. (Anichini C et all Anti-
cancer research 2011). While there are many reports on
the anticancer effects of various natural agents, there is
little information available on results of combining
these agents. Some agents that are classified as antiox-
idants have been a evaluated to verify the effect in com-
parison or association to the standard chemotherapies.
Indeed the alimentary integration with a combined an-
tioxidant agent such as Ascorbate of Potassium with
Ribose (PAR) plays an important rule in the prevention
and also cure of prostatic cancer, opposing the effect of
ROS, both in men carriers of the polymorphism the
GPX1 Pro198Leu and in the general population after the
evidence, on blood samples, of an increase of the ox-
idative stress parameters (9,10,11). While in the past
time an empiric use of those integrators was used, now
a more correct administration is possible, after the de-
termination of some reliable OS biomarker profile in a
blood sample in order to compare its values with the
ones of control(14). Biomarker profile included ad-
vanced oxidation protein products (AOPP), non pro-
tein binding iron (NPBI), isoprostanes (IP2), carbonyl
groups (CO) and hydroperoxides (dRO). The bio-
marker profile and PAR administration have been duly
approved by local Ethics Committee (C. Anichini Re-
search Atheneum Progect 2005).
A protective action of ascorbate of potassium with ri-
bose has just been confirmed on cellular lines of
healthy breast fibroblasts(HTB 125) exposed to radia-
tion with 200 RadLe Healthy radiated cells not treated
with PAR showed a slower growth vetocity and dupli-
cation with morphological aspect changes, while cells
radiated and in a medium with PAR had normal
growth , duplication and aspects. (15,16).
A therapy with the antioxidant ascorbate of potassium
with ribose (Ac.L-Ascorbic mg150, D-Ribose mg3)
may reduce cancer development and helps during
chemotherapy and Rx therapy, that induces a greater
production of free radicals (12).
Prevention and therapy of prostate cancer with PAR
may be useful in:

1- patients with the polimorphism GPX1;
2- prostate adenoma;
3- prostate cancer;
4- familiarity for prostatic cancer;
5- tumour in other organs with the risk to develop
a second cancer.
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CONCEPTUAL BASIS
Deformation in the Apennine belt mainly develops by
the seismic and aseismic activation of major shear frac-
tures (faults).  It is known that each strong earthquake
triggers a perturbation of the strain field that propa-
gates in the surrounding regions with velocities com-
prised between tens and more than 100 km/year  (e.g.,
Viti et al., 2003).  When in one of such zones the in-
crease of strain and strain rate has an adequate ampli-
tude and characteristics compatible with the nature and
geometry of the faults, induced earthquakes may occur.
This implies that the space-time distribution of major
shocks  may considerably influence the deformation in
the crust and thus seismic activity in the zones tecton-
ically connected with the ones previously activated.
The effects of this interaction between seismic sources,
and in particular the tendency of this phenomenon to
repeatedly occur with similar features in the same
zones,  have been recognized in some sectors of the
Mediterranean area  (Mantovani et al., 2008, 2010,
2012a,b). For instance,  it has been pointed out  that in
the last two centuries (i.e. the most complete and reli-
able part of the seismic catalogue)  all major earth-
quakes in the Southern Apennines have been preceded
within few years by strong events in the Southern Di-
narides, a zone lying on the opposite side of the Adri-
atic sea. Another significant interrelation has been
recognized between the strong shocks of Calabria and
the ones of the Hellenic Arc (from Crete to Cefalonia
island) for the time interval 1600-2011  (Mantovani et
al., 2008, 2012a,b). 
The influence of the above phenomenon (postseismic
relaxation) on the space-time distribution of major

earthquakes in  the whole central Mediterranean re-
gion is suggested by the analysis of the related seismic
history  since 1600  (Mantovani et al., 2008, 2012b; Viti
et al., 2009). In particular, it has been pointed out that
the most intense seismicity tends to systematically mi-
grate form the Hellenic Trench to the northern Adriatic
zones (Eastern Alps and Northern Dinarides) through
the periAdriatic regions. In the next paragraph atten-
tion is focused on the examples of the above phenom-
enon in the study area.

TECTONIC PROCESSES AND SEISMICITY IN THE APEN-
NINE BELT

Present knowledge on geodynamics and recent evolu-
tion of this area (Mantovani, 2005; Mantovani et al.,
2007, 2009, 2011; Viti et al., 2006, 2009, 2011) suggests
that main deformation in the Apennine belt and the re-
lated seismic activity are generated by the relative mo-
tion between the outer sector of the belt (driven by the
Adriatic plate)  and the almost fixed inner part of the
belt (Fig.1). 
During the last million of years the oblique divergence
between these two sectors of the Apennines causes the
sinistral extensional and transtensional deformation in
the axial part of the belt, with the formation of normal
faults and troughs, associated with the strongest earth-
quakes, form  the  Irpinian zone to the Lunigiana-
Garfagnana troughs (Viti et al., 2006; Mantovani et al.,
2009). 
The decoupling between these two sectors is periodi-
cally accelerated by the strong earthquakes that hit the
axial part of the belt. A number of papers (Mantovani
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et al., 2009, 2010, 2012a,b; Viti et al., 2009) has pointed
out that this tectonic scheme can plausibly explain the
distribution of the strong shocks that have occurred
during the four most intense seismic sequences in the
Apennine belt (1349-1361, 1456-1461, 1688-1706,
1910-1920). 
Important insights into how the interaction between
seismic zones is influenced by the propagation of the
the postseismic perturbation are provided by the study
of the last sequence. The main seismic phase has in-
volved the strong (magnitude M = 7 and intensity I =
XI  in the MCS scale) 1915 Fucino earthquake (central
Apennines) and the series of shocks of M > 5.5 that oc-
curred in the northern Apennines in the 1916-1920
time interval (Fig.2).
The present knowledge of the Apennine tectonic set-
ting suggests that the earthquakes occurred during the
above sequence have been associated with the kine-
matic scheme shown in figure 3. The Fucino event re-
sulted from the activation of the fault system that
allowed transtensional decoupling between the eastern
(ELA) and western sectors of the Lazio-Abruzzi carbon-

ate platform, in the central Apennines. After this seis-
mic sliding, the ELA block suddenly underwent a
roughly NW ward movement of about 1-2 metres, con-
siderably increasing its push on the adjacent northern
Apennines, i.e. the Romagna-Marche-Umbria block
(RMU in figure 3a). The consequent displacement of
the RMU block, roughly NNE ward,  first caused trans-
pressional deformation at its outer border (two intense
shocks in the Riminese zone, 1916, M = 5.9, 6.1 and I
= VIII), where it interacts  with the Adriatic domain,
and then had effect (1917 Monterchi, Upper Tiber val-
ley, M = 5.9, I = IX-X) at its western side, where it sep-
arates from the inner part of northern Apennines
(Fig.3b). This phenomenon has then affected the north-
ern sector of the RMU block (Fig.3c),  producing an
earthquake in the Romagna Apennines  (1918, M = 5.9,
I = IX) and in the Mugello basin (1919, M = 6.3, I = X),
and then the Tuscany-Emilia block (TE in figure 3d),
causing a strong earthquake in the Lunigiana-Garfag-
nana zone (1920,  M = 6.5,  I = X).  
In the following period (1921-1930), other numerous
moderate to intense shocks have occurred along the
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Fig.1 - Tectonic set-
ting and block kine-
matics in the central
Mediterranean, com-
patible with the post-
middle Pleistocene
deformation pattern
(Mantovani et al.,
2009). 1-2) African
and Adriatic conti-
nental domains. 3)
Ionian oceanic do-
main. 4) Outer sector
of the Apennine belt
dragged by the Adri-
atic plate. 5,6,7)
Main compressional,
extensional and
strike-slip lineaments
respectively. Blue ar-
rows depict the long
term (Pleistocene)
kinematic pattern
with respect to Eura-
sia. Red and green
points respectively in-
dicate the epicentres
of major and minor
earthquakes occurred
in the 1600-2011
time interval. CA =
Central Apennines,
Ce = Cephalonia
Fault, NA = North-
ern Apennines, SA =
Southern Apennines,
SEA = Southern
Eastern Alps.   



outer border of the RMU and TE blocks;  the most sig-
nificant have hit the Senigallia zone in 1924 (M = 5.3),
the Bologna zone in the 1929 (M = 5.3) and again the
Senigallia zone in the 1930 (M = 5.8). 
The above example provides an important evidence on
the fact that seismic sources may interact.  Indeed, one
could hardly explain why such an anomalous seismic
behaviour of the northern Apennines (concerning the
number and magnitude of shocks) has just followed
the strongest earthquake ever occurred in the Fucino
fault system, without assuming an underlying tectonic
connection between the two zones involved.

QUANTIFICATION OF THE POSTSEISMIC PERTURBATION
The hypothesis that the earthquakes occurred  in the
1915-1920 time interval are related to each other by a
tectonic mechanism and postseismic relaxation is sup-
ported by the results shown in figure 4, which shows
the time pattern of the strain rate induced by all previ-
ous events in the zones hit by strong earthquakes in
the period considered. Attention is focused on this pa-
rameter since it considerably influences the probability
of the induced shocks. Indeed, a sudden increase of
this quantity may significantly emphasize the brittle
behaviour of rocks and thus the arrival of the largest
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Fig.2 - Epicentres (circles) of the main shocks occurred from 1915 to 1920, drawn on  the tectonic/kinematic sketch of the central-northern Apen-
nines (Mantovani et al., 2011, 2012b). The circle size is related to the magnitude (M) of the earthquake (scale on the bottom left). The number
inside the circle indicates the year of the shock: January, 13 1915 Fucino (Avezzano), M = 7; May, 17 and August, 16 1916 Riminese, M = 5.9
and M = 6.1 respectively; April, 26 1917 Upper Tiber valley (Monterchi), M = 5.9; November, 10 1918 Romagna Apennines, M = 5.9; June, 29
1919 Mugello, M = 6.3; September, 7 1920 Lunigiana-Garfagnana, M = 6.5. Colours indicate the two main mobile blocks of the northern Apen-
nines: Romagna-Marche-Umbria (RMU, green) and Toscana-Emilia (TE, blue). The belt-parallel shortening of the Apennines is produced by
the large-scale geodynamic context shown in figure 1 (Mantovani et al., 2009). The outward extrusion of RMU and TE blocks, indicated by small
gray arrows, is induced by the push (large arrow) of the eastern sector of the Lazio-Abruzzi platform (ELA). Extensional tectonic features (normal
faults) are reported in red; strike-slip faults and compressional lineaments (reverse faults, thrusts and folds) in blue. Aq = L’Aquila fault system,
Fu = Fucino fault system, Ga = Garfagnana, Lu = Lunigiana, Mu = Mugello, RA = Romagna Apennines, UTV = Upper Tiber valley.



values of strain rate would correspond to the highest
probability of sliding of the faults involved (e.g., Viti
et al., 2003).  
Figure 4a  shows that in the Riminese zone the two
major earthquakes (May and August 1916) has oc-
curred when the strain rate induced by the 1915 Fucino
event reached its highest values. The second diagram
(Fig. 4b) indicates that the April 1917 Monterchi event,
in the Upper Tiber valley, has occurred when the sum

of the effects of the Fucino and Riminese events
reached the highest values. A good correspondence be-
tween the time of the postseismic strain rate peak and
the occurrence of the induced shock can be noted as
well for the events that struck the Romagna Apennines
in November 1918, the Mugello basin in June 1919
and the Lunigiana-Garfagnana in   September 1920
(Figs. 4c,d,e respectively). 
What comes out from this example is so clear and sig-

48

JOURNAL OF THE SIENA ACADEMY OF SCIENCES, PUBLISHED SINCE 1761 - VOL.3 - 2011

Fig.3 - Tectonic interpretation of the earthquakes occurred in the central-northern Apennines during the seismic sequence 1915-1920 (tectonic
symbols as in figure 2). A) The 1915 Fucino shock causes the decoupling of the eastern Lazio-Abruzzi platform (ELA) from its western sector. B)
Stressed by the push of ELA, the  Romagna-Marche-Umbria block (RMU) moves outward, inducing seismic activity along its outer and inner
margins (1916 Riminese and 1917 Upper Tiber valley shocks respectively). C) The northernmost sector of RMU also moves, causing strong earth-
quakes along the inner edge of that sector (1918 Romagna Apennines and 1919 Mugello shocks). D) Being pushed by RMU, the Toscana-Emilia
block (TE) moves by seismically activating its inner margin (1920 Lunigiana-Garfagnana earthquake). 



nificant that removes any reasonable doubt about the
fact that major earthquakes in the central and northern
Apennines are related to each other. Consequently, the
possibility of obtaining significant information on the
future distribution of major earthquakes in the study
area may now be considered a reasonable objective, at
least in the central/northern Apennine belt. However,
the recognition of the zones most prone to next strong
earthquakes is not always as simple as in the case de-
scribed above, so that problem must be approached by
an accurate analysis of the entire known seismic his-
tory in the study area, taking into account the seismo-
tectonic setting and the expected effects of postseismic
relaxation in the cases considered. The results so far
obtained by such investigation in Tuscany are de-
scribed in two publications edited by the Regione
Toscana (Mantovani et al., 2011, 2012b). 
The quantification of the postseismic relaxation trig-
gered by a strong earthquake may allow us to predict
its possible effects in the surrounding regions. How-
ever such computations are only approximate, due to
our insufficient knowledge of the real structural and

rheological features of the crust-mantle system in the
study area.  A considerable help to approach such
problem may come from geodetic observations, for ex-
ample the ones carried out by a Global Positioning Sys-
tem (GPS) network, in that numerical modelling of
postseismic relaxation induced by strong periAdriatic
earthquakes (Viti et al., 2003; Cenni et al., 2008, 2012)
shows that the amplitude of the expected effects may
well exceed the accuracy of GPS measurements. 
In the framework of an investigation sponsored and co-
hadiuvated by the Regione Toscana, the data acquired
by more than 300 GPS permanent stations are currently
analysed to monitor the present velocity and related-
strain field in central and northern Italy (Cenni et al.,
2012; Mantovani et al., 2012b).
If, for instance, a strong earthquakes would strike the
central Apennines again, we could monitor the migra-
tion of the postseismic perturbation triggered by such
event, making thus much easier to predict when the
value of strain rate will be highest in the various seis-
mic zones of the northern Apennines. An example in
this direction is given by the analysis of the preseismic,
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Fig.4 - Effects of the postseimic perturbation, computed in the zones of northern Apennines hit by the strong earthquakes occurred from 1916 to
1920. The adopted procedure is based on the Finite Element modelling of the stress diffusion in the crust-mantle system. An exhaustive description
of the methodology and model parameterization is given in Viti et al. (2003), Cenni et al. (2008), Mantovani et al. (2008, 2012a,b). A) Time
pattern of the strain rate induced in the Riminese zone by the 1915 Fucino earthquakes. The vertical line marks the position of the two 1916
Riminese shocks. B) Time pattern of the strain rate induced in the Upper Tiber valley by the Fucino and Riminese earthquakes. The vertical line
marks the position of the 1917 Monterchi shock.  C) Time pattern of the strain rate induced in the Romagna Apennines by the Fucino, Riminese
and Upper Tiber valley earthquakes. The vertical line indicates the position of the 1918 Romagna Apennines shock. D) Time pattern of the strain
rate induced in the Mugello zone by the Fucino, Riminese, Upper Tiber valley and Romagna Apennines earthquakes. The vertical line indicates
the position of the 1919 Mugello shock. E) Time pattern of the strain rate induced in Garfagnana by the Fucino, Riminese, Upper Tiber valley,
Romagna Apennines and Mugello earthquakes. The vertical line indicates the position of the 1920 Lunigiana-Garfagnana shock.



coseismic and postseismic displacement and velocity
fields, based on GPS data acquired before and after the
April, 6 2009 L’Aquila earthquake, M = 5.8-6.3 (Cenni
et al., 2012). In this case, the postseismic perturbation
of the GPS velocity field can be detected up to tens of
kilometers from the epicentral zone. However, numer-
ical modelling of postseismic relaxation suggests that
the amplitude of the strain perturbation induced by the
above shock is not sufficient to trigger significant seis-
mic activity in the northern Apennines.  
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INTRODUCTION
This paper presents the recent results of the
TrapRad/Francium collaboration whose final aim is the
measurement of the Atomic Parity Non Conservation
effect (APNC) in Francium atoms stored in a Magneto
– Optical Trap (MOT). 
Parity is an atomic property related to the invariance of
the atom as a whole under inversion of the spatial co-
ordinates (mirror invariance). In particular, the energy
states of an atom have a specific Parity, according the
Electromagnetism, describing the interaction between
the charged nucleus and the external electron respon-
sible for the optical properties. This characteristic is
broken by the weak interaction that also predicts an
exchange of a Z

0
boson between a nucleon and an elec-

tron: as a consequence, selection rules in the atomic en-
ergy jumps are modified, even if the effect is
dramatically small and thus very difficult to detect. 
In order to have the possibility of a comparison of the
theoretical prediction and the actual experimental data,
it is fundamental to choose an “easily calculable” atom;
this means to consider an alkali species, because the
first group elements have the electron configuration
which is formally treatable with relatively low com-
plexity due to its similarity to that of Hydrogen, the
simplest atom. At the same time, it is important to
choose an atom with high atomic numbers (Z, A), be-
cause the probability of a boson exchange increases
significantly, both due to the high number of nucleons
and the importance of electron trajectories close to nu-
cleus, where the screen given by all other electrons is
canceled. 
The heaviest alkali and therefore the best candidate for

APNC studies is Francium (Z=87), which unfortu-
nately does not exist in stable forms: all the isotopes
are radioactive with the longest half time limited to 22
minutes. Due to this fact, Francium has to be produced
in a nuclear reaction, given by the continuous bom-
bardment of a high energy charged beam on a solid tar-
get. After production, the only possibility to study
Francium is collecting atoms efficiently and maintain
them fixed in a small volume of space for all their short
lifetime. The only way to accomplish this goal is by ex-
ploiting the simultaneous action of resonant laser light
and a controlled magnetic field gradient: laser beams
decelerate (“cool”, as low matter velocity is associated
to low temperatures) and pushes atoms in a small vol-
ume corresponding to an energy minimum (potential
well) created by the magnetic gradient, where they are
“trapped”. This is the basic description of a Magneto-
Optical Trap (MOT). Our project is the only operating
at the moment in the world, and it comes after a pio-
neer work of Orozco at Stony Brook [1] while in
Canada [2] and Japan [3] other collaborations are
building new facilities.

METHODS

The TrapRad/Francium experiments are located at the
Legnaro National Laboratories of Istituto Nazionale di
Fisica Nucleare (INFN), close to Padova, where a ded-
icated line has been constructed [4], as schematically
shown in Fig.1. The energy down scale is impressive,
spanning 17 orders of magnitude: at the beginning, an
oxygen ion beam accelerated by a Tandem Linear Ac-
celerator at around 100 MeV contains the projectiles
hitting a Gold target at rest kept at high temperature.
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The nuclear reaction is therefore defined as fusion
evaporation: 197Au + (18O,xn) 215-xFr + xn.
where x varies from 3 to 6. Reaction products have still
a 10 MeV energy, which is rapidly dissipated in the tar-
get. Tuning oxygen energy gives different ratio in the
isotopic production, as demonstrated by Fig.2, based
on the transmutation decay of Fr where an alpha par-
ticle is generated and detected by a Silicon counter
(SSBD) associated to the proper electronics and data
acquisition system.

