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First ICSI Pregnancy
Age 38

Oocyte harvested 14 (12 MII)

SUZI
Injected 11

No fert

Delivery  46,XY
January 14, 1992

24 hours later

1 (4 cell, 20% fragments)

Replacement

Pregnancy

1 (2PN)

ICSI
1

Palermo et al., The Lancet, 1992



Infertility Indications

CDC – Reproductive Health, 2008
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• Autosomal: 126 • Gonosomal: 99
6 - translocation 64 - Klinefelter's Syndrome

21 - inversions 49 - 47,XXY
3 - deletion 12 - 46,XY/47,XXY

54 - 46,XY __ qh(+) 2 - 47,XXY/48,XXXY

(chx 1,9,15,16) 1 - 47,Xi(Xq)Y
42 - Others 14 - 46,XY (delYq)

3 - 45,X/46,XY
2 - 45,X/46,XY,q-
7 - 47,XYY
9 - Others

Azoospermic Men

Nakamura et al., Int J Urol 2001
Hamada et al., Clinics, 2013

Mazzilli et al., Asian J Androl 2022



Concentration 
(x106/ml)

Yq del (%)

≥ 5 0/41

< 5 1/42 (2.4)

< 1 6/103 (5.8)

0 69/834 (8.2)

No. of Ejaculated Testicular
Cycles 14 11
Patients 6 7
Density (x 106/ml) 2.5 0.0003
Oocytes inseminated 149 102
Oocytes fertilized (%) 80 (53.7) 42 (41.2)
Clinical pregnancies 5 (35.7) 4 (36.4)

Hopps et al., Hum Reprod, 2003
Choi et al., Fertil Steril, 2004
Katagiri et al., RBMO, 2004
Zhou, et al., Asian J Androl., 2021
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Cornell ART

1993-2022
Cycles 60,779

Ser 20-108
IVF 15491
ICSI ejac 40519
ICSI SR  4769
TOTAL 60779

Updated 11/1/22
Series 20-10 Aug 21, 2022



ICSI Prevalence

ICSI
90.4%

IVF
9.6%

2012 to 2022
n = 26,874

Updated 11/1/22
Series 20-10 Aug 21, 2022



Ejaculated (n = 40519)
Surgically retrieved (n = 4066)
Total: 44585

44,585 ICSI Cycles
September 1993 – August 2022

Surgically retrieved
9.1%

Ejaculated
90.9%

Updated 11/1/22
Series 20-10 Aug 21, 2022



ICSI 
Ejaculated Spermatozoa

Cycles 40,547

Mean maternal age (± SD) 38.2 ± 5

Semen parameters
Normal 6,777

Abnormal* 33,742
*WHO, 2010

Updated 11/1/22
Series 20-10 Aug 21, 2022



MII Injected
n = 345,323

Surviving oocytes = 335,616
Lysed = 9792
Total: 345316

2PN = 262562
1PN = 8570
3PN = 12063
no fert = 52969

Survival and Fertilization Characteristics
Ejaculated Spermatozoa

Surviving oocytes
97.2

2PN
78.1

No fert
15.8

3PN
3.61PN

2.5
Lysed

2.8
Fertilization patterns
n = 336,164

Updated 11/1/22
Series 20-10 Aug 21, 2022



Semen Origin and ICSI Outcome

Semen Origin Cycles Fertilization (%) Clinical Pregnancies (%)*

Ejaculate 37,751 243,768/322,916 (75.5) 13,966 (37.0)

Electroejaculate 88 662/894 (74.0) 40 (46.0)

Retrograde 64 439/575 (76.3) 23 (36.0)
*Includes only cycles with fresh transfer

Updated 11/1/22
Series 20-10 Aug 21, 2022



Male Infertility Indications

Esteves, et al., Clinics, 2011



ICSI and Azoospermia
Cycles 3,417
Maternal age (M ± SD) 36.4 ± 5
Epididymal spermatozoa 1,364
Testicular spermatozoa 2,053

Updated 11/1/22
Series 20-10 Aug 21, 2022



Obstructive Azoospermia
• Congenital (e.g., CBAVD)
• Acquired (e.g., infection, trauma)



