Original Article

Male reproductive health and infertility The World Journal of '.)
pISSN: 2287-4208 / e[SSN: 2287-4690 ’ Check for
World J Mens Health Published online Apr 20, 2023 M E N S H EA LTH iocsles

https://doi.org/10.5534/wjmh.230008

Controversy and Consensus on the Management
of Elevated Sperm DNA Fragmentation in Male
Infertility: A Global Survey, Current Guidelines,
and Expert Recommendations

Ala’a Farkouh'®, Ashok Agarwal'*®, Taha Abo-Almagd Abdel-Meguid Hamoda®*®, Parviz Kavoussi’®,
Ramadan Saleh®”®, Armand Zini*®, Mohamed Arafa®'*"'® Ahmed M. Harraz""*'*®, Murat Gul"®,
Vilvapathy Senguttuvan Karthikeyan'®®, Damayanthi Durairajanayagam'’®, Amarnath Rambhatla'®®,
Florence Boitrelle'*°™, Eric Chung”'®”, Ponco Birowo™*", Tuncay Toprak®®, Ramy Abou Ghayda*®,
Rossella Cannarella®**®, Nguyen Ho Vinh Phuoc®”**®, Fotios Dimitriadis**™, Giorgio I. Russo’®,
loannis Sokolakis**, Taymour Mostafa'®®, Konstantinos Makarounis’'®, Imad Ziouziou®®,

Shinnosuke Kuroda®*™, Marion Bendayan'®"”, Raneen Sawaid Kaiyal**®”, Andrian Japari*®,

Mara Simopoulou®®, Lucia Rocco®™", Nicolas Garrido’*, Nazim Gherabi*’®, Kadir Bocu™®,

Oguzhan Kahraman™®, Tan V. Le*”**®, Christine Wyns"*®, Kelton Tremellen*'®, Selcuk Sarikaya™®,
Sheena Lewis*®, Donald P. Evenson**®, Edmund Ko*®, Aldo E. Calogero®®, Fahmi Bahar**®,

Marlon Martinez"’®, Andrea Crafa®®, Quang Nguyen***’®, Rafael F. Ambar’®”'®, Giovanni Colpi>*®,
Mustafa Emre Bakircioglu™®, Ralf Henkel’**®, Hussein Kandil**"”, Ege Can Serefoglu®®, Abdullah Alarbid"®,
Akira Tsujimura®®®, Alireza Kheradmand™®, Christina Anagnostopoulou®®, Angelo Marino®'®,

Aram Adamyan®®, Birute Zilaitiene®®, Cevahir Ozer"”, Edoardo Pescatori®*®, Paraskevi Vogiatzi®®,
Gian Maria Busetto®", Giancarlo Balercia”®, Haitham Elbardisi”'*", Hamed Akhavizadegan®®,
Hesamoddin Sajadi®®, Hisanori Taniguchi”®®, Hyun Jun Park”"”*®, Israel Maldonado Rosas”,
Mohamed Al-Marhoon™®, Mohammad Ali Sadighi Gilani®®, Naif Alhathal”®, Germar-Michael Pinggera™",
Priyank Kothari””®”, Nasser Mogharabian”®, Sava Micic*®, Sheryl Homa®™®, Sara Darbandi®"*®,

Tran Quang Tien Long™®, Wael Zohdy'*", Widi Atmoko™, Marjan Sabbaghian®®, Wael Ibrahim®®,
Ryan P. Smith®®, Christopher Chee Kong Ho™", Jean de la Rosette®”, Ahmed I. El-Sakka®®,

Mirko Preto®™®, Citilina Zenoaga-Barbirosie™ ", Saad Mohammed Abumelha” ©, Aykut Baser”®,

Kaan Aydos™®, Liliana Ramirez-Dominguez”*®, Vijay Kumar™®, Teng Aik Ong”, Tiago Cesar Mierzwa™",
Ricky Adriansjah”®, Saleem A. Banihani®®™, Kasonde Bowa™", Shinichiro Fukuhara'*®,

Marcelo Rodriguez Pefa'”'™, Mohamad Moussa'*'”®, Umut Cagin Ari'*®, Chak-Lam Cho'”®,
Nicholas N. Tadros'*®, Muhammet Rasit Ugur'”®, Edouard Amar'®®, Marco Falcone'”®,

Frederic Romain Santer’®®, Arif Kalkanli''°®, Keshab Kumar Karna'''®, Kareim Khalafalla”'"*'"®,

Ranijit B. Vishwakarma''*®, Federica Finocchi®”®, Carlo Giulioni'"”®, Erman Ceyhan™®, Gokhan Ceker''*®,
Chadi Yazbeck'"”®, Osvaldo Rajmil'"®®, Mehmet Yilmaz'""®, Baris Altay'**®, Trenton L. Barrett'*'®,

Kay Seong Ngoo'**™?, Shubhadeep Roychoudhury'”®, Gianmaria Salvio® ", Haocheng Lin"*®,

Received: Jan 12, 2023 Revised: Jan 18, 2023 Accepted: Jan 27, 2023 Published online Apr 20, 2023
Correspondence to: Ashok Agarwal https://orcid.org/0000-0003-0585-1026

Global Andrology Forum, American Center for Reproductive Medicine, 130 West Juniper Lane, Moreland Hills, OH 44022, USA.
Tel: +1-216-312-5829, E-mail: agarwaa32099@outlook.com, Website: https://www.globalandrologyforum.com/

*All authors are members of the Global Andrology Forum.