Fig 1. Sketch of the LNL beam line for the Fr+ produc-
tion. In the top left corner the scattering chamber (SC) is depicted.

After production, Fr+ are transported by the secondary line the actual
MOT laboratory for neutralization and laser cooling (Lower right

corner).

The selected Oxygen energy gives a maximum rate for
Francium with A=210 a.m.u.. Gold has a work function
higher than the ionization energy of Francium in such
a way that exciting Fr is ionized. The target is kept at a
temperature close to melting point to favor diffusion
out of it. The ions are taken away by the “scattering
chamber” via a combination of elements generating
static electric fields and both focusing and steering the
beam: this 8 meter long transport line moves the ions
at 3 keV towards the laser laboratory. 

Fig 2. � particles spectrum generated by the Fr isotopes
measured by a Silicon detector (SSBD).

204At is a by-product of the decay chain of 208Fr.

Ions are implanted in a rectangular Yttrium foil of area

less than 1 cm2, where ions are neutralized. As a con-
sequence, neutral Francium atoms diffuse out of the
foil with the help of a temperature close to 1000 K,
therefore at energies of the order of a fraction of eV. The
neutralizer is placed in a spherical pyrex cell, shown
in Fig.3, that has been optically worked by soldering
6 optical high quality windows along three mutually
perpendicular axis through which laser beams can
propagate without distortion. All the line is main-
tained in high vacuum regime by many and different
type pump systems: in the cell the vacuum limit is
about 5x10-9 mbar and this condition is very stringent
as background gas easily destroys the trap by collision
with the trapped atoms.

Fig 3. Close-up of the Pyrex glass MOT cell.
The two coils for generating the magnetic field gradient are clearly

visible in the left and right portion of the image. In the lower left por-
tion, it is possible to see the Y neutralizer inside its dedicated casing.

Red arrows pointing to each of the six cell windows indicate the pres-

ence of infra-red laser beams.

The laser system necessary to get the cooling and the
trapping processes is formed by a Titanium – Sapphire
solid state laser operating at 718 nm and pumped by
an Argon ion laser, plus a free running diode laser at
817 nm. The combination of the two light sources ex-
cites (and maintains excited) Francium on the transi-
tion from the ground state 7S

1/2
(sublevel F=3) to the

first excited state 7P
3/2 

(sublevel F’=4). The laser beams
are moved to the cell by an optics line, divided in 6
beams, properly polarized and expanded by six tele-
scope until a size of about 4 cm in diameter, in order to
fill by light as much cell volume as possible (Fig. 3).
This excitation, provided a proper frequency red-de-
tuning, produces a deceleration of Fr: atoms are slowed
down from some hundreds meter per second to a ve-
locity of the order of some mm/s. In this way, lasers
transform the free space of flight in a sort of dense vis-
cous medium and are therefore called optical molasses.
The final trapping condition is guaranteed by the pres-
ence of a magnetic field gradient (see the black-covered
coils in Fig. 3), which at the same time creates a poten-
tial well adding a restoring force for the atoms and de-
fines the point where the trap will be formed.
Trapped atoms can be detected because of light spon-
taneously emitted after continuous laser excitation. In
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this sense the trap is seen as a small continuous “lamp”
located in the central zone of overlapping of the six
laser beams and the minimum of the magnetic field.
The resulting trap volume occupies in our case less
than 1 cubic millimeter. The fluorescence light is more
intense as more atoms are loaded into the MOT: unfor-
tunately the Francium production and trapping rate is
very small and then the “lamp” is limited to something
as some picoWatts of light power. This makes neces-
sary the use of a sensitive dedicated detection system:
a very sensitive cooled CCD camera allows the detec-
tion of  the light emitted by only 30  atoms (30 fW),
provided the implementation and the use of a proper
automatic procedure via software which controls, ac-
quires and processes the signal generated by the CCD
[5]. Because of the high competition between the many
experiments and collaborations which benefits from
the LNL Tandem accelerator, only 10 days of beam time
per year are available. It is imperative then to develop
alignment and test procedure to be performed off-line,
in order to have the whole apparatus ready for the
beam time and the actual APNC measurements. The
solution is to use stable atoms, easy to be handled, in
order to perform tests and optimization of the appara-
tus whenever required. The chosen species is 85Rb: a
solid Rb source is installed close the Gold target and is
capable to generate an ionic Rb+ beam which follows
the same path and the same processes as Francium, in
order to monitor the functionality of the line. By ex-
ploiting a different combination of laser source is then
possible to trap also Rubidium in the MOT cell in
order to try, test and validate techniques and proce-
dures that will be used on-line once the Oxygen beam
is available. In fig.4 an example of an image of a Rb
trap taken and processed by the CCD camera and the
data acquisition system is shown.

Fig. 4 – Detail of the custom designed software work-
ing interface for CCD control and image elaboration:
real time imaging and measurement of a Rb MOT.

In the left part of the image the fluorescence emitted by the cloud of cold
atoms trapped in the MOT is clearly visible (white) after the acquisition
and elaboration (weighted background subtraction) of the CCD image.
The system is carefully calibrated in order to measure the number of

atoms in the MOT (yellow number in the right portion). The lower part
of the image shows the temporal evolution of the number of the trapped
atoms. In this case, laser where periodically moved from the correct fre-

quency tuning, causing periodical vanishing of the MOT

.

RESULTS
We will present here the main results of these years
and some interesting perspectives. 
First of all, we have successfully trapped three different
isotopes of Francium: those corresponding to Atomic
mass 209, 210 and 211 a.m.u., as shown in fig.5, where
the CCD images of the three cases are reported. More-
over, we have measured with unprecedented precision
the trapping frequencies of these isotopes [6], reaching
something of the order of 2 parts over one billion. As a
side effect, we were also able to measure the diffusion
coefficient of both Fr and Rb in Yttrium, introducing a
new, very sensitive method for determining this im-
portant experimental parameter [7].

Fig. 5 – Images of the three Francium isotopes MOT.
From left to right: false color reconstruction of 8000 trapped atoms of
210 a.m.u. Fr, 3D false color reconstruction of 180 trapped atoms of
209 a.m.u. Fr, direct vision of 200 trapped atoms of 211 a.m.u. Fr.

The population of our traps is at the moment under the
threshold of an APNC measurement. More recently, we
have spent a lot of efforts to increase the overall effi-
ciency of the apparatus, which implies to separately in-
crease the production, the transport, the neutralization
and the trapping efficiency. 
For example, we have further studied the complicated
dynamics related to the release of atoms by yttrium,
and the subsequent cooling and trapping by lasers. In
Fig.5 a graph of the Rubidium ionic beam effect is
shown. When the beam is switched on, the trapped
atom number goes from zero to a value related to the
intensity of the beam and to the efficiency of the release
plus the trapping process. When the ionic beam is
switched off, the trap population and thus its fluores-
cence goes back to zero.

Fig. 6 – Rubidium ionic beam trapping dynamics study 

The rising time of the signal is an indirect indication
of how fast the neutralization proceeds inside the foil.
We are modeling the processes via a mathematical sys-
tem of rate equations that can be analytically solved in
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terms of a set of parameters to be extracted by fit pro-
cedures. 
Another delicate question is what happens when an
atom in vapor phase collides with the cell walls. A very
bad consequence can be the adhesion (adsorption) of
the atom on the surface: since those atoms are poten-
tially lost, this phenomenon should be possibly ex-
cluded or, at least, reduced. A well tested method to
contain this phenomenon is to coat the pyrex wall by
an organic polymer, able to ensure elastic – type colli-
sions and to maintain the number of atoms in the vapor
phase without significant losses. Anyway, an accumu-
lation of atoms inside the surface is inevitable. Never-
theless, the bound energy in the case of a coated surface
is one order of magnitude smaller and even a simple
photographic flash can detach stored atoms from the
walls and make them available again for trapping. In
Fig.6 an example of this phenomenon, named Light In-
duced Atomic Desorption (LIAD) [8], is given for Ru-
bidium atoms. Also in this case, we start from a
situation where the trap is absent and the flash gener-
ates a huge cloud of alkali atoms that is immediately
captured by laser beams; the long fluorescence tail to-
wards zero is a signature of the very good vacuum con-
dition reached in the MOT cell. We want to apply
LIAD also in the case of Francium. 

Fig. 7 – Light Induced Atom Desorption trapping of
Rubidium 

At the same time, apart from optimization skills, we
have elaborated a new strategy that, in a simple but ef-
fective way, allows for detection of transfer of atoms
from a MOT level to a highly excited level. This is im-
portant as we want both to look for yet undetected en-
ergy states and to test our ability to be more and more
sensitive, in the APNC measurement perspective [9].
The method consists in the study of the effect of an ex-
citation laser beam, resonant with a transition connect-
ing the ground/first excited state towards other levels.
Scanning the laser frequency gives a change in the
number of trapped atoms, depending on the laser in-
tensity and on the transition amplitude. In Fig.8 we
show the result for a Rubidium line that has a viable
Francium counterpart; it is interesting to underline that
the structure width is small in the limit of natural
linewidth due to very slow movement of trapped atom.
In the picture the signal level on the left and on the
right indicates the number of trapped Rubidium atoms
in the usual configuration; the x axis shows the fre-
quency position of the excitation laser. The three

downwards peaks, corresponding to a strong decrease
in the trapped atom number,  are the signatures of hy-
perfine resonant structures of 5P

3/2
- 5D

5/2
line. Relative

distances are both about 9 MHz, while the frequency
value of the excitation laser is 386341.08 GHz. 

Fig. 8 – Detection of Rubidium 5D5/2 line by trapped
atom number modification

CONCLUSIONS
We have built a facility for radioactive atom trapping
where Francium isotopes have been successfully
trapped. We are going towards an optimization of the
apparatus in order to get, step by step, the possibility
of a detection of APNC signals. The application of very
high precision atomic spectroscopy to nuclear physics
is an interesting interdisciplinary effort that can give
new insights on fundamental physics problems as well
as to technical developments.
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CLINICAL CASES

INTRODUCTION
Limb-Body Wall Complex (LBWC) is a descriptive
name for a congenital defect which usually includes at
least two of the following characteristics: abdominal
and/or thoracic body wall defects (in almost all pa-
tients), exencephaly or encephalocoele with or without
craniofacial defects (56%) and spinal defects such as
scoliosis or kyphoscoliosis associated with marked ver-
tebral or sacral defects (95%). (1) It is also associated
with defects of the interiors organs, such as diaphrag-
matic atresia (74%), renal agenesis, intestinal atresia,
gallbladder atresia, heart defects, lung hypoplasia, hy-
drocephalus and limb defects and genitalia anom-
alies(2,3). 
This severe and rare malformation complex has a
prevalence ranging from 1/7.000 to 1/42.000(2,4,5). 
The pathogenesis of this malformation is not clear and
it has been a matter of debate in the literature
(2,3,6,7,8). 
We present a case report of an infant with Limb Body
Wall Complex, borned by diamniotic twin pregnancy.

CASE REPORT
Child born from diamniotic dichorionic twin preg-
nancy by caesarean section at 33 weeks. The first pre-
natal ultrasound reported an healthy fetus and a fetus
with omphalocele. An ultrasound, performed at our
hospital at 31 weeks +5, confirmed the presence of two

fetuses in cephalic presentation, posterior placenta
grade II and the presence of multiple malformations in
the fetus placed on top and left. In particular, it re-
ported a large abdominal wall defect (37 mm), imper-
forate anus, neural tube defects and abnormalities of
the urinary tract. It was done an initial diagnosis of
OEIS complex (omphalocele, bladder exstrophy, im-
perforate anus and spinal defects). It was also noted
probable cardiac malformation and anomalies of the
lower limbs, clubfoot and arthrogryposis.
The birth weight was 1000 grams and the twin
weighed 1820 grams. The APGAR at 1st and 10th
minute was 4 and 5. Vital signs were stable (PA 44/22,
SatO2 92% FC 139 bpm). The patient has been intu-
bated and sedated. At the physical examination we
found a big defect in the abdominal wall (4.5 cm), with
evisceration of ileum, stomach, spleen, liver and part
of the colon, the anus appeared to be well positioned
and patent. The external genitalia were characterized
by absence of scrotal sac and testicles, that have been
found in the abdomen later on during the operation, a
normal penis with normal urethral meatus. We placed
a vesical catheter (3.5 Fr) without any problem. The
chest was asymmetric, and no major deformities appear
in craniofacial region. The lower right limb had ptery-
gium of the knee and only 4 toes, clubfoot with ex-
treme valgus is evident on the left (Fig.1a-b).
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The patient was transferred to the Neonatal Intensive
Care Unit, with wet gauzes wrap to protect the eviscer-
ated organs. The  x-ray confirms the severe asymmetry
of the two costal arches, multiple costal-vertebral
dysostosis with the pelvis misaligned from the sacro-
coccygeal spine and femur, tibia and fibula of the right
leg hypoplasia (Fig.2)

The echocardiogram indicated patent Botallo’s duct

Fig.1a-b. physical examination at birth.

Fig.2. x-ray at birth: severe asymmetry of the two costal
arches, multiple costal-vertebral dysostosis with the pelvis mis-

aligned from the sacrococcygeal spine and femur, tibia and
fibula of the right leg hypoplasia.

with bidirectional shunt and mild circumferential peri-
cardial dissection, in the absence of other major anom-
alies. At 2 hours of life the patient has been operated.
We removed the amniotic sac above the eviscerated or-
gans, we put the stomach and the spleen in the abdom-
inal cavity, which is virtual, and positioned a
spring-loaded silo to protect the ileal loops, the sig-
moid colon and liver. He passed meconium in the 2nd
day of life. The brain ultrasound showed intraventric-
ular hemorrhage 3rd grade on the left and 2nd grade
on the right, with hyperechoic areas near the ventriculi
and at the level of the basal ganglia. The genetic tests
were in the norm, the QF-PCR showed normal 13, 18
and 21 chromosomes,  the karyotype was XY and the
array-CGH was negative. We reduced daily the silo. At
15th day of life we had complete reduction of the in-
testinal loops and liver in the abdomen (Fig.3).

Because of the high risk of sepsis we decided to close
the abdominal wall defect with a prosthesis made of a
pure collagen membrane with holes and placing on the
top a cryopreserved skin. The  general conditions of the
patient were very severe since birth, they became pro-
gressively worse, and he developed mixed acidosis,
thrombocytopenia, increased cretininemia, anuria, se-
vere jaundice, generalized edema and pulmonary
edema. The patient had a blood colture positive for
candida parapsilosis as well. The baby died in the 21st
day of life.

DISCUSSION
Congenital malformation of the ventral abdominal wall
occur in many forms, ranging from exomphalos to more
complex malformations, depending on the severity of
the defect and associated malformations(8). The case
we presented is part of a more severe malformation
called Limb Body Wall Complex (LBWC) characterized
by a defect of the abdominal wall associated with seri-
ous spinal, skeletal defects and external genitalia mal-
formation.
The pathogenesis of LBWC has been a matter of debate
in the literature and three mechanisms have been pro-
posed:

a) early amnion rupture, often because of a trauma(6); 

Fig.3. 15th day of life: complete reduction of the intestinal
loops and liver in the abdomen.
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b) embryonic circulatory failure leading to vascular disrup-
tion(2,3); 
c) embryonic dysgenesis due to malfunction of ectodermal
placodes(7).

Russo et al. and Cusi et al. afterwards propose two dif-
ferent phenotypic expression of LBWC depending on
the placental adhesion(9,10,11):

1. Fetus with craniofacial defects such as exencephaly or fa-
cial cleft. In these cases usualy there is cranioplacental at-
tachment characterized by an adhesion between the skull
defect and the amnion that is intact and covers the cerebral
tissue(12). 
2. Fetus without craniofacial defects, but with thoracic
and/or abdominal ventral body defects combined with limb
defects. In these patients there is thoraco- and/or abdomino-
placental attachment characterized by an amniotic sheet
that connects the skin margin of the ventral body wall defect
to the placental surface. This sheet forms a hollow tube con-
taining the eventrated organs and represents a persistent
connection between the intra- and extra-embryonic celomi
cavity. The umbilical cord is not well-formed(12).

Our patient did not have craniofacial defects, and he
had all the phenotypic characteristics of patients with
abdominal placental attachment. He presented, as in
most of these fetuses, abnormalities of the abdominal
wall and spinal cord, in association with defects of the
lower limbs, feet and fingers. During the caesarean sec-
tion it was seen the strict connection between the pla-
centa and the amniotic sac that covers the abdominal
organs, so that the gynecologist was forced to take
away the baby with the placenta with minimal disrup-
tion of the amniotic sac.
As shown in Literature this malformation is not asso-
ciated with specific genetic abnormalities, as well as in
our case the genetic tests are perfectly normal(2). 
In Literature there are no specific references to cases of
dizygotic twins with LBWC, but it seems to have a 12.5
times risk in monozygotic twins(2). 
The diagnosis of this severe malformation could be
done with prenatal ultrasound and it is possible since
the second trimester of pregnancy(12,13). The prenatal
ultrasound shows the parietal defect with eviscerated
abdominal organs and spinal defects, although it is not
easy to distinguish it from other malformation such as
OEIS complex, which is characterized by omphalocele,
bladder exstrophy, imperforate anus and spinal defects.
In most cases the pregnancy is not completed, due to
mother’s decision or to fetal problems that lead abor-
tion.  In our case, even if the prenatal diagnosis was
made early, the mother decided to bring their preg-
nancy at the end, because the other fetus was perfectly
healthy. Caesarean section at 33 weeks was necessary
to avoid further risks.
At birth, after a meticulous examination, we proceeded
to stabilize the patient and to perform the surgical cor-
rection of the abdominal defect. The defect of the ab-
dominal wall was very large, about 4.5 cm and the
abdominal cavity was completely inadequate to con-
tain the eviscerated organs. It was necessary to use a

spring-loaded silo and finally close the abdominal wall
with a prosthesis. The medical and surgical procedures,
directed toward the stabilization of the patient, did not
however permit the survival of the newborn. The gen-
eral conditions of these patients are often very severe
and even the literature shows how poor the prognosis
is(12,14,15). Most of these patients die during the an-
tenatal period and the babies born alive usually die
few days after birth. 