MESA
Obstruction

Congenital Acquired
Cycles 604 643
Density (x 106/ml ± SD) 27.6 ± 45 16.8 ± 26
Motility (M ± SD) 8.2 ± 12 18.3 ± 15
Morphology (M ± SD) 1.2 ± 2 1.0 ± 2
Fertilization (%) 4,411/6,118 (72.1)* 3,991/5,720 (69.8)*
Clinical pregnancies (%) 319 (52.8)† 268 (41.7)†

*c2 , 2x2, 1 df, Effect of the etiology on fertilization rate, P = 0.01 
†c2 , 2x2, 1 df, Effect of the etiology on clinical pregnancy rate, P = 0.0005 

Updated 11/1/22
Series 20-10 Aug 21, 2022



New bad sperm photos



Testicular Sampling

No. of biopsies

• Obstructive Azoospermia 311

• Non-Obstructive Azoospermia 2,693

Spermatozoa present (%) 1664 (61.8)

Updated 11/1/22
Series 20-10 Aug 21, 2022



Non-Obstructive Azoospermia 
• Hypospermatogenesis

49.4%

Su et al., 1999

• Maturation arrest
24.1%

• Sertoli cell only
26.6%



Azoospermia
Obstructive Non-obstructive

Cycles 310 1,677
Density (x 106/ml ± SD) 2.2 ± 7 0.8 ± 7
Motility (M ± SD) 3.3± 8 3.6 ± 13
Morphology (M ± SD) 0 0
Fertilization (%) 1,841/2,782 (66.2)* 8,279/17,287 (47.9)*
Clinical pregnancies (%) 130 (42.5)† 598 (35.7)†

*c2, 2x2, 1 df, Effect of etiology of azoospermia on fertilization rate, P < 0.00001
†c2 , 2x2, 1 df, Effect of the etiology on clinical pregnancy rate, P < 0.05

TESE

Updated 11/1/22
Series 20-10 Aug 21, 2022



Updated 11/1/22
Series 20-10 Aug 21, 2022
Couples 256

No. of (%)

Testicular biopsies 348

with sperm retrieved 215 (61.8)

Oocyte fertilized/injected 1,269/2,651 (47.9)

Deliveries 81 (39.5)

Children 99
53 boys, 46 girls Updated from Palermo et al., 1998

Klinefelter Syndrome



Fertility and Sterility®

Cheung et al., 2020 Fertil Steril



Low ICSI 
Fertilization (<10%)

PLCζ
Assessment

Study Design

PLCζ presence PLCζ absence Confirmatory MOAT

Genome Assessment

Modified Superovulation Protocol Assisted Gamete Treatment

Cheung et al., 2020 Fertil Steril
Cheung et al., 2022 Fertil Steril in press



Oocyte-Related OAD PLCζ presence
No. of (%) Control Modified 

Superovulation
ICSI Cycles 52 105

Oocytes Retrieved 456 1120

MII Oocytes 334 (73.2) 796 (71.1)

Fertilization 7 (2.1)* 470 (59.0)*

Cycles with ET 6 91

Clinical Pregnancy (+FHB) 0 30 (32.9)

Deliveries – 25
*χ2, 2x2, 1 df, P<0.0001

Couples 52
Maternal age (M yrs±SD) 33.4±3
Paternal age (M yrs±SD) 35.7±5

Cheung et al., 2020 Fertil Steril
Cheung et al., 2022 Fertil Steril in press



Sperm-Related OAD PLCζ absence
No. of (%) Control AGT
Couples 24
Maternal age (M yrs±SD) 35.6±5
Paternal age (M yrs±SD) 39.8±6

ICSI Cycles 27 43

Oocytes Retrieved 230 404

MII Oocytes 197 (85.7) 323 (79.9)

Fertilization 18 (9.1)* 136 (42.1)*

Cycles with ET 4 25

Clinical Pregnancy (+FHB) 0 9 (36.0)

Deliveries – 6
*χ2, 2x2, 1 df, P<0.05

Cheung et al., 2020 Fertil Steril
Cheung et al., 2022 Fertil Steril in press



Sperm Gender Selection
Semen Parameters (selected)
Concentration (M x106/ml±SD) 24.3±14
Motility (M%±SD) 94.5±3
Morphology (%±SD) 3.8±1