Copyright © 2023 Korean Society for Sexual Medicine and Andrology


https://orcid.org/0000-0003-0585-1026
https://orcid.org/0000-0002-0362-9109
https://orcid.org/0000-0003-0585-1026
https://orcid.org/0000-0002-8070-4088
https://orcid.org/0000-0001-7390-5837
https://orcid.org/0000-0003-0503-3533
https://orcid.org/0000-0002-2194-5578
https://orcid.org/0000-0003-0107-8857
https://orcid.org/0000-0002-8902-517X
https://orcid.org/0000-0002-6657-6227
https://orcid.org/0000-0002-0244-476X
https://orcid.org/0000-0001-9049-0215
https://orcid.org/0000-0002-1383-6670
https://orcid.org/0000-0002-5322-0141
https://orcid.org/0000-0003-3373-3668
https://orcid.org/0000-0003-2934-6753
https://orcid.org/0000-0003-1348-5273
https://orcid.org/0000-0002-5170-3983
https://orcid.org/0000-0003-4599-8487
https://orcid.org/0000-0002-4348-6034
https://orcid.org/0000-0003-1198-9144
https://orcid.org/0000-0003-4687-7353
https://orcid.org/0000-0002-1938-8004
https://orcid.org/0000-0003-3627-0662
https://orcid.org/0000-0002-3971-8330
https://orcid.org/0000-0002-9844-6080
https://orcid.org/0000-0001-8890-0297
https://orcid.org/0000-0003-1633-7735
https://orcid.org/0000-0002-3111-3978
https://orcid.org/0000-0003-4733-6313
https://orcid.org/0000-0002-1000-9100
https://orcid.org/0000-0001-6250-4798
https://orcid.org/0000-0001-8271-5218
https://orcid.org/0000-0001-7364-047X
https://orcid.org/0000-0003-4323-4037
https://orcid.org/0000-0003-3691-8617
https://orcid.org/0000-0003-1766-7453
https://orcid.org/0000-0002-6581-5003
https://orcid.org/0000-0001-5575-6049
https://orcid.org/0000-0001-6426-1398
https://orcid.org/0000-0001-5665-1572
https://orcid.org/0000-0002-5361-8299
https://orcid.org/0000-0002-7465-3616
https://orcid.org/0000-0001-6950-335X
https://orcid.org/0000-0002-7027-9436
https://orcid.org/0000-0002-1191-8154
https://orcid.org/0000-0002-8311-9095
https://orcid.org/0000-0002-1670-8885
https://orcid.org/0000-0002-3496-2895
https://orcid.org/0000-0003-1431-1777
https://orcid.org/0000-0003-2411-9703
https://orcid.org/0000-0003-1128-2982
https://orcid.org/0000-0002-5549-3274
https://orcid.org/0000-0002-2530-7012
https://orcid.org/0000-0003-4822-9587
https://orcid.org/0000-0002-3821-5184
https://orcid.org/0000-0002-4978-6935
https://orcid.org/0000-0003-0999-6484
https://orcid.org/0000-0002-3558-8153
https://orcid.org/0000-0002-7213-7212
https://orcid.org/0000-0002-4082-4843
https://orcid.org/0000-0002-7850-6912
https://orcid.org/0000-0002-9326-5598
https://orcid.org/0000-0001-9971-1619
https://orcid.org/0000-0002-7291-0316
https://orcid.org/0000-0003-1286-1521
https://orcid.org/0000-0003-3902-7924
https://orcid.org/0000-0002-5432-7311
https://orcid.org/0000-0002-7198-0312
https://orcid.org/0000-0002-7404-0369
https://orcid.org/0000-0003-0566-9574
https://orcid.org/0000-0003-2765-6176
https://orcid.org/0000-0002-8397-1560
https://orcid.org/0000-0001-6168-8599
https://orcid.org/0000-0001-7516-3187
https://orcid.org/0000-0001-6463-2494
https://orcid.org/0000-0002-3940-952X
https://orcid.org/0000-0001-8795-973X
https://orcid.org/0000-0001-9037-3318
https://orcid.org/0000-0001-5027-0066
https://orcid.org/0000-0002-1868-6712
https://orcid.org/0000-0001-8905-3130
https://orcid.org/0000-0001-9148-1425
https://orcid.org/0000-0002-7793-7083
https://orcid.org/0000-0001-9439-268X
https://orcid.org/0000-0002-1651-8598
https://orcid.org/0000-0002-3880-9740
https://orcid.org/0000-0002-8757-6867
https://orcid.org/0000-0002-6308-1763
https://orcid.org/0000-0001-8671-5952
https://orcid.org/0000-0002-8144-6498
https://orcid.org/0000-0002-2854-9834
https://orcid.org/0000-0003-1885-3856
https://orcid.org/0000-0003-0457-512X
https://orcid.org/0000-0001-7691-5459
https://orcid.org/0000-0002-8596-0654
https://orcid.org/0000-0003-3768-8104
https://orcid.org/0000-0002-0207-8966
https://orcid.org/0000-0001-7574-9540
https://orcid.org/0000-0002-9733-3092
https://orcid.org/0000-0002-6830-6247
https://orcid.org/0000-0001-7032-7998
https://orcid.org/0000-0003-1336-4316
https://orcid.org/0000-0003-2437-7833
https://orcid.org/0000-0001-8571-2768
https://orcid.org/0000-0002-7089-6522
https://orcid.org/0000-0003-2520-6833
https://orcid.org/0000-0002-2272-235X
https://orcid.org/0000-0003-1234-6693
https://orcid.org/0000-0002-0617-8024
https://orcid.org/0000-0003-1101-892X
https://orcid.org/0000-0002-4591-6368
https://orcid.org/0000-0001-6509-4720
https://orcid.org/0000-0003-1389-8975
https://orcid.org/0000-0001-9476-4869
https://orcid.org/0000-0002-6784-2830
https://orcid.org/0000-0003-1551-5990
https://orcid.org/0000-0001-9934-4011
https://orcid.org/0000-0001-8223-6399
https://orcid.org/0000-0002-7891-9450
https://orcid.org/0000-0002-5759-7771
https://orcid.org/0000-0003-1987-9206
https://orcid.org/0000-0003-3774-9982
https://orcid.org/0000-0002-3101-8022
https://orcid.org/0000-0001-5838-8309
https://orcid.org/0000-0003-2787-3963
https://orcid.org/0000-0003-4174-1852
https://orcid.org/0000-0001-9290-5699
https://orcid.org/0000-0002-5333-6611