CONCLUSION
LBWC is a very serious malformation, which can be di-
agnosed prenatally. Once the diagnosis is done the
physician should offer the parents a therapeutic abor-
tion, and above all, in case they want to carry the preg-
nancy to term, we need to prepare them to the severity
of the malformation and the high probability of death.
Therefore, in these particular cases it is very important
the prenatal counseling done in cooperation by the gy-
necologist and pediatric surgeon, to make parents
aware of the low probability of survival these fetuses
have. In our case, the parents, aware of the seriousness
of the malformation, decided to bring their pregnancy
to term and this has allowed the other baby to be born
healthy and without any problems.
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INTRODUCTION
Classically the management of vesico-ureteral reflux
associated to poorly functioning kidney is nephrec-
tomy and total removal of ureter. However total re-
moval of ureter is not  always possible, especially if it
is ectopic. For this reason a distal ureteral stump (DUS)
may remain. Literature reports minimal late complica-
tions in DUS but when pathologic findings occur it is
necessary a patient’s surveillance and appropriate ther-
apeutic strategy.
Generally the diagnosis of DUS is clinical for presence
of infections, stones, tumors and obstruction with or
without concomitant infections. In others patients it is
described the “Stump Ureteral Syndrome” character-
ized by recurrent urinary infection, abdominal pain
and haematuria. Radiologic support is necessary to
confirm the diagnosis and a simple mintional retro-
grade cystouretrography can see the stump and its mor-
phology if refluxing. 
We present an assessment of patient with DUS post
total nephrectomy and our diagnostic and surgiacal ap-
proach.

CASE REPORT
M.S, a male born at term by natural childbirth after a
normal pregnancy. 
Fetal ultrasound didn’t show abdominal malforma-
tions. After the birth the baby presented many

episodes characterized by fever, abdominal pain and
urine culture showed the presence of many colonies of
Escherichia Coli. Also the patient showed important
growth retardation. For this reason when he was three
months of live abdominal ultrasound was performed
and it revealed a right renal hypoplasia (diameter 2,5
cm) and reduction of renal medulla while the left kid-
ney (diameter 6,5 cm) was normal. Scintigraphy with
DMSA confirmed the right renal hypoplasia and we
performed a voiding micturating cystourethrography
that showed a right grade 4 vesico-ureteral reflux.
When he was old 7 months of life right retroperitoneo-
scopic nephrectomy was performed with removal of
ureter by an additional incision on the flank. The his-
tological examination confirmed the renal hypoplasia
and dysplasia with disorganization of muscle fibers of
pieloureteral junction and ureter. The patient was dis-
charged in seventh day and there weren’t complica-
tions like fever, obstruction or UTI.
However the patient presented recurrent urinary infec-
tions after 4 years from the surgery and antibiotic ther-
apy was prescribed to the baby. 
We performed voiding micturating cystourethrography
that it showed the presence of urinary reflux in the
right distal ureteral stump also after total bladder
empty (Fig.1 a- b).  Because the parents did not accept
to continue antibiotic therapy surgical removal of
stump was necessary.
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DISTAL URETERAL STUMP: CASE REPORT
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Introdution. Distal Ureteral Stump is a residual ureter after total or partial nephrectomy. It is a rare complication and it also
appears many years after surgery. Majority of patients are asymptomatic but Literature reports patients with recurrent bac-
teriuria or haematuria, empyema, stones and tumors (transitional-cell carcinoma or renal-cell carcinoma).  We present one
case of diseased ureteral stump and surgical strategy.
Case Report. We report a case of a patient subjected to retroperitoneoscopic total nephrectomy when he was seven months
old for sympthomatic right vesico-ureteral reflux of IV grade and associated renal hypoplasia. These patient presented recur-
rent urinary infections after 3 years from the surgery and for this reason we performed voiding micturating cystourethrography
who revealed the presence of urinary reflux in the DUS. Because of this surgical removal of stump was necessary and during
2 months follow-up was normal and there weren’t surgical complications or UTI.
Discussion. Distal Ureteral Stump is a rare complication but possible after nephrectomy and it is due to partial excision of
ureter in the distal portion. Recurrent urinary infections are a usefull signal to subspect the presence of DUS and they are due
to persistent reflux of urine and dysfunctional voiding (reservoir) resulting in stasis and infections.
Therefore in all patients subjected to total or partial nephrectomy with recurrent urinary infections also after years, the pres-
ence of DUS should always be suspected  and radiological investigation must be performed for accurate management.
Keywords: nephroureterectomy, distal ureteral stump, vesico-ureteral reflux, stumpectomy.



Fig.1. Voiding micturating cystourethrography
a) distal ureteral stump after total bladder filling;

b) DUS after voiding phase.

a

b

SURGICAL TREATMENT
Cystoscopy was performed With the patient in the dor-
sal lithotomy position. It revealed the presence of nor-
mal left ureter and right ureter with stadium forms
who ended at dead end. After having positioned Fog-
arty’s catheter (Chatelier 6) in DUS to allow a simple
identification of it during the surgery, the cystoscopy
was extract.
Through Pfannenstiel incision, without enter in peri-
toneal cavity, bladder was individualized and then
DUS was identified back and isolated from all by-
standers anatomical structures like vas deferens.
Identification of DUS was facilitaded by Fogarty’s
catheter inside. Therefore DUS was closed at the base
by purse-string suture and excised before removing the
catheter (Fig. 2 a-b). 
After control of haemostasis, the surgical breack was
sutured in layers. Foley’s catheter was positioned in
the bladder to avoid overfilling and it was removed
after 3 days.
The patient was discharged in fifth day and he took an-
tibiotic for one week. There weren’t complications like
fever, obstruction or UTI. During 2 months follow-up
was normal and there weren’t surgical complications
or UTI.

DISCUSSION
Nephrectomy is currently the treatment of choise in pa-
tients with vesico-ureteral reflux associated with hy-
poplasia and reduced renal function. In fact, is often
useless to try to save a kidney against endoscopic sub-
uretereal injection or  bladder’ surgery. Many tech-
nique are described to perform nephrouretectomy from
open approach to laparoscopic or retroperitoneoscopic
surgery. Therefore one of the measures of
nephroureterectomy is the complete removal of ureter
at its base to reduce risk of a distal ureteral stump and
urinary infections (1). Because of this Literature recom-
mends dual approach with complete excision of the
kidney and ureter (2). We performed for this reason an
incision on the flank but ureter was ectopic and it is
impossible a complete excision of it. Many studies
about  refluxing ureteral stump in a duplicated system
suggest that an ectopic ureteral stump does not neces-
sarily predispose to complications like recurrent uri-
nary infection and then stumpectomy is not always
necessary.
In fact the ureteral stump left after total or partial
nephrec- tomy for primary vesicoureteral reflux pres-
ents a low rate of complications even when there is a
high-grade reflux. 
Cain et al. reviewed the outcome of 38 refluxing
ureteric stumps after nephrectomy and hemi- nephrec-
tomy, with a follow-up of up to 13 years, and found
that only two patients (5%) required a secondary pro-
cedure to remove the DUS because of breakthrough
UTIs. These two patients were girls with additional
risk factors for UTI, i.e. contralateral reflux and urete-
rocele (3). Androulakakis et al.  showed their long-
term experience with the outcome of both refluxing
and nonrefluxing DUS. Only one of 89 patients  re-
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quired a secondary operation to remove the DUS, be-
cause of recurrent episodes of haematuria and bacteri-
uria despite antibiotic treatment (5). 
Pathogenicity of DUS is due to its poor peristaltic ac-
tivity, which  don’t prevents urinary stasis. Because of
this a long refluxing stump inevitably acts as a diver-
ticulum from which urine cannot be effectively
drained. Another significant observation is the role of
dysfunctional voiding in causing acquired reflux into
a long DUS, leading to urinary stasis and infection (3,
4). This occurred many years after partial ureterectomy
contradicts the view that the lumen of ureteric stumps
becomes occluded by fibrosis soon after the operation.
The complications of DUS are not only recurrent uri-
nary infections but also empyema, stones and tumors
(transitional-cell carcinoma or renal-cell carcinoma) (6,
7). Therefore the surgical removal of the symptomatic
DUS  must always be perfomed in this patient because
it is safe, it leads to a regression of symptoms and re-
duced the risk of much more serious complications. Al-
though there have been reported cases in which the
resolution of DUS was performed by endoscopic elec-
trofulguration ,occlusion of the stump with Teflon
paste (8) or laparoscopic management, we preffered a
little Pfannenstiel incision. In fact we have obtained a
good exposition of ureteral stump without opening the
abdominal cavity and with the safety to completely re-
sect the stump. So our patient has been feed immedi-
ately and we minimized the risk of recurrence of
stump. In conclusion, when of distale ureteral stump
is suspected, all patients presenting recurrent urinary
infection after a nephroureterectomy, must undergo a
carefull radiological investigation particulary the void-
ing micturating cystourethrography.
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Fig.2. Stumpectomy after Pfannenstiel incision:
a) DUS was identified and isolated from all bystanders anatomical structure;

b) After closure of DUS by purse-string suture, it is removed at the base.
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A graduate of Medicine, when that Faculty was still re-
sponsible for the education of naturalists, Linnaeus is
known primarily for the creation of a standard for sys-
tematic categories. Until then, classification was at
times by different couples, at other times by different
triplets (by species and classes, by species, families, or-
ders, and so on). However, the Swedish naturalist con-
ceived a system based on five units (classes, orders,
genera, species, varieties), which was soon adopted by
the whole scientific community. The fact that it derived
from philosophical tradition (by admission of Linnaeus
himself, following Aristotelian logic: Genus summum,
Genus intermedium, Genus proximum, Species, Individuum)
turned out to be a strength rather than a weakness.
The Swedish naturalist created a new standard for the
criteria of ordering. Until then  botanical classification
was based exclusively on the leaves (L’Obel), the
seed (Cesalpino), the corolla (Tournefort), the peri-
carp (Boerhaave), the calyx (Magnol), and so on.
However, Linnaeus elaborated a principle of subor-
dination of characters: classes were identified accord-
ing to the number, form, position and proportion of
the stamens; within classes, orders were determined
according to the number, form, position and propor-
tion of the pistils; within orders, genera were delim-
ited according to the other parts of the flower; within
genera, species were determined according to the
parts of the fruit; within species, varieties were dis-
tinguished according to the other parts of the plant.
This was (as we would say today) a complex princi-
ple of weighted evaluation (the male genital organs
were primary, the female ones secondary, and so on),
which was known as the “sexual system” and en-
countered various difficulties in being accepted. This
was because the sexuality of plants (supposed by
Prospero Alpino in 1592, corroborated by Nehemiah
Grew in 1682 and confirmed by Rudolph Camerer
in 1694) was rejected by Giulio Pontedera, among
others, and would be variably contested again in the
1830s. Moreover, Linnaeus’ sexual system was the
target of both scientific and ideological criticisms
(the German botanist Johann Siegesbeck asked that
it be censored so that young people would not be
scandalized and corrupted: “who would have

thought that hyacinths, lilies and onions were so im-
moral? […] And who could expose this method to
young people without offending them?”).1 Finally Lin-
naeus himself undermined the idea, since he could not
apply the “sexual system” to the whole animal king-
dom: he also classified animals on the basis of the com-
plexity of the circulatory system, the respiratory
apparatus, the appendages.
However, despite encountering various difficulties in
being accepted, the sexual system also gained some im-
mediate approval and important applications in
botany, such as Georg Ehret’s Methodus plantarum sexualis
(1736: see fig. 1), a very effective visualization of the
Linnaean system (the Monandria were characterized by
a stamen and a pistil, the Diandria by two stamens and
one pistil, and so on), which hung in every profes-
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sional office and was exhibited in every botanical gar-
den. Linnaeus reorganized the botanical garden of Up-
psala into twenty-four beds, corresponding to his
twenty-four classes, which obviously did not coincide
with any of the previously identified sections. Thanks
to the application of rigorous criteria also in the zoo-
logical field, Linnaeus managed to provide an impor-
tant contribution to the ongoing rationalization of the
natural sciences. This was despite the fact that, due to
the objective difficulty in proceeding with empirical
controls, Linnaeus was still easy prey of the many fa-
bles still in circulation (in 1749, he did not hesitate to
set out on a journey to obtain the specimen of a mer-
maid stranded - he was convinced - on the coast of
Denmark). In the first edition of Systema naturae (1735),
he included myths like the unicorn or the vegetable
lamb of Tartary (which apparently grew near
Samarkand) among the Paradoxa - Absurdities.
The Swedish naturalist was also responsible for the
radical reform of nomenclature. This was not a mere
corollary of the taxonomic revolution, nor – as it might
seem – a merely formal operation. Botanists still named
plants by means of a long “phrase”, not by chance also
called “diagnosis”. It was a synthetic description of the
plant which, without the setting of any limit, was des-
ignated by five, seven and even sixteen terms: a species
of convolvolus was described as Convolvolus africanus
albus, seminibus calyce longissimo immersis, folio subrotundo,
ad unum plerumque latus crena singolari donato.2 This made
memorization, and thus the exchange of information,
virtually impossible. Recognizing a difficulty already
expressed by, among others, Pierre Belleval and John
Ray, Linnaeus wished to impose on all plants, as on all
animals, the same brief format, based on the surname-
name model, of only two terms: the first indicating the
‘family’ (the genus) of membership, the second the in-
dividual - the species. Thus was born the economical
but weighty generic-specific binomial still in use today
(Convolvolus scammonia, Canis lupus, Felix catus, etc.),
which compelled the Swedish naturalist to rename,
like a second Adam, all living things - an operation

completed in 1753 for the 7700 plants (Species plan-
tarum) and in 1759 for the 4400 animals (tenth edition
of Systema naturae). This was not, as I mentioned before,
the fruit of a merely formal operation: replacing the
“phrase” with the generic-specific binomial meant re-
placing the lacunose (yet cumbersome) morphological
description of a living being with the exact identifica-
tion of its place in nature. As we will soon see, this had
extraordinarily important implications.
A presentation of Linnaean systematics (even a sum-
mary) would be culpably incomplete if it did not in-
clude the place of man in nature. Linnaeus solved this
problem - perhaps the most delicate one of all - with a
choice that was in itself revolutionary and probably in-
fluenced Western culture even more profoundly than
his other work. The problem of man’s place in nature
was closely related to the common image of the anthro-
poid apes.3 The chimpanzee was known in a morpho-
logically acceptable manner: it had first been
illustrated in 16414 and then more correctly in 16995,
although it was narrated, for instance, that it ate at
table “no less properly than you would see doing a re-
fined courtier”, that it went to bed “like the most polite
of men”,6 and that it was endowed with such intelli-
gence as to perform domestic chores7 and could ably
play the flute and the zither.8 Nothing was yet known
of the gorilla, except for accounts of travellers who re-
ferred to it as a simian resembling man from both the
physical point of view (“it is very tall, has a human face
[…] and walks upright”) and the behavioural perspec-
tive (it uses tools, is organized socially and performs
complex rituals, such as that of burial)9, but who did
not illustrate it. The gibbon made its first appearance
between 1766 and 1768. Hence naturalists of the time
knew, in addition to the chimpanzee, only the orang-
utan. Yet, it existed only in the version furnished by
Jakob de Bondt in 165810, and it was narrated that it
was not only a bipedal creature of human appearance
but also chaste (“the female hides from men she does
not know”), capable of all emotions and even able to
speak. Indeed, if it did not speak, it was “to not be

forced to work”; re-
vealed to belong to
the human species
(in Malay, “orang-
utan” means “man of
the woods”), it
feared that it would
be immediately re-
duced to slavery.11

In compensation,
there existed for
some time a “rare
cercopithecus” that
appeared in 148612

and, extraordinarily,
survived thanks to
the first of the great
naturalistic ency-
clopaedias, pub-
lished by Conrad
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Gesner between 1551
and 1587, and the fact
that it was discussed
by Ulisse Aldrovandi.
Certainly this was an
animal, but it “could
be taken for a sav-
age”13 and was “en-
dowed with so much
intelligence that some
men are inferior to
it”.14

Linnaeus accepted
without question
these images (see
fig.2)15 and these de-
scriptions. This might
be considered unwor-
thy of his rigour, but
it must be considered
that nobody had been
able to check the ve-
racity of the travellers’
accounts and that it
was exactly his rigor-
ous nature that com-
pelled him to
consider everything
present in the litera-
ture. Thus he could
state that “it is a diffi-
cult enterprise to find
the specific difference
of man”16, and even
that “there is not a
single character al-
lowing the distinction of man from simian”,17 not even
from the point of view of intellectual performance: “the
stupidest simian differs so little from the wisest man
that one must still find the geodesist of nature able to
trace a line of division between them.”18 And from the
first edition of Systema
naturae, he took the
initiative - for the first
time in the history of
the natural sciences -
of classifying man in
the animal kingdom
(see fig. 3). However,
not even this was a
purely formal opera-
tion. It is true that in
classifying the genus
Homo in the order An-
thropomorpha (later
Primates) of the class
Quadrupedia (later
Mammalia), Linnaeus
was also influenced by
the credit given to the
many (too many) fa-

bles about apes still in
circulation; and it is
true that those fables
later led him to place
the orang-utan (since
it “thought”) not on
the borderline be-
tween Simia and Homo
but within the latter
genus: renamed Homo
nocturnus in the tenth
edition of Systema nat-
urae, the orang-utan
was assumed as a sec-
ond species of man.19

Yet, whatever can be
said about the broadly
debatable nature of
this great turning
point, and whatever
can be said about the
partially abstract and
artificial nature of
classifications (which
many simply consid-
ered a necessary but
purely conventional
tool), it must be recog-
nized that the
Swedish naturalist
was, by this method,
able to accelerate the
ongoing process of the
laicization of nature,
attempting a complete
“mundanization” of

man and initiating the transfer of anthropology from
the universe of letters and theology to the purview of
the natural sciences.
It should also be underlined that his new systematics
overturned the traditional idea of scala naturae. Lin-

naeus was also the
one who, together
with Vitaliano Donati,
promoted a new
image of nature:20

that of the “network”
or “map” (nature is
arranged “like the ter-
ritory on a geographi-
cal map”),21

consequent to the dis-
covery that there are
multiple, diversified
and cross relation-
ships among living
beings (because they
are variably distrib-
uted), which do not
allow us to align them
but rather compel us
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to arrange them in clusters, as if distributed in “con-
stellations” of bodies (see fig. 4).22