Sperm Gender Enrichment
X-bearing spermatozoa (%±SD) 81.6±1
Y-bearing spermatozoa (%±SD) 80.8±2

Cheung et al., 2022 PLOS in press
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Pregnancy Outcome Female
Couples/Cycles 52/70
Maternal age (M yrs±SD) 38.9±3
Paternal age (M yrs±SD) 41.7±4

Couples with♀embryos (%) 43 (82.7)
Current ET cycles 29
Clinical Pregnancy (+FHB) (%) 18/29 (62.1)
Deliveries/Ongoing (%) 15/29 (51.7)

Cheung et al., 2022 PLOS in press



Pregnancy Outcome Male
Couples/Cycles 46/50
Maternal age (M yrs±SD) 37.3±4
Paternal age (M yrs±SD) 40.7±6

Couples with ♂ embryos (%) 40 (86.9)
Current ET cycles 21
Clinical Pregnancy (+FHB) (%) 14/21 (66.7)
Deliveries/Ongoing (%) 14/21 (66.7)

Clinicaltrials.gov NCT05500573

Cheung et al., 2022 PLOS in press



Sperm DNA Organization

Adapted from Doug Carrell, 2012



Fertility and Sterility®

Palermo et al., 2014 Fertil Steril
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SCSA and Motility
n=179



Alternative Treatment



Parrella et al., 2019 JARG



Selection

Raw Density Gradient Microfluidics

Volume (mL) 2.2±1* 0.5±0* 0.5±0*

Concentration (M x106/ml±SD) 28±34† 17.2±22† 8.4±13†

Motility (M%±SD) 33.6±14‡ 59.5±34‡ 97.0±1‡

Morphology (M%±SD) 2.1±1∫ 1.8±1∫ 3.2±1∫

*†‡∫ Paired t-test, 1 df, P<0.0001

Semen Parameters
69 Patients

Parrella et al., 2019 JARG



Raw Density Gradient Microfluidics

Spermatozoa Motility
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Selection

No. of Density Gradient Microfluidics

Couples 80

Cycles 191 90
Maternal Age (M±SD) 37.8±3 37.9±3
Paternal Age (M±SD) 42.8±6 43.2±6

Fertilization rate 1172/1761 (66.6) 523/768 (68.1)

MFSS & Fresh ET

Parrella et al., 2019 JARG
Kocur et al., 2022 F&S Science
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Updated 6/6/2015
Series 20-94 Dec 31, 2015

‡  ∫ P < 0.0001

26/312 41/175 21/123 12/21 2/3228/789/12332/78

Updated 5/31/22
Parrella et al., 2019 JARG

Kocur et al., 2022 F&S Science
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Selection

No. of Density Gradient Microfluidics

Couples 85

Cycles 88 86
Maternal Age (M±SD) 36.2±5 36.9±5
Paternal Age (M±SD) 36.9±7 37.5±7

Fertilization rate 848/1274 (66.6)* 949/1223 (77.6)*
*P<0.00001

MFSS & PGT-A

Parrella et al., 2019 JARG
Kocur et al., 2022 Andrology, Submitted



23.8% euploid*76.2% aneuploid
48.9% euploid*51.1% aneuploid

Euploidy Rates
*P < 0.0001

Density Gradient Microfluidics
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Maternal Age & ICSI Deliveries

%

Maternal age (yrs)
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ICSI Indications

Ejaculated 
Oligozoospermia

Asthenozoospermia
Teratozoospermia

Antisperm antibodies
Fertility preservation
Ejaculatory disorders

Electroejaculation
Retrograde ejaculation

Globozoospermia
Cryptozoospermia

Male Factor

Palermo et al., 2015 Semin Reprod Med

Ejaculated
Prior failed fertilization with IVF

Oocyte dysmorphism
Low number of oocytes

Low oocyte maturity
Cryopreserved oocytes

In vitro maturation
PGT-A/PGT-M (FISH or NGS)