he World Journal of

I https://doi.org/10.5534/wjmh.230008 MEN'’s HEALTH

Ates Kadioglu'**®, Massimiliano Timpano'”®, Tomer Avidor-Reiss'**'*"®, Lukman Hakim'**®,

Puneet Sindhwani'**®, Giorgio Franco'*"", Rajender Singh™*®, Filippo Giacone"'®, Mikhail Ruzaev'*®,
Raghavender Kosgi'’®, Nikolaos Sofikitis"**®, Ayad Palani"”®, Gokhan Calik”®, Deniz Kulaksiz'**®,
Davor Jezek'”, Manaf Al Hashmi'**"**®, Panagiotis Drakopoulos'*'*

Ciler Celik-Ozenci'*®, Nur Dokuzeyliil Giingor'*®, Jonathan Ramsay'**™?, Toshiyasu Amano''®,
Emrullah Sogutdelen'**®, Gede Wirya Kusuma Duarsa'*’®, Koji Chiba"**, Sunil Jindal''®”, Missy Savira®®,
Luca Boeri'**®, Edson Borges'”"”, Deepak Gupte'**, Fatih Gokalp'**", Guadalupe Hernandez Hebrard™®,
Suks Minhas"*®, Rupin Shah'"*®; Global Andrology Forum*