Finally it should be underlined that, in overturning the
traditional image of the scala naturae, the new Linnaean
systematics also overturned the idea of the absolute im-
mutability of nature. The Swedish naturalist is usually
presented as a champion of the most radical fixism
(and an unequivocally creationist fixism) since in his
works we find statements, which seem to be given
great importance, such as “there are as many species as
there are the forms created at the beginning of time”,23

which “have reproduced always remaining identi-
cal”.24 But these were purely rhetorical concessions. In
fact, Linnaeus supported a compelling evolutionary
theory, suggested to him by the pattern of the “geo-
graphical map” (within which species, arranged in
clusters, seemed to radiate from a common point) and
by the new systematics, which had inspired and en-
couraged him. Species were no longer included singu-
larly (the dog, the wolf, the fox...) and in isolation.
Thanks to the generic-specific binomial, they were
grouped (Canis domesticus, Canis lupus, Canis vulpes…) as
in ‘families’ characterized by the same ‘surname’, and
this not only underlined the numerous morphological
affinities, it also suggested close genealogical relation-
ships. The result was an interesting form of evolution
by hybridization,25 which Linnaeus could present as
the coherent development of already proposed hy-
potheses.
In 1721, Jean Marchant, who had discovered two new
varieties of Mercurialis, speculated - albeit in a single
place - that God had created a single type of plant (“a
model”) for each genus, and that “these models, or
founders of each genus, produced varieties, some of
which, remaining constant and permanent, gave rise to
the present-day species”.26 And in 1749, Johann
Georg Gmelin, who had discovered six new varieties
of Delphinium, published a memoir on “new plants that
appeared after the divine creation.”27 Linnaeus had an-
nounced in 1744 the discovery of peloria, assuming that
a new species had arisen by hybridization from linaria,
and he had obtained one of the first experimental hy-
brids (Tragopodon hybridum) by pollinating T. pratense
with T. porrifolium. In 1760, after a long discussion in
various publications28 of the phenomenon of hy-
bridization (which he called mixtura, miscela, hybridus
partus, diversa copula, generatio hybrida or generatio ambi-
gena), he stated that “it cannot be doubted that new
species appear through hybridization. From this we
learn that the hybrid is, for the medullary substance,
the internal parts of the plant and the reproductive or-
gans, an exact image of the mother but, for the leaves
and other external parts, an image of the father. These
considerations give new bases for the study of nature.
(...) In fact, it seems to follow that the various species
of plants belonging to the same genus were, originally,
a single plant, and arose from it by hybrid generation.
(...) The botanist should think that the species of each
genus are only as many different plants as there were
different associations with the flowers of a single
species and that, therefore, a genus is nothing but a cer-

tain number of plants derived from the same mother
by the work of different fathers.”29

The theory was re-discussed and refined in Fundamenta
fructificationis (1762) and in the appendix to the sixth
edition (1764) of Genera plantarum, in which Linnaeus
maintained that God could originally have created a
single species for a whole order of presently existing
plants. According to the Swedish naturalist, this evo-
lution by hybridization would have occurred in paral-
lel to the subsidence of the waters leading to the
progressive increase in size of the subequatorial island
off the coast of Africa in which he had postulated the
location of Eden.30 Clearly and even declaredly influ-
enced by his reading of Relation d’un voyage au Levant31

by the French botanist Joseph Pitton de Tournefort,
Linnaeus imagined the island as dominated by a high
mountain that created the entire range of climatic con-
ditions - from polar to equatorial. Encouraged by the
publication of a successful book by Antoine-Nicolas
Duchesne, who with his father had discovered a new
variety of strawberry,32 the Swedish naturalist came
to generalize in 1779 that “species are the work of
time.”33

NOTES
1. Siegesbeck 1737, p. 49.
2. see Plukenet 1700.
3. see Barsanti 2009.
4. see Tulp 1641.
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6. Tulp 1641, pp. 271-272.
7. see Dapper 1668 and Bosman 1704.
8. see Gassendi 1641.
9. see Battell 1613, p. 982.
10. Bondt 1658, p. 84.
11. Bondt 1658, pp. 84-85.
12. see Breydenbach 1486.
13. Gesner 1551, p. 970.
14. Aldrovandi 1637, p. 245.
15. Linneo 1760, plate opposite p. 76.
16. Linné 1746, p. 3 v.
17. Linné 1747, p. 25.
18. Linné 1766-1768, I, 1766, p. 34.
19. Linné 1758-1759, I, 1758, p. 24.
20. see Barsanti 1992.
21. Linné 1736 and 1751, aphorism 77.
22. Linné 1792.
23. Linné 1736, aphorism 157. And see also aphorism 132.
24. Linné 1751, aphorism 157.
25. see Barsanti 2005.
26. Marchant 1719-1721, p. 65.
27. see Gmelin 1749.
28. Among which see, in particular, Linné 1751, 1755, 1759.
29. Linné 1760, pp. 127-128.
30. see Linné 1764.
31. see Tournefort 1717.
32. see Duchesne 1766.
33. see Linné 1779.
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HISTORIC, SCIENTIFIC AND IDEOLOGICAL
BACKGROUND
On April 19, 2010, the dream I had at the beginning of
my career as University Surgeon became true (C.C.):
namely, to have the opportunity to hold a lecture at the
Accademia dei Fisiocritici in Siena, visit the Mau-
soleum dedicated to Paolo Mascagni (Fig.1), live again
the “intellectual ecstasy” my beloved and unforgettable
Master - Prof. Egidio Tosatti - enjoyed back in the ’50s.
As Director in those years of the Surgery Department
at the University of Siena, working at the Pellegrinaio
degli Spedali of Santa Maria della Scala, Prof. Tosatti
had acquired “direct” knowledge of the anatomic stud-
ies conducted by Mascagni, and started the wonderful
journey of modern Italian Lymphology. His work was
to be continued and further developed and consoli-
dated in Genoa, from the ’60s until today, also through
the diligence and hard work of his Pupils.
Therefore, I heartily thank the President of the Accad-
emia, Prof. Sara Ferri, and the President of this Confer-
ence in Siena, Prof. Mario Comporti and Dr. Chiara
Bratto, in charge of com-
munications and cultural
events at the Accademia.
In particular, I wish to
thank Professor Angelo
Acconcia, Prof. Tosatti’s
first Pupil, in Siena, who
followed up and devel-
oped the research work
that has paved the way to
the Modern Age of Lym-
phatic Surgery.
Hence, in this sort of
“flight of fancy”, from
Mascagni, to Comparini
and Tosatti, we get to my
visit to the Accademia
dei Fisiocritici, gener-

ously “prepared” by Prof. Angelo Acconcia and
“guided” by none less than the President of the Accad-
emia herself, Professor Sara Ferri. Just imagine the
emotion and commotion!...
Now, back to the recollections and historic memories
of my youth years, as an intrepid pupil at the side of
the great Professor Tosatti: when I graduated he gave
me as a present the Book of Proceedings (Fascicolo
degli Atti) of the Accademia, curated by Vincenzo
Mazzi, dedicated to “Gli Anatomici Senesi del ‘700”
and to Giovanni Battista Bianchi, Janus Plancus, and
describing his relations with the University and the
City of Siena (Fig.2).
Professor Tosatti, when presenting the book to me, told
me - and also wrote in the title page of the book - that
he wished to be remembered as the President of the
Medical Section of the Accademia dei Fisiocritici!
Of this Fascicolo, which I have had the great pleasure
to read again on this occasion, I would like to mention
also the learned Introduction by Prof. Mauro Barni,
then Rector of the University of Siena, which confirms

once again the historic
relations between the
Accademia, the Univer-
sity and the City of
Siena.
Since its foundation in
1691 by Pirro Maria
Gabrielli, a Siena-born
patrician and Professor
of Theoretical Medicine
and Botany, the Accade-
mia undoubtedly en-
joyed its golden age,
with the spread of scien-
tific culture, mostly dur-
ing the presidency of the
Anatomist Paolo
Mascagni, from 1798 to
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1815. In 1891, the Accademia even hosted the 14th
Congress of the Italian Association of Medicine.
Paolo Mascagni, born in Pomarance, near Volterra, in
1755, graduated in Philosophy and Medicine in Siena,
in 1778 (“cum optimo responso… et optimo voto”).
Only two months after his graduation, Grand Duke
Leopold II appointed him Lecturer of Human Anatomy,
to replace his renowned Master, Pietro Tabarrani, who
was sick.
In 1787, his investigations on “absorbing serous or
lymphatic vessels” brought him international renown,
with the publication of his work entitled “Vasorum
Lymphaticorum Corporis Humani Historia et Ichono-
graphia”, as well as his posthumous work entitled
“Grande Anatomia”.
Mascagni’s Anatomic Tables – and the particularly fa-
mous full-scale ones– that we may admire in the rooms
of the Accademia dedicated to him, are the first and still
unequalled model of a Systematic Study of Lymphatic
Vessels, with an unparalleled wealth of detailed and
minute information about the “Lymphatic System”.
After his election as President of the Accademia dei Fi-
siocritici, in 1798, due to some political difficulties,
Mascagni had to leave Siena and moved to Pisa, where
he was appointed Full Professor of Human Anatomy
in 1801. Then, in 1803, he was called to Florence.
Still very active as Scientist and Master, during a rest-
ing period in his estate in Castelletto, near his birth-
place of Pomarance, he developed a malignant fever
and died on October 19, 1815 at only sixty years of age.
However, the “fertilizing seed” of the Modern Lympho-
logic Science had been spread! About 150 years later…
Professor Egidio Tosatti, Director of the Surgery De-
partment of Siena, stimulated by his contacts with the
Accademia dei Fisiocritici, - where, a few years later,
he would be appointed President of the Medical Sec-

tion (1959-1965) - and, above all, intrigued by the
studies conducted by the Great Master Mascagni, had
the idea of getting some anatomic “samples” X-rayed.
Both deep and superficial lymphatic vessels in these
samples had been prepared by Mascagni, with an in-
jection of mercury, by means of a glass microneedle
cannula obtained with “microsurgical” accuracy with
a Bunsen burner. Mercury was injected into the foot
lymphatic vessels while the surgeon had to keep his
hand quite firm (“cubito bene firmato”).
It was the dawn of Lymphatic Microsurgery, marking
the beginning of a new age of studies and research of
the Lymphatic System, which would lead to the defi-
nition and, later, the “standardization of Lympho-
graphic Diagnostics”.
In those years, the contribution of Professor Angelo Ac-
concia was fundamental, who, meanwhile, had been
sent to London by Professor Tosatti to personally fol-
low the innovative clinical and research work con-
ducted by the great Professor J. B. Kinmonth (1955),1
who had actually been preceded by another great Pro-
fessor, Marceau Servelle (1944), 2 pupil of another
great Master, René Leriche.
Hence, from Mascagni, through Tosatti and the stan-
dardization of lymphographic techniques, for the study
of both superficial and deep lymphatic vessels, the
foundation was laid to modern Lymphatic Surgery and
Microsurgery.
The magic age of this Siena-centred “season” in the
study of Lymphatic vessels was also enlightened in
those years by yet another great Anatomist, also from
Siena: Prof. Leonetto Comparini.
His studies make up the basis of our current knowl-
edge about hydrodynamic and anti-gravitational func-
tions of lymph nodes correlated with the leiomuscular
component of the lymph node capsule. With its slow,
alternated contraction and release, the lymph node is
like a small “heart” ), synchronized with the systolic-
diastolic movements of “lymphangions”, the anatomic-
functional unit of each lymphatic collector. It is also
synchronized with the alternated rhythm of the micro-
histoangic unit, which is synchronous with the open-
ing and closing of endothelial intercellular
desmosomal junctions of initial lymphatics (dead-end
lymphatics). These are the mechanisms underlying
lymphogenesis, governed by Laplace’s law and typical
of the ‘absorbing’ and ‘carrying’ function of lymphatic
vessels, in a centripetal mode, from the periphery (in-
terstitial space, initial lymphatics, and pre-collectors)
to the centre (lymphatic vessels).
The “Gravitational Assumption” proposed by Prof.
Tosatti back in 1967 for the Pathogenesis of Chronic
Lymphedemas and the related Classification and Sur-
gical Treatment, featuring ligation of ectatic, dysplastic,
and insufficient vessels in case of Gravitational Lym-
phedemas is based on this knowledge. 
Hence, the initially symptomatic, resective, and de-
bulking surgical treatment of Lymphedemas became
physiopathologic and functional, targeting the very
cause of disease, rather than the result of lymphatic sta-
sis caused by ‘gravitational reflux’.
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Everyone knows the importance to consider past acquisi-
tions when preparing future ones.
That’s why the President Professor Sara Ferri and the Fac-
ulty Board of the Accademy, first of all Professor Mario
Comporti have set up the meeting to honour the memory
of three Italian pioneers of lymphangiology all of them
teachers at University of Siena Italy: Paolo Mascagni,
Leonetto Comparini and Egidio Tosatti. Mascagni and
Tosatti have been remembered by Professor Corradino
Campisi and now it is my privilege to remind you the un-
forgettable Leonetto Comparini whose activity and
tremendous work in restauration and reconstruction of the
University Institute of Human Anatomy after the second
world war is unquestionable. He was deeply human
showing a keen sensitivity in his duty as a teacher and a
very capable manager of his own work as well as that of
his team. His lectures on the Nervous Central System be-
came famous as well as his Textbook of Anatomy,
But I would like to focus particularly the attention of the
audience on to his important work as a researcher, He
brought a number of innovations of the Anatomy of the
Lymphatic System and he was certainly inspired in this
field by his position as Professor in the same Institute of
Human Anatomy where Paolo Mascagni has been teacher
in eighteenth century. And this worked as a great stimu-
lous for him. Macro and microscopic studies of Sienese
School inspired by Leonetto Comparini are fundamental
still today in modern Lynphangiology definitely resolving
the mistery of the parenchimal tissues lymphatic circula-
tion.
Three Conventions National and International (1971,
1983, 1988) and hundreds of Pubblications bear witness
of this life lasting work.
In the last few decades we gathered a steadfast clinical ex-
perience in a long lasting, selective and complex treatment
of the digestive system, preceding urological surgical pro-
cedures. 
The essential items were a previous mechanical cleaning,
the administration of intestinal antibiotics and antimy-
cotic drugs and the care in restoring the
normal bacterial flora a well known modulator of the im-
mune response. Such a behavior allowed for a completely
complication free patient follow-up that was beyond our
rosier hopes. Therefore it seemed logical to us to recon-
sider the relationships existing between Digestive and
Uropoietic Systems.
Formerly, the intestinal preparations were imperative, as
everyone knows, only when using an intestinal loop to
reconstruct a segment of urinary excretory tract
(Bricker/Mogg’s operations, Ileocolocystoplasties, uretero
ileo/coloplasties). The same practice was also customary
in case of urinary diversions, (ureterosigmoidostomy, rec-
tal bladders, etc.) or urological operations at risk for rectal
lesions. In all those procedures the main goal of the intes-
tinal preparation was to reduce the septic dangers coming
from the admixture between faecal matter and urine, dur-
ing the Patient’s follow up.
The certainty of a success, very often beyond the Patient’s
and our own expectations, has been the fundamental rea-
son for a revival of the so-called Entero-Urinary Syn-

drome, as it was identified for the first time by the French
Urologist Heitz-Boyer at the beginning of last century. 
That Syndrome has nothing to do with the well known
physiopathologic influence of the Digestive System upon
the Uropoietic System (the metabolic consequences of in-
testinal hemorrage, dehydration, intestinal deseases and
surgery for obesity, or external intestinal fistulas etc. upon
the renal functions).
The same goes for intestinal troubles deriving from any
urological pathological involvement (abdominal pain,
stipsis and anal troubles, gastroenteric involvement in
nephrological deseases, vomiting, nausea etc.).
The same considerations again hold true in the case of a
direct communication between the Digestive and Urologic
Systems, such as enterourinary fistulas, or a variety of con-
ditions of different etiology (trauma, TBC, diverticulosis,
neoplasms etc.).
Actually the typical Entero-Urinary Syndrome implies the
bacterial invasion of an otherwise normal urinary tract
due to the anomalous passage of bacteria from the lower
part of the Digestive System. Obviously, this possible bac-
terial flow may certainly reveal a hidden preexisting uri-
nary pathology.
The Urinary troubles, mainly infections associated with
megacolon, dolicocolon, sigmoidal diverticulosis, haem-
orrhoids, segmental ileitis, etc are good examples of En-
tero-Urinary Syndrome, ordinarily encountered and
managed by the Urologist in his practice.
Of course there are symptoms (lumbar, hypogastric and
penoscrotal pains, dysuria, pollachiuria, hyperperi-
staltism etc.) and signs (septic fever, hematuria, positive
uroculture etc.) that are very well known to any urologist. 
Now it’s certainly a known fact that the bacterial bodies
are not permitted to pass from the arterial circulation
through the glomerular filter. We also know that the so-
called ascending way for urinary Infections is a rare event,
mainly in male population (it’s quite the opposite in the
female population).
Therefore it is quite understandable that, in particular
conditions, bacteria absorbed by the lymphatic circulation
in the lower part of the Digestive System can pass into the
lymphatics and then into the Urinary Tract.
In fact lymph from colon/rectum is drained to the Cys-
terna Chyli (Pecquet) where all the retroperitoneal lymph
is also conveyed, including, of course, those amounts
coming from the urinary and the reproductive system, in
both male and female.
Particular conditions, such as enhanced intestinal peristal-
sis, antiperistalsis, increased intra-abdominal pressure,
meteorism per se, and enteric inflammation are sufficient
reason for the inversion of circulation, a very frequent oc-
currence in the lymphatic system, not to mention the nor-
mal direct communications existing between the
intestinal and retroperitoneal lymphatic channels.
Moreover it is demonstrated that a passage of urine takes
place, indead in case of hydronefrosis, through the renal
lymphatic vessels reaching the main circulation (Ac-
concia, Atti Accademia Fisiocritici) and that a backward
lymphatic flow also possibly takes place in the metastatic
spread of breast and prostate cancers.
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Recent advances in microsurgery, refinements in
non-invasive dynamic lymphatic system imaging,
and improved approaches to resection involved
the contributions of pioneering surgical lymphol-
ogists to make lymphatic microsurgery and sur-
gery of lymphatic disorders an increasingly
important, safe and practical option in these
chronic vexing disfiguring, disabling, and at
times, life-threatening congenital and acquired
conditions. Moreover, future improvements in the
scope and outcome of these procedures include
minimally invasive and robotic approaches possi-
bly coupled along with tissue engineering, stem
cell and tissue transplantation. These improve-
ments, and ultimately fetal restitution/reconstruc-
tion, to prevent or treat these lymphatic disorders
will require both the intellect and skill of the sur-
geon on the research teams and in clinical multi-
modal management (4) (Figg.1-2, side)