HIV and HCV discordant couples
Restrictive legislation

Non-Male Factor

Testicular
Necrozoospermia

All indications for epididymal sperm
Non-obstructive azoospermia

Hypospermatogenesis

Epididymal
Obstructive azoospermia

CBAVD
Young syndrome

Failed vasoepididymostomy
Failed vasovasostomy



Global ART in 2014
76 Countries

IVF ICSI Total

Cycles 374,843 (37.7) 619,811 (62.3) 994,654

Newborns 165,518 273,521 439,039
ICMART, Chambers, et al., 2021 Human Reproduction
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DPYL19L2
SPATA16
PICK1
ADCY10
TSSK6
H1FNT

PLK4
AURKC

POLG
SMCP AKAP4

CATSPER
SPAG16
DNAH11

Cheung et al., 2019 PLOS

Spermiogenesis



Spermatogenesis Prediction

-Sperm

+Sperm
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Spermatogenesis Prediction DNAseq

-Sperm

+Sperm

TRPC1 IGSF11-AS1 SPZ1 NEU1 SMKR1 C10orf62 TPTE2 TMCO5B

PT#1 -- ns -- syn -- ms -- --
PT#2 -- ns -- syn -- ms -- --
PT#3 -- ns -- syn -- ms -- --

Cheung et al., 2022 personal communication

ms: missense ns: nonsense fs: frameshift syn: synonymous
Gene Ch Function

TRPC1 3 Transient receptor potential non voltage-channel 1, expressed in adult heart, brain, testis, ovaries (Wes et al., 1995 PNAS)

IGSF11-AS1 3 Long non-coding RNA, downregulated in infertile male (Zhou and Wang, 2020 JIMR)

SPZ1 5 Regulation of cell proliferation/differentiation during spermatogenesis (Horowitz et al., 2005 Mol Hum Reprod)

NEU1 6 Neuraminidase, acrosomal reaction and capacitation (Ma et al., 2012 J Biol Chem)

SMKR1 7 Spermatid development, testis-specific in ovine species  (Hodge et al., 2021 Genes)

C10orf62 10 Spermatid development, testis-specific  (Djureinovic et al., 2014 Hum Reprod)

TPTE2 13 Acts as a lipid phosphatase, candidate genes for severe sperm motility disorders (Oud et al., 2021 Hum Reprod)

TMCO5B 15 Pseudogene, Testis-specific (Hong et al., 2018 BMC Genomics) & spermatid development in mouse (Yamase et al., 2019 PLoS One)

TPTE2NEU1

PT#4 ms ns fs fs fs ms fs --
PT#5 ms ns fs fs fs ms fs --
PT#6 ms ns fs fs fs ms fs --
PT#7 ms ns fs fs fs ms fs --
PT#8 ms ns fs fs fs ms fs --
PT#9 ms ns fs fs fs ms fs --
PT#10 ms ns fs fs fs ms fs --

fs
fs
fs
fs
fs
fs
fs

fs
fs
fs
fs
fs
fs
fs



Levine et al., Fertil Steril, 2015



Zaferani et al., 2018 PNAS







Zaferani et al., 2019 Science Advances







Spherification

McKnight et al., 2022 ASRM

Merge

Acrosin

DAPI



Control

SCNT-CC

Sample ID Result Summary
Cumulus 1 Normal 38XX
Cumulus 2 ?Normal 38XX(+14p?,+10q, +9q)
Cumulus 3 ?Normal 38XY(+10p?) 
Cumulus 4 Normal 38XY
Cumulus 5 Abnormal Mos+5, +8q, +9
Cumulus 6 Abnormal -14, +16, Mos+17
Cumulus 7 Abnormal +2,+6,+8,+10,+13,-14, 
Cumulus 8 Normal 38XX
Cumulus 9 Abnormal (+1,+8,+9,+11,+12,-13,+18,-19)
Cumulus 10 Normal 38XX
Cumulus 11 Normal 38XY

Normal, 38XX, female

Abnormal, +2,+6,+8,+10,+13,-14, male

Normal, 38XY, male

Somatic Cell Nuclear Transfer and Haploidization

Lee et al., 2022 Nature Commun Biol



Conclusions
• ICSI is the ultimate treatment for male infertility

• ICSI is versatile and consistent
• ICSI remains a popular insemination method

• More information on the male gamete genome
• In-Vitro Gametogenesis will certainly require ICSI

• AI may present the next chapter
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