'Global Andrology Forum, American Center for Reproductive Medicine, Moreland Hills, OH, USA, *Cleveland Clinic Foundation, Cleveland,
OH, USA, *Department of Urology, King Abdulaziz University, Jeddah, Saudi Arabia, ‘Department of Urology, Faculty of Medicine, Minia
University, Minia, Egypt, *Department of Reproductive Urology, Austin Fertility & Reproductive Medicine/Westlake IVF, Austin, TX, USA,
*Department of Dermatology, Venereology and Andrology, Faculty of Medicine, Sohag University, Sohag, Egypt, "Ajyal IVF Center, Ajyal
Hospital, Sohag, Egypt, °Department of Surgery, McGill University, Montreal, QC, Canada, *Department of Urology, Hamad Medical
Corporation, Doha, Qatar, '’Department of Andrology, Sexology & STls, Cairo University, Cairo, Egypt, ''Department of Urology, Weill
Cornell Medical-Qatar, Doha, Qatar, *Urology Department, Urology and Nephrology Center, Mansoura University, Mansura, Egypt,
"Department of Surgery, Urology Unit, Farwaniya Hospital, Farwaniya, Kuwait, '*Department of Urology, Sabah Al Ahmad Urology Center,
Kuwait City, Kuwait, "Department of Urology, Selcuk University School of Medicine, Konya, Turkey, '°Andrology Unit, Department of
Urology, Apollo Hospitals, Chennai, India, '"Department of Physiology, Faculty of Medicine, Universiti Teknologi MARA, Sungai Buloh
Campus, Selangor, Malaysia, '’Department of Urology, Henry Ford Health System, Vattikuti Urology Institute, Detroit, MI, USA,
"Reproductive Biology, Fertility Preservation, Andrology, CECOS, Poissy Hospital, Poissy, France, “’Department of Biology, Reproduction,
Epigenetics, Environment and Development, Paris Saclay University, UVSQ, INRAE, BREED, Jouy-en-Josas, France, >’ Department of Urology,
Princess Alexandra Hospital, University of Queensland, Brisbane, QLD, Australia, *’Department of Urology, Dr. Cipto Mangunkusumo
Hospital, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia, *’Department of Urology, Fatih Sultan Mehmet Training and Research
Hospital, University of Health Sciences, Istanbul, Turkey, **Urology Institute, University Hospitals, Case Western Reserve University,
Cleveland, OH, USA, *’Department of Clinical and Experimental Medicine, University of Catania, Catania, Italy, *’Department of Urology,
Glickman Urological & Kidney Institute, Cleveland Clinic Foundation, Cleveland, OH, USA, ¥’ Department of Andrology, Binh Dan Hospital,
Ho Chi Minh City, Vietnam, **Department of Urology and Andrology, Pham Ngoc Thach University of Medicine, Ho Chi Minh City, Vietnam,
“Department of Urology, Aristotle University, School of Medicine, Thessaloniki, Greece, **Urology Section, University of Catania, Catania,
Italy, *' Department of Urology and Andrology, Locus Medicus, Athens, Greece, *’Department of Urology, College of Medicine and Pharmacy,
Ibn Zohr University, Agadir, Morocco, *Fertility Clinic, Telogorejo Hospital, Semarang, Indonesia, **Department of Physiology, School of
Medicine, National and Kapodistrian University of Athens, Athens, Greece, *’Department of Environmental, Biological and Pharmaceutical
Sciences and Technologies, University of Campania Luigi Vanvitelli, Caserta, Italy, °IVI Foundation, Instituto de Investigacién Sanitaria La Fe
(IS La Fe), Valencia, Spain, >’ Department of Urology, University of Algiers, Algiers, Algeria, *’Department of Urology, Silopi State Hospital,
Sirnak, Turkey, **Department of Urology, Faculty of Medicine, Baskent University, Ankara, Turkey, *’Cliniques Universitaires Saint-Luc,
Université Catholique de Louvain, Brussels, Belgium, *'Department of Obstetrics Gynaecology and Reproductive Medicine, Flinders
University, South Australia, Australia, **Department of Urology, Giilhane Research and Training Hospital, University of Health Sciences,
Ankara, Turkey, “Examen Lab Ltd., Northern Ireland, UK, *SCSA Diagnostics, Brookings, SDUSA, *Department of Urology, Loma Linda
University Health, Loma Linda, CA, USA, *’Andrology Section, Siloam Sriwijaya Hospital, Palembang, Indonesia, ¥ Section of Urology,
Department of Surgery, University of Santo Tomas Hospital, Manila, Philippines, “*Center for Andrology and Sexual Medicine, Viet Duc
University Hospital, Hanoi, Vietnam, *Department of Urology, Andrology and Sexual Medicine, University of Medicine and Pharmacy,
Vietnam National University, Hanoi, Vietnam, *’Department of Urology, Centro Universitario em Saude do ABC, Santo André, Brazil,
*'Andrology Group at Ideia Fertil Institute of Human Reproduction, Santo André, Brazil, *’Andrology and IVF Center, Next Fertility Procrea,
Lugano, Switzerland, “SENSART Clinic, Urology, Fulya, Istanbul, Turkey, >*Department of Metabolism, Digestion and Reproduction, Imperial
College London, London, UK, *Department of Medical Bioscience, University of the Western Cape, Bellville, South Africa, **Fakih IVF
Fertility Center, Abu Dhabi, UAE, " Department of Urology, Biruni University School of Medicine, Istanbul, Turkey, **Department of Urology,
Juntendo University Urayasu Hospital, Chiba, Japan, *’Urology Department, Golestan Hospital, Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran, “Unit of Reproductive Medicine-EmbryoART, Leto Maternity Hospital, Athens, Greece, “ ANDROS Day Surgery Clinic,
Reproductive Medicine Unit, Palermo, Italy, “IVF Department, Astghik Medical Center, Yerevan, Armenia, “Institute of Endocrinology,
Medical Academy, Lithuanian University of Health Sciences, Kaunas, Lithuania, *’Andrology and Reproductive Medicine Unit, Gynepro
Medical, Bologna, Italy, “Andromed Health & Reproduction, Fertility & Reproductive Health Diagnostic Center, Athens, Greece,
%Department of Urology and Renal Transplantation, University of Foggia, Policlinico Riuniti, Foggia, Italy, ” Department of Endocrinology,
Polytechnic University of Marche, Ancona, Italy, *Department of Urology, Sina Hospital, Tehran University of Medical Sciences, Tehran, Iran,
“Department of Andrology, Reproductive Biomedicine Research Center, Royan Institute for Reproductive Biomedicine, ACECR, Teheran, Iran,
Department of Urology and Andrology, Kansai Medical University, Hirakata, Osaka, Japan, "'Department of Urology, Pusan National
University School of Medicine, Busan, Korea, “Medical Research Institute of Pusan National University Hospital, Busan, Korea, "’IVF
Laboratory, CITMER Reproductive Medicine, Mexico City, Mexico, "*Division of Urology, Department of Surgery, Sultan Qaboos University,
Muscat, Sultanate of Oman, ”King Faisal Specialist Hospital and Research Center, Riyadh, Saudi Arabia, "Department of Urology, Innsbruck
Medical University, Innsbruck, Austria, ”’Department of Urology, Topiwala National Medical College, B.Y.L Nair Ch Hospital, Mumbai, India,