EVOLUTION OF LYMPHATIC MICROSURGERY
The first use of microsurgery was described in
1962 when Cockett (5) and Goodwin performed
an anastomosis of a dilated lumbar lymphatic to
the spermatic vein to treat a patient with chyluria.
From this first procedure, subsequent develop-
ments in microsurgical techniques (as described
below) have enabled lymphatic-venous anasto-
mosis to emerge as a feasible treatment option for
lymphedema.
O'Brien and co-workers (6,7) in 1977 described
their use of microlymphatic surgery for treatment
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of secondary obstructive lymphedema. They utilized
three or more lymphaticovenous anastomoses at or
above the elbow (or knee) and observed a reduced in-
cidence of cellulitis post-operatively. The microlym-
phatic techniques were applicable to both upper and
lower limbs, and they also applied them to localized
cases of obstructive lymphedema following trauma and
congenital constriction bands. They emphasized that
considerable experience in microvascular surgery was
required for performing the procedure. Their results in
obstructive secondary lymphedema were encouraging,
even though the authors remarked that a long-term
evaluation of the clinical outcome was required before
judging the potential of these techniques.
The field was advanced in 1981 when Degni (8,9) in-
troduced an original technique of lymphatic-venous
anastomosis for use in lymphedema of the limbs. The
procedure was easily performed and was applicable to
both the upper and lower limbs, and also for the tho-
racic duct or any blocked lymphatic vessels of the ab-
domen. He used this technique to treat lymphedema
due to surgical resection of benign tumors (lipomas of
the thigh), reconstructive procedures (pendulous ab-
domen, plastic surgery of the thigh), orthopedic oper-
ations on the knee, and after varicose vein stripping.
The purpose was to divert the lymph into a vein in
cases of blocked lymphatic vessels, particularly when
lymphographic findings demonstrated good function
and intact permeability of lymphatic vessels. A longi-
tudinally divided needle was used to introduce the
lymphatic trunk into the vein, pulling the lymphatic
into the venous lumen and fixing the lymphatic to the
upper venous wall with one suture.
At almost the same time (1982), Clodius (10,11) re-
ported that microsurgery for primary and secondary
lymphedema, consisting of shunts between lymphatic
vessels and veins, was a well-established surgical tech-
nique. Problems arose from irreversible changes in the
peripheral lymphatic system and in the connective tis-
sues as well as the obliteration of the deep lymphatics
best suited for lymphaticovenous anastomoses in more
chronic lymphedema. He therefore cautioned that lym-
phaticovenous shunts should be performed early be-
fore fibrotic tissue changes appear.
As the techniques were becoming more widespread,
two groups reported larger data sets. In 1985. Huang
and co-workers (12) described their experience of 110
cases of lymphedema treated by microlymphati-
covenous anastomosis with very satisfactory immedi-
ate and long-term results in 79.1%. Their data
suggested that the quality of results was proportional
to the number of anastomoses. Krylov and co-workers
(13) reported an experience of 510 patients with pri-
mary (~2/3 of cases) or secondary lymphedema in
upper and lower extremities. Notably, the most favor-
able results were obtained in secondary obstructive
lymphedema cases associated with lymphatic hyper-
tension, which contributed to better functioning of the
lymphaticovenous anastomoses . In 1987, Zhu and co-
workers (14) reported a clinical experience of 185
limbs with lymphedema treated by lymphaticovenous

anastomosis with excellent results achieved in 73% of
the cases.
Al Assal, Cordeiro and co-workers (15), in 1988, re-
ported experimental studies in dogs using a new tech-
nique of microlympho-venous anastomosis to improve
long-term patency rates and clinical results in lym-
phedema therapy. Technical points, such as an oval
window on the wall of the vein and a few sutures
piercing only two lymphatic layers, adventitia and
media, outside the lumen were emphasized for suc-
cessful results. Three methods for assessment of pa-
tency of anastomoses were used: (1) observation with
the operating microscope of dye transit across the anas-
tomotic site; (2) lymphography, and (3) histopathologic
examination. Based on encouraging results, the authors
suggested that end-to-side anastomosis might be the
technique of choice.
Olszewski (16-19) published in 1988 his personal 20-
year clinical experience in diagnosis and treatment of
various types of lymphedema of the lower limbs with
microsurgical lymph node-vein and lymph vessel-vein
anastomoses. He limited indications for surgical ther-
apy of lymphedema to a carefully selected group of pa-
tients with local, segmental obstruction of proximal
lymphatics with demonstrably patent peripheral lym-
phatics and at least partial preservation of contractility.
He reported that in his practice long-term penicillin
therapy was indispensable prior to surgery in cases
with a history of lymphangitis. 
A critical review of microsurgical lymphovenous anas-
tomosis for the treatment of lymphedema was pub-
lished by Gloviczki and co-workers (20) in 1988. Their
group performed lymphovenous anastomoses (LVA) to
treat chronic lymphedema and reported a mean follow-
up at 36.6 months. They concluded that LVA offered a
promising physiologic treatment particularly in the
secondary lymphedemas and that lymphoscintigraphy
was found to be a suitable method for both identifying
patent lymphatic channels before surgery and deter-
mining function of LVA after operation.
Ho and co-workers (21), also in 1988, reported their
results in a series of patients with secondary obstruc-
tive lymphedema treated by microlymphatic bypass.
The procedures in the lower and upper limbs were de-
scribed. Preoperative assessment by lymphangiogra-
phy and lymphoscintigraphy was used to assess
suitability for the procedure. Postoperatively, patent
lymph collectors were demonstrated by lymphoscintig-
raphy. The authors also emphasized that microlym-
phatic bypass should be carried out before the
peripheral lymph collectors were destroyed or perma-
nently damaged by increasing back pressure and re-
current infection. 
In a different approach, Baumeister and Siuda (22) in
1990 described their initial experience with microsur-
gical lymphatic grafting in the treatment of lymphede-
mas. Lymphatic grafts were anastomosed to peripheral
lymphatics distal to and central lymphatics proximal
to the regional blockade. In the case of unilateral
blockade at the groin or pelvis, the grafts connected the
lymphatics of the thigh of the affected leg with lym-
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phatics in the contralateral healthy groin. They have
continued to perform this procedure albeit in a rela-
tively small number of selected cases, using lym-
phoscintigraphy to document graft patency.
In 1990, O'Brien and co-workers (23,24) reported on
their cumulative clinical experience in the treatment of
obstructive lymphedema by microlymphaticovenous
anastomoses. They described subjective improvement
in 73% of patients and, objectively, volume changes
showed a significant improvement in 42% of cases,
with an average reduction of 44% of the excess volume.
The authors also emphasized the significant reduction
in the incidence of cellulitis episodes following sur-
gery. Their long-term results (average follow-up of 4
years) indicated that microlymphaticovenous anasto-
moses had a valuable place in the treatment of obstruc-
tive lymphedema and perhaps should be the treatment
of choice in select patients. They also pointed out (as
Clodius and Ho above) that improved results could be
expected with earlier operations because patients re-
ferred earlier usually have less lymphatic disruption.
Despite advances in microsurgery, the most suitable
operation for primary lymphedema remained unclear.
(24b)A variety of tissue transplants and artificial sub-
stances had been used to facilitate drainage of periph-
eral lymph (25,26). The greater omentum was used
experimentally in the treatment of canine obstructive
lymphedema by O'Brien and co-workers in 1990 (27)
and Abalmasov and co-workers in 1994 (28). The find-
ings indicated that experimental obstructive lym-
phedema in the dog could be reduced significantly by
insertion of a vascularized omental graft. However, be-
cause there is no natural lymph nodal-venous (L-V)
shunt within the greater omentum, the addition of an
L-V shunt to omental transplantation in dogs seemed
to increase effectiveness of the autotransplanted omen-
tum for draining hindlimb lymph. Continued use of
omental transplants has continued in select situations.

LYMPHATIC MICROSURGERY AND SURGICAL AP-
PROACHES TO LYMPHEDEMA: CLINICAL AND TECHNI-
CAL ASPECTS

Derivative Approaches
The first microsurgical derivative operations were
those using lymph nodal-venous shunts. These have
been largely abandoned (except in endemic areas of
lymphatic filariasis such as India where thousands of
these procedures have been performed and lymphatic
channels even in lymph nodes are often widely di-
lated) due to the high rate of anastomotic closures
caused by the thrombogenic effect of lymph nodal pulp
on the venous blood and the frequent re-endotheliza-
tion of the lymph nodal surface. One of the possible
modifications of this technique is the use of lymph
nodal capsular patch with its afferent lymphatics
(lymph nodal capsular-venous anastomosis). This
method has been carried out predominantly in children
since it is technically feasible even in cases of very
small lymphatic and venous structures.
Because of the difficulties encountered with lymph

nodal-venous shunts by surgeons worldwide, the next
approach was to use lymphatic vessels and directly
anastomose them to veins. The first of these operations
at the University of Genoa were performed using an
end-to-side (lymph to blood) technique (29). Lym-
phatic collectors were introduced inside the vein, and
the inferior edge of the lymphatics introduced into the
vein lumen acted as valves to avoid backflow of blood
into the lymphatics and there by preventing occurrence
of thrombosis. More recently, the preferred techniques
has been telescopic multiple lymphatic-venous anas-
tomoses. Healthy appearing lymphatics found at the
site of surgical operation are directly introduced to-
gether into the vein by a U-shaped stitch and then fixed
to the vein cut-end by means of additional stitches be-
tween the vein border and the perilymphatic adipose
tissue. At the end, the first U-shaped stitch is removed
to avoid the risk of closure of lymphatic collectors.
With the use of Patent Blue dye (a sodium or calcium
salt of diethylammonium hydroxide), properly func-
tioning lymphatics appear blue, and the passage of
blue lymph into the vein branch verifies the patency of
the lymphatic-venous anastomosis under the operating
microscope when the anastomosis is completed.
For patients with lower limb lymphedema, anasto-
moses are performed at the sub-inguinal region. Lym-
phatic-lymph nodal superficial structures are isolated,
and all afferent lymphatics are used for the operation.
Lymph nodes are subjected to histopathologic exami-
nation. The usual finding in primary lower limb lym-
phedemas is a varying grade of nodal fibrosclerosis and
thickening of the nodal capsule but with normal affer-
ent lymphatic vessels.
There are alternative technical microsurgical solutions
depending on the anatomical conditions at the site of
operation. It is possible to perform multiple lymphatic-
venous anastomoses at the same time, and the impor-
tant feature is that the vein branch is patent. It is
necessary to test the patency of venous valves since it
is mandatory to carry out an external valvuloplasty to
correct the valvular insufficiency before performing
anastomoses in cases of incompetent venous valves
(30,31).
For upper limb lymphedema, lymphatic-venous anas-
tomoses are performed at the medium third of the volar
surface of the arm, using both superficial and deep
lymphatic collectors, evidenced by the blue dye. Deep
lymphatics are found in between humeral artery, vein
and the median nerve. The vein used for anastomoses
is a patent branch of one of the humeral veins, and the
technique most performed is the telescopic one.
More than 2500 patients affected by peripheral primary
and secondary lymphedema have been treated over the
past 40 years at the University of Genoa mostly using
lymphatic-venous derivative techniques. Primary lym-
phedemas largely included lymph nodal dysplasias
(LAD II, according to Papendieck's classification
(32,33) consisting of hyperplastic lymph nodes with
sinus histiocytosis and a thick and fibrous capsule with
microlymphangioadenomyomatosis. In these cases,
lymph flow obstruction was apparent as seen by alter-
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ations of the afferent lymphatics which appeared di-
lated and swollen with thickened walls and where
smooth muscle cells are reduced in number and appear
fragmented by associated fibrous elements (34). In our
experience, secondary lymphedemas (35-37) were
largely due to lymphadenectomy and radiotherapy per-
formed for oncological reasons (carcinoma of the
breast, uterus, penis, bladder, prostatic gland, rectum,
and seminoma of epididymis), as well as for compli-
cations of minor operations for varicose veins, crural
and inguinal hernias, lipomas, tendinous cysts, or ax-
illary and inguinal lymph node biopsies. Most of the
lymphedemas treated by microsurgery were at stages
II (39%) and III (52%), while 3% of the patients were
stage Ib and 6% were stages IV and V.
Lymphoscintigraphy, performed with either 99mTc-la-
beled antimony sulfur colloid or 99mTc-nanocolloid
Human Serum Albumin (90% of the particles >80 nm
in size), was employed in the diagnostic work-up of
patients with lymphedema and as a test for selecting
patients for derivative microsurgical operations. Lym-
phoscintigraphy clearly discriminated whether or not
edema was of lymphatic origin and also provided im-
portant data about the etiologic and pathophysiologic
aspects of the Lymphedema (38-47).
Echo Doppler was performed in all patients to identify
any venous disorders possibly associated with lym-
phedema. In most patients, venous dysfunctions were
corrected at the same time of microlymphatico-venous
anastomoses (i.e., valvular plasty in case of venous in-
sufficiency). In other cases, finding venous dysfunction
contraindicated derivative lympho-venous shunts but
at the same time facilitated referral of the patient for re-
constructive microsurgical operations.
Conventional oil contrast lymphangiography was em-
ployed only in selected patients with lymphedema due
to gravitational reflux in order to define more clearly
the extension of the pathologic alterations and sites of
lymphatic and chylous leakage (48-50).

Reconstructive Techniques 
In those cases involving the lower limbs, where surgi-
cally uncorrectable venous disease exists, it is not ad-
visable to use derivative lymphatic-venous techniques,
and accordingly, reconstructive methods are used (51-
53). The most commonly used technique is the inter-
position of an autologous vein graft between
lymphatics above and below the obstacle to lymph
flow. The venous segment can be obtained from the
same operative site or from the forearm (mostly the
cephalic vein). The length of the graft is variable from
7 to 15 cm, and it is important to collect several lym-
phatics at the distal cut end of the vein so as to main-
tain the segment filled with lymph and avoid closure
due to fibrosis. The valves of the veins are useful for
the correct direction of the lymphatic flow and to avoid
gravitational backflow. The technique of anastomosis
is the telescopic one with introduction of lymphatics
inside the vein cut ends by a U-shaped stitch, which is
then fixed by some peripheral stitches (54-56).

Patients, Timing, and Results 
Clinical outcome improves the earlier microsurgery is
performed owing to absent or minimal fibrosclerotic
alterations of the lymphatic walls and surrounding tis-
sues. Long term results after more than 10 years have
been excellent (over 75% excess limb volume reduc-
tion, compared with pre-operative conditions) in 83%
of patients, good (25-50% decrease) in 14%, and poor
(less than 25% edema reduction) in 3%.
Lymphoscintigraphy helps in verifying the patency of
microanastomoses long term after operation by direct
and indirect findings: reduction of dermal backflow to-
gether with the appearance of preferential lymphatic
pathways not visible before microsurgery; disappear-
ance of the tracer at the site of lymphatic-venous anas-
tomoses due to direct tracer passage into the blood
stream; and earlier liver uptake compared to pre-oper-
ative parameters (indirect patency test).
The optimal indications for lymphatic microsurgery are
represented by: early stages (1b, 2a,, early 2b); lym-
phoscintigraphy showing a low inguinal or axillary
lymph nodal uptake and minimal or absent passage of
the tracer beyond this proximal nodal area; excellent
patient compliance; and a lymphological center where
the patient can easily refer for any needs in addition to
a Center of Lymphatic Surgery where the patient un-
dergoes this specialized surgery.
At later stages (advanced 2b,3a, and 3b), with absent
visualization of lymphatic channels and regional
lymph nodes, it is necessary to reduce the stage of the
lymphedema by non-operative methods before micro-
surgery. After operation, it is particularly important for
these patients to be followed closely to improve the
clinical outcome and maintain the short-term operative
results for the long term (so called CLyFT therapy). In
case of poor patient compliance, the results may be un-
satisfactory. Relative contraindications to lymphatic
microsurgery are represented by cases of lymphatic-
lymph nodal aplasia (extremely rare), diffuse metasta-
tic disease, and advanced stage (V) not responsive to
conservative therapy.
Lymphatic microsurgery represents a means to bypass
the obstacle to lymph flow through lymphatic-venous
drainage (lymphatic-venous anastomoses) or by using
venous grafts between lymphatic collectors below and
above the obstruction (lymphatic-venous-lymphatic
plasty) (57-62). Combined physical therapy (63-75)
nonetheless represents the initial treatment of patients
affected by peripheral lymphedema and it is best per-
formed in specialized centers. The surgical timing fol-
lows completion of conservative treatment when
further clinical improvement can no longer be achieved
and/or recurrent lymphangitic attacks are not further
reduced. Microsurgical operations can then be per-
formed and provide further improvement in the condi-
tion.
Traditional debulking operations are presently less uti-
lized to treat lymphedema except in cases of late stage
lymphedema to reduce skin folds after marked edema
reduction obtained by conservative physical and mi-
crosurgical methods; in body regions relatively inac-
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cessible to effective compression such as the genitalia;
in advanced lymphatic filariasis at times combined
with lymphatic-venous or nodal-venous anastomosis
in the setting of widely dilated lymphatic channels
(76); and in localized lipolymphedema associated with
massive obesity and forced immobility.
In recent years, liposuction techniques have been re-
fined by Brorson and colleagues in their specialized
center at the University of Malmö, Sweden and repli-
cated in a few other locations worldwide. This tech-
nique can be very effective in reducing the volume of
bulky lymphedematous arms even in late stages. A
much smaller experience with lower limbs has also
been reported by the Swedish group. The patients
must use life-long round-the clock compression gar-
ments thereafter and maintain full compliance to sus-
tain the cosmetic and volume reduction results
long-term.

MANAGEMENT OF LYMPHATIC TRAUMA

Traumatic chylothorax and chylous ascites can follow
blunt or penetrating trauma. While initially managed
non-operatively, operation may become necessary if
the chylous leakage persists and becomes life-threat-
ening. Surgical options (Figg.3-4-5) range from direct
surgical repair of the thoracic duct or lymphatic ligation
to thoracic duct or mesenteric lymphatic-venous shunts
(77). Rarely, Denver-LeVeen or other types of perito-
neo-venous shunt devices have been used successfully.

LYMPHANGIODYSPLASTIC AND CHYLOUS AND NON-
CHYLOUS REFLUX SYNDROMES

Abnormal retrograde transport of lymph or reflux can
derive from outside the intestine (non-chylous) or arise
in the intestine (chylous or milky in appearance). The
phenomenon was recorded as far back as Cruikshank
(78), who considered it a post-mortem phenomenon in
cadavers. Busey in 1878 (79) described patients with
chylous and non-chylous reflux syndrome with accom-
panying lymphedema and expressed his frustration
with inability to improve their condition. Because cho-
lesterol and long-chain triglycerides as chylomicra are
absorbed exclusively by the lymphatic system, disrup-
tion, compression, obstruction or fistulization of
mesenteric lacteals, the cisterna chyli, and the thoracic
duct directly relates to chylothorax, chylous ascites,
chyluria, and chylous reflux in other sites. In some pa-
tients with severe obstruction to intestinal lymph flow,
the peripheral lymphatics gradually dilate, valves be-
come progressively more incompetent, and lactescent
lymph refluxes into the soft tissues of the pelvis, scro-
tum, and lower extremities (chylous vesicles), and
even manifests as generalized subcutaneous chyledema
in newborns. A variety of genetic mouse models mimic
this condition with diverse developmental defects of
the intestinal-thoracic duct lymph system.
Dynamic imaging of both chylous and non-chylous
lymph reflux can usually be obtained by adjusting the
whole body protocol for lower and also rarely upper
limb lymphangioscintigraphy and can be applied to
newborn infants as well as adults to identify the
source, timing and location of the lymph reflux and tai-
lor further evaluation and management accordingly
(77-83). 

