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No barrier to fertilizationNo barrier to fertilization

Fertilization rate Fertilization rate 
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No selection against No selection against 
DNA damaged spermDNA damaged sperm
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Sperm DNA  damage can affect the  reproductive Sperm DNA  damage can affect the  reproductive 
process  at different levelsprocess  at different levels

Oocyte repairingOocyte repairingOocyte repairingOocyte repairing
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Limitations:

1) Embryo ( and 2PN ) cryopreservation is not permitted
2) The embryo production techniques

a number of embryos higher than

Law regulating ART procedures  (Law 40 ) and  integrative
Guidelines ( DM 21-7-2004)  from March 2004 to   April 2009

a number of embryos higher than
one only simultaneous transfer, anyhow

3) PGD-AS embryo’s selection is banned
4) Embryos can be discarded only

degeneration.

As a direct consequence, a maximum of
for insemination 

1) Embryo ( and 2PN ) cryopreservation is not permitted
techniques – are not allowed to produce

than the quantity strictly needed for

Law regulating ART procedures  (Law 40 ) and  integrative
2004)  from March 2004 to   April 2009

than the quantity strictly needed for
anyhow not more than three.

banned
only when showing clear signs of

maximum of 3 eggs had  be used
for insemination 



Gametes   selection  became  crucial  Gametes   selection  became  crucial  
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AdvancedAdvanced LaboratoryLaboratory
S.I.S.Me.RS.I.S.Me.R

SemenSemen evaluationevaluation

DNA DNA 

condensationcondensation

DNA DNA 

fragmentationfragmentation

LaboratoryLaboratory ofof AndrologyAndrology
S.I.S.Me.RS.I.S.Me.R

beforebefore treatmenttreatment

AneuploidiesAneuploidies

(FISH)(FISH)



INTRACYTOPLASMIC MORPHOLOGICALLY  
SELECTED SPERM INJECTION 

IMSSI

Peer et al. 2007 Fertil Steril 88, 1589-1594
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Human spermatozoa possess
characteristics of birefringence
due to the anisotropy of their
protoplasmic texture.

SPERMATOZOA
PROTOPLASMIC STRUCTURE

midpiece

mature sperm nucleus

mature acrosomal complex

nucleoprotein filaments - arranged in 
rods and longitudinally oriented 

protein subacrosomal filaments -
longitudinally oriented

possess
birefringence

their

SPERMATOZOA
PROTOPLASMIC STRUCTURE

arranged in 
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Birefringence Birefringence Birefringence Birefringence 

Information on the inner Information on the inner 
structures that is closer to TEM structures that is closer to TEM 
than that obtained by light than that obtained by light 
microscopemicroscope

Presence of birefringencePresence of birefringence is the is the 
expression of an organized and expression of an organized and expression of an organized and expression of an organized and 
very compact texture very compact texture 
( nonpyknotic nuclei, normal ( nonpyknotic nuclei, normal 
acrosomes, motile tails)acrosomes, motile tails)

“ good health” “ good health” 

of the sperm cellof the sperm cell



The proportion of The proportion of 
birefringent spermatozoa birefringent spermatozoa 
was was positively correlatedpositively correlatedwas was positively correlatedpositively correlated
with concentration, with concentration, vitalityvitality
and progressive motilityand progressive motility

S.I.S.ME.R.S.I.S.ME.R.
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Aim of the study Aim of the study 

ToTo establishestablish whetherwhether aa correlationcorrelation couldcould
texture,texture, asas identifiedidentified byby birefringencebirefringence
spermsperm cells,cells, determineddetermined usingusing thethe
mediatedmediated dUTPdUTP--nicknick endend labelinglabeling (TUNEL)(TUNEL)

Aim of the study Aim of the study 

couldcould bebe assessedassessed betweenbetween protoplasmicprotoplasmic
properties,properties, andand DNADNA fragmentationfragmentation ofof
terminalterminal deoxynucleotidyldeoxynucleotidyl transferasetransferase

(TUNEL)(TUNEL) assayassay
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Results

Correlation between sperm head birefringence and DNA fragmentation

DNA Fragmentation (%) / Total Sperm Birefringence (%)DNA Fragmentation (%) / Total Sperm Birefringence (%)
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DNA.
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Results