, Huda Omran'*®, Sofia Leonardi'*®,

2  wwwwjmh.org


https://orcid.org/0000-0002-4239-7638
https://orcid.org/0000-0002-2507-6728
https://orcid.org/0000-0003-0918-526X
https://orcid.org/0000-0003-1518-8010
https://orcid.org/0000-0002-9420-2978
https://orcid.org/0000-0003-3653-3389
https://orcid.org/0000-0002-4592-6566
https://orcid.org/0000-0003-0510-4039
https://orcid.org/0000-0001-5258-2813
https://orcid.org/0000-0002-2178-0857
https://orcid.org/0000-0003-1528-4029
https://orcid.org/0000-0001-7806-9903
https://orcid.org/0000-0002-9976-9666
https://orcid.org/0000-0003-2351-1367
https://orcid.org/0000-0002-1528-5462
https://orcid.org/0000-0002-2458-179X
https://orcid.org/0000-0002-9262-785X
https://orcid.org/0000-0002-5809-5087
https://orcid.org/0000-0003-4334-2556
https://orcid.org/0000-0003-0370-8680
https://orcid.org/0000-0002-7234-3876
https://orcid.org/0000-0002-2403-7698
https://orcid.org/0000-0002-9640-8718
https://orcid.org/0000-0002-1454-5672
https://orcid.org/0000-0002-0642-159X
https://orcid.org/0000-0001-5575-0667
https://orcid.org/0000-0002-8088-8710
https://orcid.org/0000-0002-3492-432X
https://orcid.org/0000-0003-0040-784X
https://orcid.org/0000-0002-4971-1925
https://orcid.org/0000-0002-8522-2299
https://orcid.org/0000-0003-3099-3317
https://orcid.org/0000-0002-1739-8882
https://orcid.org/0000-0001-6516-619X
https://orcid.org/0000-0002-7868-5949

The World Journal of

MEN'’s HEALTH Ala'a Farkouh, et al: Management of Elevated SDF: Survey and Recommendations I

7Sexual Health and Fertility Research Center, Shahroud University of Medical Sciences, Shahroud, Iran, ’Department of Andrology,
Uromedica Polyclinic, Belgrade, Serbia, *Department of Biosciences, University of Kent, Canterbury, UK, *'Fetal Health Research Center,
Hope Generation Foundation, Tehran, Iran, *Gene Therapy and Regenerative Medicine Research Center, Hope Generation Foundation,
Tehran, Iran, ®Department of Obstetrics and Gynecology, Hanoi Obstetrics and Gynecology Hospital, Hanoi, Vietnam, *’Department of
Obstetrics Gynaecology and Reproductive Medicine, Fertility Care Center in Cairo, Cairo, Egypt, *Department of Urology, University of
Virginia School of Medicine, Virginia, USA, *Department of Surgery, School of Medicine, Taylor’s University, Subang Jaya, Selangor, Malaysia,
¥Department of Urology, Istanbul Medipol University, Istanbul, Turkey, *Department of Urology, Suez Canal University, Ismailia, Egypt,
¥Department of Urology, University of Turin, Turin, Italy, “Department of Genetics, Faculty of Biology, University of Bucharest, Bucharest,
Romania, "' Division of Urology, Department of Surgery, King Abdulaziz Medical City, Riyadh, Saudi Arabia, *Department of Urology,
Bandirma Onyedi Eyliil University, Balikesir, Turkey, *’Department of Urology, Ankara University, Ankara, Turkey, **Department of
Microbiology, Kurukshetra University, Kurukshetra, India, Department of Surgery, University of Malaya, Kuala Lumpur, Malaysia, *’Androlab,
Fertility Clinic, Curitiba, PR, Brazil, ” Department of Urology, Faculty of Medicine of Padjadjaran University, Hasan Sadikin General Hospital,
Bandung, Indonesia, “’Department of Medical Laboratory Sciences, Jordan University of Science and Technology, Irbid, Jordan, *’Department
of Urology, University of Lusaka, Lusaka, Zambia, '“’Department of Urology, Graduate School of Medicine, Osaka University, Osaka, Japan,
"Instituto de Ginecologia y Fertilidad (IFER), Buenos Aire, Argentina, 'Department of Urology, Lebanese University, Beirut, Lebanon,
"Department of Urology, Al Zahraa Hospital, UMC, Lebanon, '**Department of Reproduction, Kafkas University, Kars, Turkey, 'S. H. Ho
Urology Centre, Department of Surgery, The Chinese University of Hong Kong, Hong Kong, '“Division of Urology, Southern lllinois
University, Springfield, IL, USA, '”IVF Michigan, Bloomfield Hills, MI, USA, "®American Hospital of Paris, Paris, France, '’Department of
Urology, Molinette Hospital, A.O.U. Citta della Salute e della Scienza, University of Turin, Torino, ltaly, '"’Department of Urology, Taksim
Education and Research Hospital, Istanbul, Turkey, ''' Department of Molecular Cell and Cancer Biology, University of Massachusetts Medical
School, Worcester, MA, USA, ""?Urology Department, University of Texas McGovern Medical School, Houston, TX, USA, "Urology
Department, MD Anderson Cancer Center, Houston, TX, USA, '""Division of Andrology, Department of Urology, Lilavati Hospital and
Research Centre, Mumbai, India, '”Department of Urology, Polytechnic University of Marche Region, Ancona, Italy, ''°Department of
Urology, Basaksehir Cam and Sakura City Hospital, Istanbul, Turkey, ' Obstetrics Gynecology and Reproductive Medicine, Reprogynes
Medical Institute, Paris, France, '"’Department of Andrology, Fundacio Puigvert, Barcelona, Spain, ’Asklepios Clinic Triberg, Urology,
Freiburg, Germany, '*’Department of Urology, Ege University, Izmir, Turkey, "' Perth Urology Clinic, Perth, WA, Australia, '*’Hospital Angkatan
Tentera Tuanku Mizan, Kuala Lumpur, Malaysia, '*’Department of Life Science and Bioinformatics, Assam University, Silchar, India,
"**Department of Urology, Peking University Third Hospital, Beijing, China, '**Section of Andrology, Department of Urology, Istanbul
University, Istanbul, Turkey, "**Department of Biological Sciences, University of Toledo, Toledo, OH, USA, '*’Department of Urology and
Transplantation, University of Toledo, Toledo, OH, USA, "*’Department of Urology, Universitas Airlangga, Rumah Sakit Universitas Airlangga
Teaching Hospital, Surabaya, Indonesia, '*’Department of Urology, Policlinico Umberto I, Sapienza University of Rome, Rome, Italy,
"Division of Endocrinology, Central Drug Research Institute, Lucknow, India, ’'Centro HERA, Unita di Medicina della Riproduzione,
Sant’Agata Li Battiati, Catania, Italy, **Private Clinic, Moscow, Russia, ”’Department of Urology, Andrology and Renal Transplant, AIG
Hospitals, Hyderabad, India, "*'Department of Urology, loannina University School of Medicine, loannina, Greece, '*’Research Centre,
University of Garmian, Kalar, Iraq, *’Department of Obstetrics and Gynecology, University of Health Sciences Kanuni Training and Research
Hospital, Trabzon, Turkey, "’ Department for Transfusion Medicine and Transplantation Biology, Reproductive Tissue Bank, University Hospital
Zagreb, Zagreb, Croatia, "’Department of Urology, Burjeel Hospital, Abu Dhabi, UAE, "’Department of Urology, College of Medicine and
Health Science, Khalifa University, Abu Dhabi, UAE, "*°Centre for Reproductive Medicine, Universitair Ziekenhuis Brussel, Vrije Universiteit
Brussel, Brussels, Belgium, ""'IVF Athens, Athens, Greece, '*Al Aljenan Medical Center, Pulse Health Training Center, Manama, Kingdom of
Bahrain, '¥Central Laboratory, Hospital Piblico Materno Infantil de Salta, Salta, Argentina, "*'Department of Histology and Embryology,
Faculty of Medicine, Ko¢ University, Istanbul, Turkey, '*Department of Obstetrics and Gynecology, Reproductive Endocrinology and IVF
Unit, School of Medicine, Bahcesehir University, Istanbul, Turkey, "*Department of Andrology, Hammersmith Hospital, London, UK,
"Department of Urology, Nagano Red Cross Hospital, Nagano, Japan, "*’Department of Urology, Bolu Abant Izzet Baysal University, Bolu,
Turkey, "*’Department of Urology, Udayana University, Denpasar, Indonesia, '*’Department of Urology, Kobe University Graduate School of
Medicine, Kobe, Japan, "' Department of Andrology and Reproductive Medicine, Jindal Hospital, Meerut, India, '>’Department of Urology,
IRCCS Fondazione Ca' Granda, Ospedale Maggiore Policlinico, Milan, Italy, '*’Fertility Assisted Fertilization Center, Sdo Paulo, Brazil,
""Department of Urology, Bombay Hospital and Medical Research Center, Mumbai, India, "’ Department of Urology, Hatay Mustafa Kemal
University, Antakya, Turkey, "**Division of Surgery, Department of Surgery and Cancer, Imperial College, London, UK