Pathophysiology
From the etiopathological point of view, primary forms
of chyloperitoneum are basically correlated with con-
genital dysplasic alterations (87-92) and more or less
extended malformations of chyliferous vessels, cisterna
chyli, and/or of the thoracic duct, as well as of regional
lymph nodes in this region or in affected regions. These
conditions account for approximately 70% of all cases.
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Conversely, "secondary" forms due to mechanical
causes or obstructions of various types or disruptions,
including trauma, are less common. 
It should be pointed out that from a pathophysiologic
point of view, malformation-related dysplasic alter-
ations act as actual obstacles to antigravity lymph
drainage, just like mechanical obstruction. A malfor-
mation affecting the thoracic duct, Pecquet cyst, and/or
chyliferous vessels illustrates this concept and repre-
sents a significant obstacle to lymph drainage and, in
particular, to intestinal drainage. Accordingly, chylif-
erous vessels along the walls of the small intestine and
of the mesentery become significantly dilated and ab-
normally stretched due to chylous stasis. The disease
also features lymphatic megacollectors with more or
less extensive chylous lymphangiectasia, often associ-
ated with lymphangiomyomatosis. These are not only
located right below the visceral peritoneal layer with
a mesh-like arrangement, but also throughout the
small intestine and more specifically at the level of in-
testinal villi. Hence, dysplastic chyliferous megalym-
phatics may rupture due to a localized swelling (the so
called “mesentery chylous cyst”) or anywhere along the
wall of an extremely ectatic collector, sometimes
through a two-step process, that is, once the peri-
toneum is opened up by chyle with subsequent devel-
opment of a “chyloma,” chyle begins to flow into the
abdominal cavity. Also, in other cases, the chyliferous
vessel at the center of the villus breaks into the intes-
tinal lumen, thereby causing the loss of proteins,
lipids, lipoproteins, and even calcium and glucose,
which leads to metabolic disorders that are typical of
so called “Protein Losing Enteropathy” (PLE).
Owing to the direct link between the septic intestinal
environment and the inner lining of chyliferous ves-
sels, there may be recurrent attacks of acute lymphan-
gitis and acute mesenteric lympho-angioadenitis
which, in some cases, may even lead to septic shock or,
at best, to a chronic process, while triggering a vicious
circle with further worsening of the intestinal lym-
phatic drainage.
Chyloperitoneum and PLE may often be combined.
Also, it should not be forgotten that, apart from intes-
tinal lymphatics, also lumbar lymphatics – collecting
the lymph from the lower limbs, external genitalia,
intra-abdominal organs, kidneys, adrenal gland, and
the abdominal wall – flow into the cisterna chyli. Fur-
ther, considering the thoracic-mediastinal catchment
basin of the thoracic duct and that lymphatic dysplasias
can affect even one or more extra-abdominal sites, due
to bizarre malformation combinations, chyloperi-
toneum can also be associated with a whole range of
different pathologic pictures: mono or bilateral chy-
lothorax; chylous cyst, mediastinal chyloma or chylo-
mediastinum; chylopericardium; chyluria; chylo-
colpometrorrhea; chyloedema of external genitalia
and/or of one or both lower limbs, with chylo-lympho-
static verrucosis and subsequent chylo-lymphorrhea;
and chylous joint effusion.
The wide ranging extension of the foregoing malfor-
mations and the complexity of their association with

dysplasia of chylo-lymphatic vessels, thoracic duct, and
chylous cyst explain why, in the newborn, sometimes
these conditions affecting multiple sites are incompat-
ible with life (93). Further, upon clinical onset of the
most severe cases, effective treatment may be difficult
to achieve later in life, thereby leading to more or less
complex prognostic implications involving “quoad
valetudinem” as well as “quoad vitam” issues.

Treatment Approaches
For a rapid restoration of proper metabolic balance,
total parenteral nutrition (TPN) is recommended early
on in order to significantly limit the chylous leak vol-
ume.
In the initial approach to this complex problem, espe-
cially in acute and sub-acute onset cases, a videola-
paroscopy can be useful and also indicated to help in
the proper positioning of one or more peritoneal drains
of correct size. These will be used to drain the effusion
in one or more steps, depending on its volume, while
taking care not to cause “ex vacuo” hemorrhages and
keeping in mind that chyle is a dense fluid. This pro-
cedure is preferred over the ultrasound or CT guided
positioning of smaller drains, which are more likely to
become closed over time.
Once in place, these drains can be used “on demand,”
also for washings with a Trémolliéres sterile solution
(concentrated lactic acid) combined with an antibiotic
(250-500 mg of sodium rifampicine). The sclerosing ef-
fect of this drug has proven beneficial, especially in the
treatment of post-surgical chyloperitoneum (mostly oc-
curring after lymph node resections performed close to
the mesenteric root). Also, in these cases of surgical ori-
gin where the onset of chylorrhagia occurs in the early
days after surgery and can be observed through the
same drains placed upon surgery completion, in the
great majority of cases, washing with Trémollières as-
sociated with a rigorous total parenteral feeding has
proved to be successful in resolving this condition in
two or maximum three weeks. Actually, the great ma-
jority of chylorrhagia cases have been due to extended
lymphadenectomy in kidney cancer surgery. In this
way, timely treatment of chylorrhagia as a post-opera-
tive complication can help prevent the onset of second-
ary chyloperitoneum. This complication is common in
oncological surgery particularly when abdominal
drains are removed too early
On the other hand, primary chyloperitoneum caused
by dysplasia or malformations is a much more complex
condition. An accurate diagnostic assessment is re-
quired for proper treatment, depending on associated
clinical features, namely:
•51CrCl3 test, to gain evidence of any major abdominal
protein leak (>2% of fecal radioisotope disposal within
5 days following intravenous – 30 Ci – administra-
tion of this substance. Especially in children, care must
be taken not to mix feces with urine since ~ 30% of this
isotope is excreted in the urine.
•Small intestine barium enema, to demonstrate any no-
table thickening due to lymphedema, which is gener-
ally greater in the submucosa of the intestinal wall, and
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subsequent protrusion of intestinal folds and villi;
•Small intestine endoscopy, in particular with biopsy
of the duodenum-jejunum segment, which shows sig-
nificantly stretched chyliferous vessels at the centre of
villi;
•Lymphoscintigraphy, with evidence not only of tracer
leak into the peritoneal cavity, but also of a more or less
severe dysplasia involving also other compartments,
like external genitalia and the lower limbs. This
method is an excellent tool to assess microsurgery out-
come (as we illustrate below);
•Standard lymphangiography with liposoluble ultra-
fluid contrast medium injected with microsurgical
technique after isolation and cannulation of the lym-
phatics of the extensor digitorum muscle. If coupled
with a CT scan, LAG allows a more accurate assess-
ment of disease extension, as well as the site of the ob-
stacle and source of chylous leak;
•Magnetic resonance which, by digital subtraction
method of the fatty tissue, offers a more in depth
demonstration of dysplasia-related impairment of the
lymph vessels (lymphangiomagnetogram) (94).
In order to demonstrate a concurrent Protein Losing
Enteropathy (PLE), albumin labeled (99m Tc) scintig-
raphy may be quite useful for a more complete diag-
nosis. PLE can be observed inside the intestinal lumen
in scans taken 1-24 hours after intravenous adminis-
tration of 740 mBq.
Finally, in case of even more complex pictures associ-
ated with more or less widespread hemangiodys-
plasias, selective digital angiography of the
compartments affected by vascular visceral and/or pe-
ripheral malformations, and angio-CT are helpful com-
plements to the aformentioned instrumental diagnostic
process. At this point, surgical intervention depends
on the outcome of the various conservative treatments
already implemented, namely, hyperprotein and hy-
polipidic diet (e.g., exclusively based on medium-
chain fats and triglycerides) and total parenteral
nutrition (TPN); proper antibiotic protection, which is
necessary to prevent and treat the not uncommon septic
complications; and even serial paracentesis, which
mainly aims at gradual chylous effusion drainage and
subsequent reduction in intra-abdominal pressure. In
this as well as in subsequent treatment phases, the in-
travenous, intramuscular, and/or subcutaneous admin-
istration of somatostatin or octreotide (the synthetic
form) can be useful in reducing chylous effusion – in
some cases remarkably successful – likely related to
their pitressin-like effect and even as anti-proliferation
agents in vascular and, more specifically, lymphatic
cells and endothelium (95).

Surgical Treatment
Therefore, surgery should be designed on a case by
case basis, depending on the primary or secondary na-
ture of chylous effusion, clinical severity, and the num-
ber of chylous leaks. The following types of surgical
approaches can be performed to treat this disease de-
pending on the specific clinical condition and prior re-
sponse (96-98):

• Chyloperitoneal drainage;
• Identification of the site or sites of chylous leakage;
• Removal of chylous cysts and/or chylomas;
• Resection of lymphangiectasic -lymphangiodysplasic tis-
sue, which can also be combined with other ad hoc solu-
tions;
• "Spaced-out" antigravity ligatures of incompetent and ec-
tasic chyliferous lymphatic vessels, in order to treat gravita-
tion chylous reflux – following the techniques of Servelle
and Tosatti – and if necessary, also
• CO2 -Laser: When applied at low power, this technique
has a welding effect on lymphatics and many other tissues
and blood vessels up to one mm diameter;
• Derivative (lymphatic-venous anastomosis) or reconstruc-
tive (lymphatic-venous-lymphatic plasty) microsurgery:
When applicable, efficacy has been extensively documented.
With well demonstrated techniques, functional solutions
can be fashioned allowing for anti-gravitational discharge
into lumbar, iliac-pelvic, and inguinal lymph nodes – de-
pending on each case – and, when suitable, ectatic collectors
can be harvested.
• In the most difficult cases and those affected by repeated
recurrences, a peritoneo-jugular shunt (Denver, Le Veen
type), which, however, has major limitations in children
and is susceptible to thrombosis from the viscous chylous
lymph.
• In extreme cases, entero-mesentery lymphangiectasia may
be so severe that a full resection of the intestinal segment
prominently affected by dysplasia may be required and, in
the extreme, intestinal transplantation performed.
• Videolaparoscopy as a support to laparotomy: When the
former cannot be performed as an exclusive procedure – and
often associated with CO2 Laser assisted microsurgery –this
approach has been particularly helpful. For better recogni-
tion of chyliferous vessels, the administration of a fatty meal
(60 g of butter in a cup of milk) is useful 4-5 hours before
surgery.

RESULTS
Sixteen patients (14 males, 2 females) at the University
of Genoa have been treated surgically for primary chy-
lous ascites. The group consisted of 6 children between
9 months and 12 years old (median, 8 years) and 10
adults from 23 to 56 years old years (median, 35 years).
All patients were initially treated by a medical ap-
proach alone. They were fed by TPN for a mean of 2
weeks and depending on the presence of the chylous
ascites, one or two peritoneal drainages were placed
into position by laparoscopy. After draining all chylous
ascites, the open surgical procedure began by removing
all dysplastic tissues at the site of the chylous leakage
by multiple lymphatic and chylous ligatures using
nonabsorbable suture material and CO2 laser welding
effect. Afterwards, suitable lymphatic or chylous ves-
sels were used to perform lympho-venous shunts on
mesenteric or iliac veins. Three drainage tubes were
left inside the abdomen, two in the parietocolic area
and one in the pouch of Douglas. TPN was extended
for 10 days and afterwards, appropriate oral feeding
was progressively introduced. Drainage tubes were re-
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moved 10 to 15 days after surgery.
Early relapse of chylous ascites was observed in only
one case, which required a peritoneo-jugular shunt,
which produced a good outcome. All patients must fol-
low an appropriate diet. Bowel resection was not re-
quired in any of the patients. One patient with chyluria
was treated by resection of the perirenal lymphatic ves-
sels. Median follow-up was 5 years (range, 3 to 7
years). Nine patients did not present with relapse of
the ascites or protein-losing enteropathy, and six pa-
tients showed persistence of a small quantity of ascitic
fluid with no protein imbalance or hypoproteinemia.
Eight patients underwent postoperative lym-
phoscintigraphy, which confirmed an improvement in
lymph flow and a decrease in lymph reflux.

GENERAL REMARKS
From the immunological point of view, it is important
to avoid the leakage of immunoglobulins and lympho-
cytes into the ascitic fluid in order to maintain im-
munologic competence. Lymph in the thoracic duct
contains from ~2,000 to 20,000 lymphocytes per mm3,
i.e., a concentration of lymphocytes 2-10 times higher
than in the blood. This lymphocytosis varies according
to the number of lymph nodes, temperature, digestive
phase and endocrine conditions. It is, therefore, easy
to understand the importance of restoring normal
drainage of the intestinal lymph circulation.
In case of an isolated picture of chyloperitoneum, it
should be pointed out that, owing to the primary na-
ture of the disease especially in children and young
adults, the presence of extended cutaneous heman-
giomas in the chest or the limbs – normally flat, of a
cafe au lait or port wine color – may be a sign of the
disease. No familial tendency has yet been confirmed
for these malformations. Clearly information about the
patient's medical history and a clinical examination are
fundamental for diagnosis and must be conducted in a
comprehensive fashion (99).
According to some authors, the definition of “acute
chylous peritonitis” is not accurate, since pain is caused
by the rapid swelling related to chylous leak into the
peritoneal cavity rather than to direct chylous action ir-
ritating or inflaming the peritoneum. However, intra-
operative findings as well as peritoneal biopsies have
shown the presence of significant acute inflammation
process. This finding would confirm the typical clinical
picture of an acute abdomen, which, in about half of
cases could initially lead to an incorrect diagnoses of
"perforated gastroduodenal ulcer,", "acute appendici-
tis," or acute "cholecystitis." These acute forms are un-
likely to be complicated by septic shock. Subacute and
chronic forms are more subtle, where chylous leak is
slow and progressive, with practically no pain, which
the patient feels rather an annoyance or burden due to
abdominal distension. Distension, in turn, raises the
diaphragm, with subsequent significant breathing ca-
pacity reduction and related subjective and objective
symptoms. Vomiting is frequent in children.
In case of slow chylous leak, adult patients can show a

greater adjustment capacity for even for longer periods
(weeks, months, even years) depending on the severity
and cause of chyloperitoneum until some sort of spon-
taneous, probably unstable balance is reached.
In the majority of cases, malnutrition is present, with
significant hypoproteinemia – specially affecting the al-
bumin fraction – and weight loss. Respiratory prob-
lems and steatorrhea are also often present in
PLE-associated forms.
The chylous nature of the effusion can be confirmed not
only from its peculiar milky color, but also by chemical
analysis which will show a high fat concentration
(cholesterol, lipoproteins, chylomicrons). For a proper
differential diagnosis, paracentesis is fundamental: this
procedure allows verification of the nature of the effu-
sion and confirmational clinical and imaging (US and
CT) results. It is generally employed to confirm clinical
assumptions, while laboratory tests are useful to show
the presence of leukocytosis and related lymphopenia.
Particularly in acute onset forms, bacteriological analy-
sis coupled with antibiotic sensitivity is useful to im-
plement a targeted antibiotic therapy when necessary.
In our opinion, all of these patients, even those with
acute onset, should not undergo operation prematurely
until at least a proper diagnosis has been made as to
the nature and site of the likely leak. During this pe-
riod, the patient should be properly metabolically com-
pensated through an appropriate diet with protein
integration and limited lipid input confined only to
medium chain triglycerides (MCT). MCTs, rather than
being absorbed through intestinal chyliferous lym-
phatic roots, use the portal venous pathway. The addi-
tion of water-soluable vitamins (ADEKs tablet) should
also be considered.
In conclusion, considering the etiopathogenesis as well
as the nature and complexity of chyloperitoneum, the
treatment of these difficult pictures and the outcome
significantly depend on the skills of the
physicians/surgeons and on the available technology
and equipment. For this reason, it is highly recom-
mended that these patients be referred to the few cen-
ters that have a specific surgical experience in the
treatment of this disease.

FRONTIERS IN LYMPHATIC SURGERY
In recent years, both primary and secondary peripheral
lymphedemas are becoming better understood and
more manageable problems with increased awareness
and early detection (Fig.6) Nonetheless, apparent non-
operative measures are aimed at minimizing morbidity
without removing the cause of the underlying distur-
bance. Microsurgical derivative and reconstructive op-
erations can restore lymphatic drainage, both in the
short and long term, and the best results are obtained
when these surgical procedures are combined with
physical rehabilitative methods.
Emphasis should be placed on prevention of secondary
limb lymphedemas based on an understanding of the
multifactorial etiology of the disorder (100-108).
Presently, it is possible to identify some preoperative
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factors that distinguish women at greatest risk of de-
veloping lymphedema. By altering the operative man-
agement of the axilla (or in the future-the groin and
retroperitoneum) in patients with cancer requiring op-
erative resection and lymph nodal sampling, and with-
out compromising the principles of cancer treatment,
it may be possible to effect sequelae. It is now also pos-
sible to detect postoperative changes in the latent phase
before the development of swelling. Using these meth-
ods, those in whom lymphedema is most likely to
occur can be identified and early prophylactic initiation
of non-operative methods should prove more effective
than their implementation when swelling has become
established.

The authors of the clinical experience in the prevention
of secondary peripheral lymphedemas involves the use
of an original diagnostic and therapeutic protocol for
lymphedema prevention, which includes apart from
the clinical evaluation of the patient also lymphan-
gioscintigraphy. Lymphoscintigraphy may demonstrate
the presence of pre-existing anatomic abnormalities of
the lymphatic circulation predisposing to specific lym-
phatic circulatory disorders or document the presence
of impaired lymph drainage before the clinical evi-
dence of edema. A therapeutic preventive protocol, in-
cluding non-operative measures and microsurgical
operations may help specifically in avoiding the ap-
pearance of lymphedema or in treating it very early al-

fig.6

fig.7

lowing recovery from the lymphatic disturbance com-
pletely and definitively. Recently, we proposed the use
of microsurgical lymphatic-venous anastomoses for
primary surgical prevention of lymphedema due to
breast cancer treatment by performing microanasto-
moses simultaneously with axillary lymph nodal dis-
section (109-110) (Fig.7).
Surgery exists because of the ignorance of medicine
that could avoid the need for surgery. Using pheno-
type-genotype correlations which are under way, it
may be possible to identify genetic predispositions to
secondary post-surgical lymphedema development
(e.g. genetic defects in lymphatic-specific growth fac-
tors/ receptors). In families with primary lymphedema
where linkage or mutations are identified, testing of
young clinically unaffected members permits early di-
agnosis and preventive management of congenital lym-
phedemas (111-115). Prophylactic and tailored
therapeutic surgery may be based on the individual or
tumor genotype laying the groundwork for “surgicoge-
nomics” analogous to preventive surgery in familial en-
docrine tumors. Gene therapy aimed at stimulating
new lymphatic growth or improved lymphatic function
in affected limbs is also a possibility for the future.
New, large families with primary lymphedema and
much larger well-characterized populations with sec-
ondary lymphedema for genomewide association dis-
covery analysis are needed for further molecular
genetic insights applicable to the clinical arena (Fig.8).