Correlation between sperm head birefringence and DNA fragmentation

DNA Fragmentation (%) / Total Sperm Birefringence (%)DNA Fragmentation (%) / Total Sperm Birefringence (%)

r= r= -- 0.580.58
P= 1.04EP= 1.04E--0505

inversely correlated with the incidence of fragmented

OAT Severe OAT Severe 

+ + AT ModerateAT Moderate
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DNA Fragmentation (%)
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Results

Correlation between sperm head birefringence and aneuploidy

Total aneuploidy (%) /  Total Birefringence (%)  
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the frequency of total aneuploidy (P= 9.59E-7).
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Results

Correlation between sperm head birefringence and aneuploidy

Total aneuploidy (%) /  Total Birefringence (%)  

R= - 0.68

spermatozoa was inversely correlated with
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X    Normal
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Polarization microscopyPolarization microscopy

analyzer

compensator

B.Baccetti B.Baccetti –– Microscopical advances in assisted reproduction Microscopical advances in assisted reproduction 
Cytol.Pathol., 36 (3Cytol.Pathol., 36 (3--4), 3334), 333--339, 2004.339, 2004.

Polarization microscopyPolarization microscopy

Microscopical advances in assisted reproduction Microscopical advances in assisted reproduction -- J. Submicrosc. J. Submicrosc. 

S.I.S.ME.R.S.I.S.ME.R.
Vision 2000Vision 2000



birefringent (a) 

and no birefringent  (b).

““DiagnosisDiagnosis” ” ofof birefringentbirefringent and and notnot
withoutwithout affectingaffecting theirtheir vitalityvitality

aa

b

notnot birefringentbirefringent spermatozoaspermatozoa



9 Normospermic9 Normospermic

112 cycles112 cycles 89 OAT 89 OAT 

StudyStudy GroupGroup

ICSI ICSI byby birefrigencebirefrigence

Prospective controlled trial

14 TESE14 TESE

8585 27 27 
Fresh Fresh 
CyclesCycles

Thawed Thawed 
Oocytes Oocytes 

AccordingAccording toto thethe ItalianItalian lawlaw onon IVFIVF ((20042004--20092009
inseminatedinseminated perper patientpatient andand allall thethe generatedgenerated embryosembryos

Gianaroli et al. (2007) Sperm selection for icsi according to the presence of birefringence in the sperm 
head. Fertil Steril. DOI: 10.1016/jfertnstert.2007.05.078

ControlControl GroupGroup

ConventionalConventional ICSI   ICSI   

119 cycles119 cycles

9 Normospermic9 Normospermic

97 OAT 97 OAT 

Prospective controlled trial

13 TESE13 TESE

9090 29 29 
Fresh Fresh 
CyclesCycles

Thawed Thawed 
Oocytes Oocytes 

20092009),), onlyonly threethree oocytesoocytes couldcould bebe
embryosembryos werewere transferredtransferred..
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Study groupStudy group

No. Cycles 112
Age 34.8±±±±4.4
% birefringent spermatozoa 39.9±±±±30.4
No. Fertilized oocytes (%) 235/317 (74)
No. Embryos 204 (87)

Cumulative Results

No. Embryos 204 (87)
grade 1 day +2 178 (87)
4c-1 66 (32)
grade 1 day +3 144/164 (88)
8c-1 54 (33)

No. Transferred cycles 101
No. Transferred embryos 184 (1.8±±±±0.7
No. Clinical pregnancies (%) 31 (31)
Implantation Rate (%) 35/184 (19.0)
Abortions (%) 5 (16)
Ongoing pregnancy rate (%) 26/112 (23)

Study groupStudy group ControlsControls

119
35.7±±±±4.7
-
248/342 (72)
210 (85)

235/317 (74)

Cumulative Results

PP

210 (85)
177 (84)
57 (27)
117/135 (87)
27 (20)
104
196 (1.9±±±±0.7)
22 (21)
22/196 (11.2)
9 (41)
13/119 (11)

164 (88)

0.7)

35/184 (19.0)