Purpose: Sperm DNA fragmentation (SDF) has been associated with male infertility and poor outcomes of assisted reproduc-
tive technology (ART). The purpose of this study was to investigate global practices related to the management of elevated
SDF in infertile men, summarize the relevant professional society recommendations, and provide expert recommendations
for managing this condition.

Materials and Methods: An online global survey on clinical practices related to SDF was disseminated to reproductive clini-
cians, according to the CHERRIES checklist criteria. Management protocols for various conditions associated with SDF were
captured and compared to the relevant recommendations in professional society guidelines and the appropriate available
evidence. Expert recommendations and consensus on the management of infertile men with elevated SDF were then formu-
lated and adapted using the Delphi method.
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Results: A total of 436 experts from 55 different countries submitted responses. As an initial approach, 79.1% of reproductive
experts recommend lifestyle modifications for infertile men with elevated SDF, and 76.9% prescribe empiric antioxidants.
Regarding antioxidant duration, 39.3% recommend 4-6 months and 38.1% recommend 3 months. For men with unex-
plained or idiopathic infertility, and couples experiencing recurrent miscarriages associated with elevated SDF, most respon-
dents refer to ART 6 months after failure of conservative and empiric medical management. Infertile men with clinical vari-
cocele, normal conventional semen parameters, and elevated SDF are offered varicocele repair immediately after diagnosis
by 31.4%, and after failure of antioxidants and conservative measures by 40.9%. Sperm selection techniques and testicular
sperm extraction are also management options for couples undergoing ART. For most questions, heterogenous practices were
demonstrated.

Conclusions: This paper presents the results of a large global survey on the management of infertile men with elevated SDF
and reveals a lack of consensus among clinicians. Furthermore, it demonstrates the scarcity of professional society guidelines
in this regard and attempts to highlight the relevant evidence. Expert recommendations are proposed to help guide clinicians.