Trauma and reconstruction may long remain the
province of the surgeon including the lymphatic sur-
geon, and the development and testing of lymphan-
giomodulators will need great advances, e.g.
anti-lymphangiotumorigenic agents to surpass some of
the current successes in resective operations for exam-
ple in massive lymphangiomas But only the future will
tell what interventions will fall in and out of the future
surgeon’s province and purview (116) (Figg.9-10).
In summary, as medicine advances, in addition to im-
proved control of primary and invasive cancer and of
infections such as filariasis, which account for the bulk
of acquired lymphedema conditions, both preventive
and new options in non-operative management of lym-
phedema and other lymphatic disorders should emerge
(Figg.11-13). These will range from prevention and

fig.8
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early detection of congenital disorders even during
fetal life; gene therapy and protein replacement to up-
or downregulate lymphatic growth, development, and
tumors (lymphangiomodulators); stem cell therapy, tis-
sue engineering and transplantation to reconstitute
lymphatic channels; drugs to reduce lymph formation
and accelerate lymph flow and propulsion and also to
prevent or minimize the fibrosis, inflammation, im-
munosuppression, elastin destruction, and adipose hy-
pertrophy characteristics of lymph stasis; and evolving
lymphatic genomics and proteomics to assess risk and
personalize new molecular-based therapies. Until then,
guided by improved dynamic and molecular multi-
modal lymphatic system imaging, surgery and sur-
geons will likely play an increasing role in research,
prevention, and management including potential
"cures" of both primary and secondary lymphatic dis-
orders such as chylous reflux syndromes and lymphatic
trauma as well as in correction, resection and/or erad-
ication of major malformations and tumors involving
the lymphatic system (116b)(Fig.14).

fig.9

fig.10

fig.11

fig.12

fig.13

fig.14
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CONFERENCE

A few lines are due to thank the President Professor
Sara Ferri, Professor Mario Comporti and the Board of
Directors of the Accademia dei Fisiocritici who has
agreed to the proposal to invite me to come here today
to expose, together with Fabio Maria Mattei, the tech-
nical developments of the radical prostatectomies. For
many years I have shared with him the urological ac-
tivity in the University Hospital of Siena setting up def-
initely in between 1978 and 1988 the surgical modern
treatment of many malignancies of the urinary tract. At
that time we both have also organized, along five years,
Audiovisual Meetings on those topics, pioneering, in
our Country, the modern teaching communication
methods. That’s why it is for me a great honour and
pleasure as well to take the opportunity of commemo-
rating our Colleague Leonetto Comparini. Professor of
Human Anatomy at the University of Siena who
lended generously to me his Lecture-hall equipped for
distant visual communication. Mattei and I have cho-
sen to present today the surgical modern treatment of
the malignancies of the prostate because, coming first
in our Country, obviously early convinced of its impor-
tance, we have pioneered (Controversies in Urology,
Meeting organized by V.Pansadoro in Fiuggi, Italy
1987: Presentation of 10 cases of Radical “nerve spar-
ing” Retropubic Prostatectomy ) the technique of Rad-
ical Retropubic Prostatectomy as done today
everywhere after it had been proposed by P.C.Walsh,
Urologist at Johns Hopkins Hospital in Baltimore, MD
USA(Cancer,45:1906-1911,1980). Now the minimal in-
vasive techniques of radical prostatectomies, saving the
urinary continence and sexual potency, have come to
the revival of surgical treatment of prostatic cancer neg-
lected for many years.
Early cancer of the prostate, if lymphnodes are not in-
volved and there are no distant metastases calls for
“radical” surgery of the gland (pelvic lymphadenec-
tomy included) as the true eradicative treatment for Pa-
tients if they are good candidates (age, general
conditions, etc) to major surgery. It has to be stressed
the enormous advancement in the field of prevention
and early diagnosis mainly improving the fate of the
Patients aged of 45-65 years almost always asympto-
matic but ideal candidates to healing surgery. Everyone
knows the actual benefit of detecting in serum the Pro-
static Specific Antigen (PSA, total, free and ratio)
whose pathologic values can impose the ultrasound
guided multifocal needlebiopsy of the gland. Ultra-
sound scanning of the prostate, abdominopelvic TAC
and RNM show their usefulness in evaluating the pos-

sible extraprostatic diffusion of the disease and giving
all the important details for correct and better therapy.
Any way no therapy is allowed of course, no matter
whether medical or surgical, until the histologic evi-
dence (Gleason “score”) of malignancy is achieved.
Total body bone scanning is necessary to rule out dis-
tant metastases very often present even for small tu-
mors. Today we can treat and cure surgically neoplasies
confined to the gland. 
It is really incredible that until few decades ago Urol-
ogists were faced with the problem to treat with no
great success, Patients with advanced disease because
the diagnose was based only on Digital Rectal Exami-
nation and the serum dosage of Acid Phosphatase.
That’s why the surgical radical treatment formerly has
been neglected being hormonotherapy with estrogens
or RhGn analogues the only valuable safe treatment for
bulky widespread tumors.
The progress in diagnostic tools has been followed by
concomitant progress of the “radical” retropubic prosta-
tectomy and the total perineal prostatectomy At least
two points deserve to be focused upon: 
First attention payed to the important anatomical de-
tails deeply investigated at level of endopelvic and
periprostatic fascia, of Santorini’s venous plexus and
the nervous supply to both bladder neck
and cavernous bodies and to the branches emerging

from the pelvic autonomic nervous plexus lying be-
tween bladder neck and rectal wall. Thanks to these
studies the ablation of the prostate can be done in an
extracapsular and subfascial radical way saving the
above mentioned structures avoiding important blood
loss, with no risk of permanent urinary incontinence ,
minimizing the risk of sexual permanent impairment.
Such drawbacks in the old past hindered the “wide
field” surgery of the prostate obviously imposed by the
devastating local spreading of the disease;
secondly “radical” retropubic prostatectomy can be
done today with laparoscopic access eluding abdomi-
nal incisions and postoperative pain, reducing also
hospitalization and recovery time. Still more advan-
tages has the more advanced robotic surgery because
of the three-dimensional view and excellent coordina-
tion eye-hand obtaining a superhuman accuracy
mainly if a camera introduced in the abdomen, as re-
cently proposed, adds information during the proce-
dure. It is of paramount interest to say that the
technique of “radical” prostatectomy inside of the
pelvis area no matter whether open or covert, proce-
dure follows the same logical steps each differing from

RADICAL PROSTATECTOMY: A COMPARISON IN TECHNIQUES

Acconcia A.1, Mattei F.M.2

1“Emeritus” Head Physician of Urology, Siena Hospital
2 Urologist in Chief, Private Clinic Rugani, Siena



the others for trivial details.
PC Walsh of Johns Hopkins Hospital, Baltimore,MD
and WF Fair of Memorial Sloan-Kettering Cancer Cen-
ter of New York NY USA have been the leaders of the
anatomical studies setting up the improved surgical
techniques to reduce the blood loss and to save nervous
supply to the membranous urethra, to the pelvic floor
and to the cavernous bodies. Their remarkable merit is
also to have pointed out that Patients reluctant to sur-
gery must be addressed to valuable alternative therapy
even non eradicative but useful. Actually also for Pa-
tients aged over 70 the problem is, for obvious reasons
of “life expectancy”, to slow up the course of an already
slow “per se” illness probably avoiding frequent frac-
tures from painful bone metastases and obstructive uri-
nary symptoms.
The modern “radical” prostatectomy is really a con-
quest for the Urology and consequently Mattei and I at
University Hospital of Siena, Italy have contributed,
since 1985, to the technical advancement of the proce-
dure to improve the functional outcome We presented
at Meeting “Controversies in Urology” Fiuggi Septem-
ber 1987 ten cases of Radical Retropubic Prostatectomy,
“nerve and bladder neck sparing” suggesting precau-
tions in order to reduce further the intraoperative
bleeding (temporary clamping of the anterior branch
of hypogastric arteries, transfixed stitching after clamp-
ing of Santorini’s venous plexus at the level of the
pubic arch, Trendelenburg’s posture during the abla-
tion of the prostate). Consequently in our hands, over
a period longer than ten years intraoperative blood
transfusions are not needed.. The second change we
have added to Walsh’s procedure is to renounce almost
always today to perform a stitched vesicourethral anas-
tomosis because in our opinion in tightening the su-
tures is often possible the pulling out of the
membranous urethra whose saving is essential to pre-
vent urinary continence. The “sutureless” vesi-
courethral anastomosis (Acconcia et Al. The American
Journal of Urology Review; 1:93-96, 2003) implies the
insertion of two lateral stitches on the bladder neck
then transfixing the perineum and there tightened in
order to ensure the approximation of the bladder neck
to the urethra granting the restoration of the urinary
outlet. In our hands this procedure has really resolved
the problem of permanent incontinence a not rare se-
quela of the standard technique.
Now retropubic radical prostatectomy, no matter
whether open or covert, can be done in an antigrade
fashion (starting from the bladder neck) or in a retro-
grade one (starting from the urethra) after the opening
of the endopelvic (periprostatic) fascia just aside of the
prostatic apex and clamping of Santorini’s venous
plexus. The distinctive characteristic of covert (laparo-
scopic or robotic) surgery we can find is that the gland
can be approached both extra-or-intraperitoneally. We
prefer the retrograde open procedure cutting the ure-
thra at the prostatic apex and then stitching the capsu-
lar vessels close to the prostatic capsule so saving the
cavernous neurovascular bundles. The anterior aspect
of the bladder neck is now opened the following step

being the section of the posterior aspect of the bladder
neck.At that level one can see the seminal vesicles and
the deferents that should be gently detached from the
posterior wall of the bladder and from the Denonvillers
fascia. The last step in our hands is to perform the “su-
tureless” vesicourethral anastomosis or to perform a
conventional one. 
Different access is required of course for total perineal
prostatectomy an excellent way in specific cases such
as elderly Patients, obese Patients, respiratory Patients,
Patients previously submitted to major abdominal sur-
gery or enterostomized ones,Patients without any evi-
dence of pelvic lymphnodes involvement. The
procedure needs particular position of the subject the
so-called exaggerated lithotomy position but as soon
as the perineotomy (we follow the Wildbolz/Proust
route) has showed the posterior aspect of the gland the
steps of prostatic ablation are similar to the steps of
retropubic approach. It is definitely possible to perform
also in this procedure an extracapsular-subfascial pro-
cedure saving the neurovascular bundles and reducing
the blood loss because the Santorini’s venous plexus is
put aside. Undoubtedly the vesicourethral anastomosis
is easier in this procedure than in retropubic. Mattei
and I have contributed to exploit the advantages of the
perineal total prostatectomy mainly in selected cases
because of reduced surgical risk even with the same
oncological and functional outcome (Paulson DF,
J.Urol., 118:504-506, 1982).
The drawback of this procedure is that it ask for longer
training time and expose to the risk of rectal injury in
not experienced hands.
So radical prostatectomy whatever the technique, is a
major potentially curative procedure in the treatment
of organ confined prostate malignancy It is also unde-
niable that in recent years the laparoscopic (mainly
transperitoneal) procedure has become popular be-
cause minimally invasive, reducing postoperative pain
and recovery time. In terms of oncologic and functional
(urinary continence and sexual potency) outcome the
results are similar to that of open surgery.. But the fact
remains that the learning curve is long and “it is to be
emphasized that only a long term stay of at least 3
months in training may guarantee the adequate safe
transfer to expertise” (J.Rassweiler, Heilbronn, Ger-
many). We would like also to stress the economic side
in setting up the laparoscopic equipments. There is no
doubt that robotic surgery offers more advantages than
laparoscopic also in terms of a shorter learning curve.
We know that today in U.S.A. 60% of radical prostate-
ctomies are done as robotic surgery. But we are sceptic
about the economic feasibility of such a revolutionary
and brilliant technical/technological technique at any
Health Care Institute all over the world.
In conclusion we really are convinced that holding
back progress is a stupid attitude. Consequently we
think that in the next future radical prostatectomies
will be done mainly as laparoscopic or robotic surgery
but, for obvious reasons we still consider unavoidable
at least at present , to train new generation of surgeons
to open surgery.
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ABSTRACT OF SEMINAR

Although being currently illustrated in Biochemistry textbooks, NAD+ metabolism is
still largely undefined in its features. Specifically, enzymes involved in NAD+ biosyn-
thesis and some of the enzymes involved in its utilization localize to distinct subcellular
compartments of the same cell and, functionally, also to different cell types of the same
organism. These findings lead to revolutionize current ideas. For instance,

1)NAD+ biosynthesis from several precursors (e.g., Nicotinamide,
Nicotinic Acid, Nicotinamide mononucleotide, Nicotinamide ribo-
side, Tryptophan, collectively defined Vit. B3) is a systemic yet seg-
mentary process, whose individual steps may occur in different
cells/tissues/organs. These activate a crosstalk via the exchange of
intermediate metabolites in biological fluids and the eventual NAD+
biosynthesis takes place in selected cells able to utilize it in diverse,
fundamental processes. Therefore, NAD+ metabolism is an organ-
ismal process encompassing local events.

2)Utilization of NAD+ for regulation of cell functions involves the
trafficking, both subcellular (autocrine) and intercellular
(paracrine), of signal-metabolites including NAD+ itself and
NAD+-derived second messengers, e.g. Cyclic ADP-ribose and ADP-
ribose. This hitherto unrecognized trafficking involves a complex in-
terplay of ectoenzymes (e.g. CD38), plasmamembrane receptors and
related signal transduction pathways, equilibrative and concentra-
tive transporters, ion channels, whose outcome is the fine control of
intracellular Ca2+ homeostasis and of Ca2+-dependent cell func-
tions.

Further elucidation of compartmentation of NAD+ and more extensive identification
of its precursors/metabolites is expected to unveil at the mechanistic level a number
of physiological and pathological processes, e.g. aging and age-related diseases.
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CHYLOUS ASCITES: CASE REPORT

Lo Gatto M., Varrone F., Marzocca G.

Department of Surgery and Surgical Specialities
University of Siena, Italy.

Introduction
Most of the diseases of the lymphatic vessels chiliferi chylous
reflux are related to gravitational dysplasia of lymphatic col-
lectors  and  Chilosi,  with  parieto-valveinsufficiency.  It is,
however, of paintings relatively rare, occurring in most cas-
esalready  in the newborn  or  child,  in relation to extent
and severity of malformations lymphangitis-chilodisplastic
that underlie these complex pathological manifestations. The
chylous ascites is a rare clinical  manifestation of chylous’

vessel pathology. The authors present a case report of chy-
lous  ascites,  which classification is performed during ex-
ploratory laparotomy, because  the  CT images gave
a framework for doubt bowel infarction.
Materials and Methods. B.A.,  a woman of  84 years,  ar-
rives at our Unit, sent from the emergency department for
acute abdomen.
Discussion. Are no epidemiological data reported in litera-
ture relating to diseases of the thoracic duct of cysterna chyli
intestinal vessels and, in particular as regards theforms dys-
plasia.
Conclusions. The chylous ascites is often a difficult diagnosis
to make clinically, CT often shows a picture  comparable. Ei-
dological intestinal infarction in case of acute abdomen, as
the case report  presented by the authors, and the suspicion
of a bowel infarction, the Surgeon just have to   perform an
exploratory laparotomy with a diagnosis of chylous ascites
and  its  drainage,  with  a high risk of death from cardio-cir-
culatory failure.
Keywords: Chylous ascites, case report.

OFF-LABEL USE OF PAMIDRONATE IN HYPER-
CALCEMIC NEWBORN AFFECTED BY SUBCUTA-
NEOUS FAT NECROSIS AFTER THERAPEUTIC

HYPOTERMIA

Rodriquez D, Bertrando S, Cornacchione S, Coviello
C, Stazzoni G, Tei M, Perrone S, Buonocore G.

Department of Pediatrics, Obstetrics and
Reproductive Medicine, University of Siena, Italy.

Background: Subcutaneous fat necrosis is a dermatological
disorder with characteristic subcutaneous nodules or
plaques. It has a benign nature and generally runs a self-lim-
iting course, although can cause significant  and dangerous
complications, including hypercalcemia. Outbreak of hyper-
calcemia occurs even several months after hypothermic treat-
ment in asymptomatic or symptomatic way. Irritability,
lethargy, hypotonia, emesis, polyuria, polydipsia, constipa-
tion and failure to thrive are the most common symptoms of
hypercalcemia while seizures, cardiac arrest and acute or
chronic renal failure are the most serious manifestations.
Chronic hypercalcemia is also associated with nephrocalci-
nosis and metastatic calcifications of skin, heart, lever and
vessels.

Low calcium and vitamine D formula preparation milk, di-
uretics, such as furosemide, and corticosteroids are first-line
treatments. In some refractory case pamidronate is used.
Pamidronate is a biphosphonate which can modulate bone
turnover by leading hydroxyapatite crystals, and it can in-
hibit osteoclastic bone resorption.
Observation: A male full-term infant weighing 2,300 grams
was born after an emergency cesarean section due to fetal
heart rate decelerations. His initial Apgar scores were 1 at 1
minute, 4 at 5 minutes and 8 at 15 minutes. Due to hypoxic-
ischaemic encephalopathy (stage 1 of Sarnat classification,
with abnormal voltage and paroxysmal activities at elec-
troencephalogram),a whole-body therapeutic hypothermia
was initiated before sixth hour of life. It was performed to a
target rectal temperature of 33,5°C, for about 36 hours. In the
third day of life, he developed characteristic subcutaneous fat
necrosis skin lesions, such as firm, indurated plaques and red
and violaceous nodules, on the upper back area and buttocks. 
One month after the hypotermic treatment the infant devel-
oped a rapid, asymptomatic increase of  calcemia. First his
milk was changed to a very low calcium and vitamin D for-
mula preparation, without a clinical improvement. Hypercal-
cemia (total serum calcium 13,8 mg/dL [reference range
9-10.9 mg/dL] and ionized calcium 1,96 mmol/L [reference
range 1,12-1,32 mmol/L]) was successfully treated with a 3-
days therapy of intravenous pamidronate at dose of 0,5
mg/kg/die. 
No side effects were detected during the treatment and  then
serum calcium levels remained stable.