<0.01

<0.02
<0.01
<0.01
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Gianaroli et al. (2007) Sperm selection for icsi according to the presence of birefringence in the sperm 
head. Fertil Steril. DOI: 10.1016/jfertnstert.2007.05.078

 PER CYCLE ACCORDING TO THE 
QUALITY OF THE SPERM SAMPLE

P=0.018P=0.049
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BIREFRINGENCE IN SPERM HEAD

Reacted

Non-Reacted

BIREFRINGENCE IN SPERM HEAD
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MATERIALS AND METHODS

71   ICSI cycles
35.6±±±±4.5 yrs

45 severe OAT

26 TESE26 TESE

During ICSI, the type of birefringence
spermatozoa was analyzed to distinguish
and non-reacted spermatozoa.

Up to three oocyte per patient were

Gianaroli et al. (2010) Birefringence characteristics  in  sperm  head allow for the selection of reacted 
spermatozoa for ICSI  . Fertil Steril., 93; 807-813 )

MATERIALS AND METHODS

45 severe OAT

26 TESE

S.I.S.ME.R.
VISION 2000
09.0509.05--12.0712.07

26 TESE

birefringence of the injected
distinguish between reacted

were inseminated.

Gianaroli et al. (2010) Birefringence characteristics  in  sperm  head allow for the selection of reacted 



MATERIALS AND METHODS

Injection with either type of
according to an even-odd
Allocation to either group was
retrieval.

23 cycles – Acrosome reacted spermatozoa

22 cycles – Mixed group: Acrosome reacted + 
Acrosome non

26 cycles – Acrosome non

MATERIALS AND METHODS

spermatozoa was performed
randomization of patients.

was decided after the oocyte
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Acrosome reacted spermatozoa

Mixed group: Acrosome reacted + 
Acrosome non-reacted spermatozoa

Acrosome non-reacted spermatozoa



Reacted

No. cycles 23 

Age 34.9±±±±4.0

RESULTS

No. TESE (%) 7 (30)

Fertilization rate (%) 50/72 (69.0) 

Cleavage rate (%) 45/50 (90)

Reacted Non-reacted Mixed

26 22 

4.0 36.3±±±±4.3 35.6±±±±5.3

RESULTS

7 (30) 12 (46) 7 (32)

50/72 (69.0) 49/73 (67) 51/69 (74) 

45/50 (90) 42/49 (86) 44/51 (86)

S.I.S.ME.R.
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Reacted

No. cycles 23 

No. transferred cycles 
(%)

22 (96)

RESULTS

(%)

No. clinical 
pregnancies (% /cycle)

12 (55)

Implantation rate (%) (39.0)

Ongoing pregnancy 
rate / cycle (%)

11 (48)

aP=0.006 bP=0.05 ceP=0.002  dP=0.048  fP=0.033

Reacted Non-reacted Mixed

26 22 

22 (96) 21 (81) 20 (91)

RESULTS

12 (55)a 3 (14)ab 8 (40)a

(39.0)c (8.6)cd (24.4)d

11 (48)e 2 (8)ef 7 (32)f

S.I.S.ME.R.
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severe  OAT severe  OAT 

CyclesCycles 117117

TransfersTransfers 107 (91,4%)107 (91,4%)

SISMER – Birefrigence  cumulative  data 

TransfersTransfers 107 (91,4%)107 (91,4%)

ClinicalClinical
pregnanciespregnancies
(%)(%) 36 (33,6%)36 (33,6%)

AbortionsAbortions (%)(%) 5/36 (13,8%)5/36 (13,8%)

I.R.I.R. (%)  (%)  43/212 (20,3%)43/212 (20,3%) 23/97 (23,7%)23/97 (23,7%)

TESETESE TOTTOT

7272 189189

60 (83,3%)60 (83,3%) 167(88,3%)167(88,3%)

Birefrigence  cumulative  data - 2006-2009
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19 (31,6)19 (31,6) 55 (33%)55 (33%)

1 (5,3%)1 (5,3%) 6 (11%)6 (11%)

23/97 (23,7%)23/97 (23,7%) 66/309 (21,4%)66/309 (21,4%)



Implantation Rate (IR) 

%

Sperm  sample  quality 

Implantation Rate (IR) 

Sperm  sample  quality 
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