Keywords: Delphi method; Disease management; DNA fragmentation; Male infertility; Practice guideline; Survey

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

An estimated 180 million couples or more are af-
fected by infertility globally, with the male factor
contributing to almost 50% of cases [1]. Male infertility
has a complex nature and can be caused by a vast ar-
ray of disorders. Besides some systematic illnesses or
latrogenic complications, any condition that can affect
the male reproductive system including anatomical
or functional anomalies, hormonal instabilities, and
genetic or immunologic disorders can cause male in-
fertility [2]. The assessment of male infertility relies
primarily on conventional semen analysis. However, it
is believed that semen analysis alone is insufficient to
predict male fertility potential [3], as 15% of infertile
men have normal semen parameters [4].

For this reason, new tests have been proposed to as-
sess the functional competence of spermatozoa, includ-
ing sperm DNA fragmentation (SDF) testing, which
has been included and highlighted as a promising
biomarker in the Sixth Edition of the World Health
Organization (WHO) Laboratory Manual for the Ex-
amination and Processing of Human Semen [5]. Sperm
DNA integrity is an important factor that can have a
direct impact on male fertility potential [6] and sperm
DNA strand breaks have been negatively correlated
with fertilization rates in couples suffering from un-
explained infertility [7]. Furthermore, impaired sperm
DNA integrity can have adverse impacts on assisted
reproductive technology (ART) success [8].

4  www.wjmh.org

Different approaches have been suggested to lower
SDF. Antioxidants play a key role in maintaining
redox balance by scavenging reactive oxygen species
(ROS) and have been shown to benefit infertile men
with elevated SDF [9,10]. Short ejaculatory abstinence
[11], weight loss [12,13], and using testicular sperm
for intracytoplasmic sperm injection (ICSI) [14,15] are
among other approaches that have been shown to
reduce SDF. Recently, Agarwal et al [16] suggested a
treatment algorithm using the available evidence in
the literature that included the following strategies to
lower SDF: recurrent ejaculation, antioxidants, lifestyle
modification, control of infection/inflammation, varico-
cele repair (VR), and sperm processing and preparation.

Despite the many different approaches for lower-
ing SDF that have been investigated, there is a lack of
standardization on clinical grounds. This can mainly
be attributed to the scarcity of professional society rec-
ommendations that specifically address the manage-
ment of infertile men who are found to have elevated
SDF. As such, it is important to determine the current
worldwide practices related to the treatment of elevat-
ed SDF and how clinicians approach such cases, and
whether they are in line with the current evidence and
recommendations. To ensure adequate management of
infertile men, a unified, evidence-based, and patient-
centered approach to those found to have elevated SDF
is crucial.

Therefore, the aims of this study are:

1) To investigate the global practices related to the
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management of infertile men with elevated SDF.

2) To summarize and present the professional society
guidelines related to the management of infertile
men with elevated SDF and compare them to our
findings.

3) To provide expert recommendations on the man-
agement of infertile men with elevated SDF based
on global practices, society guidelines, and evidence
available in the literature.

MATERIALS AND METHODS

A global online survey was created, validated, and
disseminated by the Global Andrology Forum (GAF)
management team [17] (https://www.globalandrology-
forum.com/). The survey included questions on clinical
practices related to all aspects of SDF, including indica-
tions for SDF testing, technical aspects of SDF testing,
management of elevated SDF, and barriers and limita-
tions to incorporating SDF testing into clinical practice.
The survey was targeted toward clinicians of various
disciplines who manage infertility. Dissemination oc-
curred via secure emails to GAF members, secure
emails to clinicians recommended by GAF members,
and andrology and urology professional societies. After
the exclusion of invalid responses, 436 questionnaires
were analyzed to capture global practices.

The results presented in this article are those related
to the management of infertile men with elevated SDF
(Survey questions 33—-60; Supplement File 1), as well as
advanced analyses conducted on some of these ques-
tions (Supplement File 2). In addition, the following
professional society guidelines were screened for rec-
ommendations related to managing infertile men with
elevated SDF:

1) Diagnosis and Treatment of Infertility in Men:
American Urological Association/American Society
for Reproductive Medicine (AUA/ASRM) Guide-
line [18,19].

2) European Association of Urology (EAU) Guidelines
on sexual and reproductive health [20,21] and the
EAU Guidelines Panel on Male Sexual and Repro-
ductive Health: A Clinical Consultation Guide on
the Indications for Performing Sperm DNA Frag-
mentation Testing in Men with Infertility and
Testicular Sperm Extraction in Nonazoospermic
Men [22].

3) European Society of Human Reproduction and
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Embryology (ESHRE) guideline: recurrent preg-
nancy loss [23].

4) European Academy of Andrology (EAA) guideline:
Management of oligo-astheno-teratozoospermia
[24]

5) Management of male factor infertility: position
statement from the Italian Society of Andrology
and Sexual Medicine (STAMS) [25].

6) Diagnosis and Treatment before Assisted Repro-
ductive Treatments. Guideline of the German
Society of Gynecology and Obstetrics (DGGG), the
Austrian Society of Gynecology and Obstetrics
(OEGGG), and the Swiss Society of Gynecology
and Obstetrics (SGGG) [26].