Annual scientific meeting November 7 2011
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ITALIAN SECTION

Per il ciclo espositivo annuale “Scavi nel patrimonio li-
brario della Biblioteca dell’Accademia dei Fisiocritici”,
il 27 ottobre 2010 si apriva nei locali dell’Accademia
dei Fisiocritici la mostra “IL FONDO SENESE DEL
BOTANICO RODOLFO PICHI SERMOLLI”. Realiz-
zata nell’ambito dell’iniziativa “Tipi da biblioteca”,
promossa dalla Regione Toscana in concomitanza a
quella annuale “Ottobre piovono libri” indetta dal Mi-
nistero per i Beni e le Attività culturali, l’esposizione,
inizialmente visitabile fino al 12 novembre, è stata poi
prorogata al 30 novembre. In esposizione alcuni dei vo-
lumi più significativi e rari del Fondo Rodolfo Pichi
Sermolli (Firenze 1912-2005): fra questi una ventina di
libri illustrati dei secoli XIX-XX e alcune belle tavole
ottocentesche. 
Il catalogo della mostra è stato realizzato dalla Prof.
Paola Martelli, già allieva di Pichi Sermolli e oggi So-
printendente alla Biblioteca dell’Accademia dei Fisio-
critici.
L’Accademia aveva acquisito il fondo Pichi Sermolli
anche con il contributo della Fondazione Monte dei Pa-
schi di Siena ottenendo un duplice risultato. Salvare
dalla dispersione sul mercato un ingente patrimonio di

circa 900 volumi, molti dei quali antichi e rari, e 9000
miscellanee; cogliere l’opportunità di migliorare il li-
vello della sezione botanica, forse il punto più debole
del raro e prezioso patrimonio della sua biblioteca, spe-
cializzata in materie scientifiche, e ricco di circa 35.000
volumi editi dal 1500 in poi, 160 testate di periodici
correnti, 1000 testate di periodici non più attivi e 21
fondi librari costituiti tutti per donazione a partire dal
XX secolo.
Docente universitario, scienziato, esploratore, Rodolfo
Emilio Giuseppe Pichi Sermolli, fiorentino, si laurea
nel 1935 con una tesi svolta presso l’Istituto di Botanica
- Facoltà di Scienze Naturali dell’Università di Firenze
-, dove rimane come assistente fino al 1958. 
Lo sviluppo della sua carriera accademica si svolge in
vari periodi nelle sedi universitarie di Siena -dove in-
segna Botanica farmaceutica dal 1953 al 1958 -, Sassari,
Genova e, nel 1972, a Perugia, quando viene chiamato
a coprire la cattedra di Botanica Sistematica in qualità
di Professore Ordinario. In quella sede resterà fino al
termine della sua carriera universitaria.
La sua attività scientifica, iniziata con la preparazione
della tesi sullo studio di aspetti della flora e vegeta-
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The private library of the botanist Rodolfo Pichi Sermolli (b. Florence, 1912 - d. there 2005) was acquired in 2008 by the Ac-
cademia dei Fisiocritici with the support of the Fondazione Monte dei Paschi di Siena, thus adding 900 volumes and 9000
miscellaneous items of scientific and cultural value to the library of the Accademia (specialized in scientific matters), which
already vanted about 35,000 volumes published since XVI century, 160 current journals, 1000 defunct journals, and 21 private
collections donated in the XX century.
After getting his degree in Natural Sciences at the Università di Firenze, Rodolfo E.G. Pichi Sermolli had a brilliant career as
scientist, explorer, and university professor at various italian universities including that of Siena and the Università di Perugia,
from which he retired as Professor Emeritus. He became one of the leading world experts in pteridology (the study of ferns)
and on the tropics, a topic to which he made memorable contributions including the book, Missione di Studio al Lago Tana
(Investigations of Lake Tana) published by the Accademia Nazionale dei Lincei in 1951. He was also the recipient of national
and international awards and posts.
Aside from his scientific papers published in international journals, he left a 25,000 - sample fern herbarium with its associ-
ated library (bought by the Museo di Storia Naturale dell'Università di Firenze) and a personal library, which, with its ample
collection of books, maps, atlases and assorted documents, is what now makes up the Fondo Pichi Sermolli in the Academia’s
Library. Just to mention a few items it contains, there are books describing daring explorations and important discoveries in
tropical lands by O. Beccari, G. Dainelli, R. Jeannel, A. Auberville, and R. Pichi Sermolli himself. Another important group
are books regarding Linnaeus by V.B. Wittrock, B. Soulsby et al., D.F.L. Von Schelektendal, among many others.
Special mention should be made of the in folio The Ferns of Great Britain and Ireland, by Thomas Moore, published by Brad-
bury and Evans, London, 1855, valuable not only for its scientific merit but especially for its vivid plates made by impressions
of ferns obtained by technique of “Nature Printing” and then hand painted.



zione toscana, si estende rapidamente al campo della
pteridologia, lo studio delle felci e dei gruppi tassono-
mici più vicini a queste, nel quale diviene uno dei mas-
simi esperti mondiali, e a quello tropicale in cui lascerà
importanti e indelebili testimonianze tra le quali il vo-
lume Missione di studio al Lago Tana pubblicato dall’Ac-
cademia Nazionale dei Lincei nel 1951.
Tra i tanti riconoscimenti e incarichi nazionali e inter-
nazionali vanno citati: Premio Hailé Selassié per gli
studi etiopici (Fig.1); Membro onorario straniero della
Lynnean Society di Londra; Membro Onorario del-
l’American Fern Society; Membro del Comitato Con-
sultivo del “Hunt Institute for Botanical
Documentation” Carnegie-Mellon University di Pitt-
sburgh; invito a partecipare ai Comitati preposti alla
stesura e pubblicazione delle mappe geobotaniche afri-
cane pubblicate dall’Association pour l’Étude Taxono-
mique de la Flore Tropicale (1959) e dall’UNESCO
(1983), mappe che hanno dato un contributo fonda-

mentale nel campo cartografico.
Nel 1988 si ritira in pensione con il titolo di Professore
Emerito conferitogli dalla Università di Perugia e si sta-
bilisce nel Chianti fiorentino, dove si dedica ai suoi
studi di nomenclatura, tassonomia, sistematica e geo-
botanica. Insieme alla moglie Maria Paola Bizzarri, an-
ch’essa esperta di felci, lavora per lungo tempo ad una
indagine sulle raccolte pteridologiche effettuate da
Giuseppe Raddi in Brasile (1817-1818) conclusasi con
la stesura di un libro. Non poté vederne la pubblica-
zione avvenuta nel giugno del 2005, due mesi dopo la
sua scomparsa nell’aprile dello stesso anno.
I risultati delle sue ricerche scientifiche sono testimo-
niati da riviste a diffusione internazionale.
Una raccolta di volumi di pteridologia e l’Erbario Pte-
ridologico, - 25.000 campioni - sono stati acquisiti dalla
Sezione Botanica del Museo di Storia Naturale del-
l’Ateneo Fiorentino. 
Il patrimonio librario della sua biblioteca personale,
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Fig.1. Premio Hailé Selassié per gli studi etiopici. Addis Abeba (Etiopia), 6 Ottobre 1966
Rodolfo Pichi Sermolli è il quarto da sinistra, accanto al Negus Selassié



dopo l’acquisto, costituisce oggi il Fondo Senese del
Botanico Rodolfo Pichi Sermolli.
Questa ricca raccolta di volumi, atlanti, carte e docu-
menti vari, che arricchisce attualmente la Biblioteca
dell’Accademia dei Fisiocritici, è testimone dei tanti in-
teressi culturali e scientifici di Pichi Sermolli, già sopra
stigmatizzati dai premi e riconoscimenti internazionali
a lui conferiti.

Nel settore tropicale, spiccano le opere di due autori
italiani: Odoardo Beccari (1843-1920) e Giotto Dai-
nelli (1878-1968), illustri rappresentanti di quei per-
sonaggi capaci di essere contemporaneamente
scienziati, esploratori, scrittori e narratori quando, tra
la metà dell’800 e la metà del ‘900, da varie nazioni
partono spedizioni verso territori africani e asiatici per
scopi scientifici e anche per ricavare da quelle terre ri-
sorse utili ai loro paesi. Ambedue fiorentini da definire
però cittadini del mondo tanta è la loro notorietà meri-
tata dalle imprese compiute durante le loro avventu-
rose vite di cui possiamo qui dare solo una breve
sintesi. 
Odoardo Beccari inizia la sua attività subito dopo la
laurea in Scienze Naturali (Firenze, 1864), quando re-
catosi in Inghilterra per visitare i famosi R. Botanic
Gardens di Kew, conosce e frequenta Charles Darwin
e si incontra con James Brooke, allora Rajah di Sara-
wak. Con lui, parte nel 1865 per la Malesia dove com-
pie audaci spedizioni dalle quali riporta numerosi
campioni botanici e faunistici. Si ammala di malaria,
rimpatria, si cura e torna a viaggiare. Etiopia, Giava,
Sumatra, Nuova Guinea, India, Australia, Tasmania e
Nuova Zelanda sono tutti paesi dai quali riporta cam-
pioni di centinaia di piante sconosciute. Famosi i suoi
studi sulle palme presenti nelle pubblicazioni del
fondo che custodisce anche un corposo numero di mi-
scellanee tutte da studiare. Nel 1902 pubblica il libro
Nelle foreste di Borneo - viaggi e ricerche di un naturalista. Il
successo con cui viene accolto supera i confini dell’Ita-
lia e, tradotto in inglese e altre lingue, conquista anche
un pubblico internazionale. Viene nominato Membro
Onorario Straniero della Britannica Linnean Society
grazie al lavoro da lui fatto presso l’erbario dei R. Bo-
tanic Gardens di Kew, e ammesso all’Accademia dei
Lincei per suoi eccezionali meriti di naturalista e di bo-
tanico. Il mondo culturale lo ricorda ancora con mostre
e conferenze.
Non è da meno Giotto Dainelli (1878-1968). Si laurea
in Scienze Naturali a Firenze e si perfeziona all’Univer-
sità di Vienna. Geologo, paleontologo, storico delle
esplorazioni, fu uno dei più profondi conoscitori del
Karakorum e della Regione Himalayana dove, durante
le sue spedizioni, aveva raccolto una enorme quantità
di dati, reperti e documentazioni fotografiche ricordate
anche recentemente, proprio nell’Accademia dei Fisio-
critici con l’iniziativa “Quando l’Himalaya era più lon-
tano delle stelle. Spedizioni scientifiche d’altri tempi”
realizzata nel 2008. A riconoscimento indelebile e mon-
diale del suo contributo gli fu intitolata una cima dei
monti del Kazbek nel Caucaso Georgiano. Dal fondo
senese di Pichi Sermolli è da citare il suo libro La Re-

gione del Lago Tana che narra la spedizione da lui orga-
nizzata e diretta in quella parte del Corno d’Africa. Tra
la schiera di giovani scienziati che ne facevano parte
come collaboratori figura Rodolfo Pichi Sermolli, ex al-
lievo di Dainelli. Il libro inizia con la descrizione scien-
tifica della regione - caratteristiche geologiche,
idrografia, clima, vegetazione, fauna - e termina con il
capitolo forse più affascinante, “le genti del Tana” e
tutto ciò che riguarda la loro civiltà: agricoltura, alle-
vamento indigeno, mercati, abitazioni, gli agglomerati
maggiori, le chiese e anche le leggende e i castelli di
Gòndar. Il libro è corredato da 174 illustrazioni inedite
e una carta geografica, opere dello stesso Dainelli.
Con gli stessi motivi e scopi, e più o meno nello stesso
periodo, partivano dalla Francia René Jeannel (1879-
1965) e André Aubreville (1897-1982). 
Il libro di René Jeannel, Hautes Montagnes d’Afrique, ha
lo scopo di descrivere le alte montagne dell’Africa
Orientale all’epoca dei safari a piedi, da lui esplorate
ai primi del ‘900 (Fig.2). Abile narratore e profondo co-
noscitore della natura, in 14 capitoli, l’autore tratta vari
aspetti di quei luoghi: le prime scoperte, il Ruwenzori
e la sua esplorazione; i vulcani del Virunga; il Kiliman-
dgiaro e le sue due cime Kibo e Mawenzi; i monti Mèru
e Kenia - proprio sotto l’equatore -; la catena dell’Aber-
dare; il monte Elgon e il Cherangani; le cime dell’Abis-
sinia, la genesi delle alte montagne orientali, i
ghiacciai, la flora e la fauna.
André Aubreville, ingegnere incaricato alla dirigenza
di molti enti per lo studio di acque e foreste delle colo-
nie, riesce a divenire un esperto mondiale di botanica,
geobotanica, bioclimatologia e paleostoria della flora
tropicale. Il suo libro La Flore Forestière de la Côte d’Ivoire
è un’opera grandiosa che in tre volumi raccoglie i ri-
sultati di una ricerca durata molti anni che ha come og-
getto lo studio della foresta equatoriale della Costa
d’Avorio. La missione era sostenuta da enti culturali e
dal governo dell’impero coloniale francese con lo scopo
di ottenere una conoscenza più sicura delle ricche ri-
sorse boschive della Costa d’Avorio. Ad esempio, nelle
importazioni del legno di Acacia si era creata una dan-
nosa confusione con conseguenti danni nei cantieri
edili francesi terminata solo quando si capì che tutto
dipendeva dal fatto che gli indigeni, da zona a zona,
chiamavano lo stesso legno con nomi diversi. Al suo
arrivo, l’autore, definisce la foresta “immensa e inquie-
tante”, “straniera a noi bianchi”, mentre gli sembra acco-
gliente verso i “neri”. La sua meta diventa quella di
poterla conoscere e ordinare con criteri scientifici espo-
nendo poi i risultati in maniera corretta e comprensi-
bile agli operatori tecnici che se ne sarebbero avvalsi
nel loro lavoro. Ci riesce. Il suo libro viene definito
un’opera indispensabile a chiunque si interessi ai ve-
getali legnosi dell’Africa occidentale in generale.
Nel fondo librario di Pichi Sermolli figurano anche
molti volumi riferiti a Carolus Linnaeus (o Carl von
Linné, dopo l’attribuzione del titolo nobiliare conferi-
togli nel 1761 dal re di Svezia, più semplicemente in-
dicato come Linneo), personaggio predominante nella
storia della botanica e considerato il padre della tasso-
nomia moderna, altro settore molto studiato da Pichi
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Sermolli. Tra i tanti fi-
gurano: Catalogus Illu-
stratus Iconothecae
Botanicae Horti Bergiani
Stockholmiensis, pubbli-
cato a Stoccolma nel
1903 - autore Veit
Brecher Wittrock
(1839-1914). Opera
sull’origine del Giar-
dino Bergius di Stoc-
colma nato dalla
cessione del giardino
dei fratelli P.J. e B.
Bergius all’Accademia
delle Scienze di Stoc-
colma in omaggio al
grande compatriota e
scienziato Linneo. Il re
di Svezia affidò la cura
del patrimonio a Wit-
trock, botanico e do-
cente presso
l’Università di Stoc-
colma che, con grande
abilità, aumentò le di-
mensioni e la bellezza
del dono bergiano av-
viandolo ad assumere
l’ammirevole aspetto
con cui oggi si pre-
senta ai suoi visitatori.
Il libro contiene molte
illustrazioni: ritratti
dei due fratelli Ber-
gius, vedute dei vecchi
Horti Bergiani e di
luoghi linneani, una
serie di sette ritratti di
Linneo ripreso a varie
età, una galleria di ri-
tratti di illustri bota-
nici allora esistenti,
suddivisi tra le nazioni di appartenenza. Tra gli italiani
figura Odoardo Beccari. Sulla copertina si legge ancora
la dedica scritta in latino “Professori celeberrimo O. Beccari
- d.d.d. (dono dedit dedicavit) - auctor”; A catalogue of the
works of Linnaeus, pubblicato a Londra nel 1933 in una
edizione rivista e accresciuta da Basyl H. Soulsby
(Fig.3). Il volume è un aggiornamento del catalogo delle
opere di Linneo presenti nel British Museum, iniziativa
apprezzata dalle più importanti biblioteche svedesi ed

anche europee. Soulsby, bibliotecario del British Mu-
seum, era solito affermare orgogliosamente che “dopo
quella di Uppsala, la collezione Linneana di South
Kensington è la migliore del mondo”; Flora Von Deut-
schland, autoreDiederich Franz Leonhard Von Schle-
chtendal (1794 -1866), professore di Botanica,
curatore dell’annesso giardino Botanico presso l’Uni-
versità Martin Luther di Halle-Wittenberg e redattore
della rivista Linnaea. L’opera completa consta di 30 vo-
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Fig.2. Ghiacciaio del Kibo,
versante ovest, visto da 4.800
metri di altitudine, al limite
superiore della vegetazione in
R. Jeannel, Hautes mon-
tagnes d'Afrique, Paris,
1950, pl. XIII
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Fig.3. Ritratto di Carlo Linneo in costume lappone,
in A catalogue of the works of Linnaeus, 2. edizione, London, 1933, antiporta



lumi rilegati in tela,
di cui una serie è
dedicata al testo e
una serie (Atlas) in
cui identici volumi
sono invece conte-
nitori di 3283 tavole
a colori, numerate e
schedate, relative
ad esemplari delle
piante raccolte e
studiate.
Interessanti le più
recenti opere lin-
neane del fondo per
le quali viene adot-
tata la tecnica delle
riproduzioni ana-
statiche e del facsi-
mile di libri antichi
che il pubblico
aveva già dimo-
strato di apprezzare
nel passato. Lo
scopo degli editori
che pubblicano si-
mili opere è quello
comune di facili-
tarne l’accesso a un
più largo numero di
potenziali interes-
sati. Un primo
esempio è il Sertum
Anglicum, libro raro
e prezioso pubbli-
cato a Pittsburgh
nel 1963 - autore
Charles-Louis L’-
Héritier De Bru-
telle (1746-1800).
La casa editrice, The
Hunt Botanical Li-
brary, annuncia la
pubblicazione del
primo facsimile.
Importante da un
punto di vista tasso-
nomico con tredici
nuovi generi e 65
specie e illustrato da due famosi artisti dell’epoca spe-
cializzati in disegni botanici, il libro aveva suscitato
l’interesse degli orticultori che già nei giardini di Parigi
e di Londra avevano introdotto nuove piante in esso
segnalate seguendo gli insegnamenti di Linneo. È in-
vece a Londra che nel 1973 la Ray Society pubblica in
ristampa anastatica il volume Synopsis Methodica Stirpium
Britannicarum - autore John Ray (1627-1705) (Fig.4).
Ricco di informazioni su caratteristiche territoriali e
sulle proprietà di moltissime piante, il libro era stato
da subito considerato come un indispensabile manuale
di consultazione da farmacisti, medici, uomini di

chiesa, coltivatori,
proprietari terrieri,
escursionisti e an-
cora ben accettato
dai moderni bota-
nici. La nuova veste
riporta interessanti
notizie storiche sul-
l’opera, il facsimile
dell’opera originale
e quello della Flora
Angelica pubblicata
da Linneo al quale
veniva imputato di
aver tratto molto
vantaggio dal libro
del collega inglese. 
Occorrerebbe uno
spazio molto mag-
giore di quello qui
disponibile per il-
lustrare anche solo
indicativamente
altri esemplari rari
e preziosi testimoni
di una cultura
mondiale. 
Questa rassegna si
conclude quindi se-
gnalando il volume
forse più impor-
tante presente nel
fondo senese Pichi
Sermolli, sia per
perché raro e pre-
zioso, sia perché il
suo contenuto ri-
guarda il campo
della pteridologia
in cui lo studioso
era divenuto
esperto mondiale:
The Ferns of Great
Britain and Ireland,
un in folio pubbli-
cato in tiratura li-
mitata a Londra nel
1855 dalla Brad-
bury and Evans,

Whitefriars - autore Thomas Moore (1821-1887).
Oltre al valore scientifico, il libro si distingue in ma-
niera particolarmente interessante in quanto scritto da
un famoso pteridologo, pubblicato da un altrettanto fa-
moso editore e anche perché le splendide tavole degli
esemplari, colorate a mano, sono state riprodotte
usando la particolare tecnica del Nature Printing.
Il fondo Pichi Sermolli è già parzialmente fruibile agli
studiosi e la Biblioteca dei Fisiocritici si augura di
poter avere in futuro i mezzi necessari per procedere
nell’impegnativo lavoro di inventariazione e cataloga-
zione.
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Fig.4. J. Ray, Synopsis methodica stirpium Britannicarum, Londra, 1724,
front. Ristampa anastatica della London Ray Society, Londra, 1973
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