Finally, expert recommendations regarding the
management of infertile men with elevated SDF were
proposed based on: (1) the survey results, (2) the profes-
sional society guideline recommendations, and (3) the
evidence available in the literature [16,27]. Consensus
was reached using the Delphi method [28]. The com-
plete methodology is described in Supplement File 3,
which also includes the Checklist for Reporting Results
of Internet E-Surveys (CHERRIES), upon which the
survey was based [29]. The complete survey and the in-
vitation letter are provided in Supplement File 4. The
methodology is also presented in Fig. 1.

RESULTS, GUIDELINES,
DISCUSSION, AND EXPERT
RECOMMENDATIONS

1. Participant demographics

Complete demographic information is provided in
Supplement File 5. A total of 55 countries were repre-
sented in our survey. Respondents included urologists,
andrologists, gynecologists, embryologists, and endocri-
nologists in a variety of practice settings and with dif-
ferent years of experience.

2. Professional society guidelines

The recommendations made by the latest AUA/
ASRM, EAU, ESHRE, EAA, SIAMS, and DGGG,
OEGGG, and SGGG, guidelines are summarized in
Table 1 [18-26]. Pertinent aspects of the guidelines are
expanded upon in the subsequent subsections.

3. Results of the Delphi method

Sixty-three participants completed the questionnaire

www.wjmh.org 5
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Fig. 1. Complete survey methodology. The complete survey consisted of 64 questions on SDF clinical practices divided into five sections: demo-
graphics, indications for SDF testing, technical aspects of SDF testing, management of elevated SDF, and barriers in incorporating SDF into clinical
practice. A total of 18 recommendations were made as follows: seven for indications for SDF testing, ten for management of infertile men with
elevated SDF, and one for technical aspects of SDF testing. Passing criteria for the Delphi method was set at >80% scoring the recommendation
>7 in agreement. GAF: Global Andrology Forum, SDF: sperm DNA fragmentation.

for the first round of voting. Of the ten recommenda-
tions pertaining to the management of elevated SDF
in infertile men, eight recommendations passed. Those
failing to meet the passing criteria were “managing
recurrent pregnancy loss with elevated SDF in the
male partner” and “management of infertile men with
subclinical varicocele and elevated SDF”, with 75%
and 73.4% of respondents giving them a score of >7
respectively. These recommendations were revised and
submitted for the second round of voting, which was
completed by 47 of the 63 experts. Both recommenda-
tions met the passing requirement and a consensus
was reached without the need for discussion.

4. Treatment of elevated sperm DNA
fragmentation

1) General approach

(1) Results

When asked how they would treat elevated SDF once
diagnosed in infertile men, almost 80% of respondents
recommend lifestyle modification and 76.9% would pre-

6  wwwwjmh.org

scribe empiric antioxidants. Less frequently, 38.3% rec-
ommend reduced ejaculatory abstinence, 20.7% would
refer directly to ART with advanced sperm selection
techniques and 16.9% would repeat testing to confirm
elevated SDF (Fig. 2). When results were stratified
based on the cost of SDF, no significant difference was
found between the cost of less $100 and more than $100
overall (p=0.6). Similarly, when specifically analyzing
the option “repeat testing and confirm elevated SDF”,
there was no significant difference in the number of
participants who chose this practice based on the cost
of SDF testing (p=0.2) (Fig. 3). When asked about the
abstinence period as a management approach to lower
SDF levels, approximately one-third of respondents
recommend 24—48 hours, while almost 30% recommend
3-5 days (Fig. 4).

(2) Society guidelines

There are no specific recommendations regarding
the general approach to managing infertile men with
elevated SDF in the guidelines [18-26].

The AUA/ASRM guidelines state risk factors for
male infertility include advanced paternal age, obesity,
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DGGG, OEGGG,
SIAMS [25] and SGGG [26]

EAU [20-22] ESHRE [23] EAA [24]

AUA/ASRM [18,19]

Guidelines

Table 1. Continued

www.wjmh.org

No specific

No specific

Can be considered in

NA

Not recommended for

No specific

Use of testicular sperm

recommendation

recommendation

cases of recurrent (two
or more) ICSI failures

non-azoospermic men
outside clinical trials,

recommendation,

for infertile men with

elevated SDF

however, they do state

with ejaculated sperm
(low-quality evidence)

but may be used for

that a clinician may use
surgically-obtained

elevated SDF after the

failure of other
treatments

sperm in cases of high

SDF
ART: assisted reproductive technology, AUA/ASRM: American Urological Association/American Society for Reproductive Medicine, DGGG, OEGGG, and SGGG: Guideline of the German Society of

Gynecology and Obstetrics, the Austrian Society of Gynecology and Obstetrics, and the Swiss Society of Gynecology and Obstetrics, EAA: European Academy of Andrology, EAU: European Associa-

tion of Urology, ESHRE: European Society of Human Reproduction and Embryology, FSH: follicle-stimulating hormone, ICSI: intracytoplasmic sperm injection, NA: not applicable, RPL: recurrent

pregnancy loss, SDF: sperm DNA fragmentation, SIAMS: Italian Society of Andrology and Sexual Medicine, VR: varicocele repair.
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lifestyle habits, medical conditions, and environmental
chemical exposure [18,19]. They further highlight that
clinicians should counsel patients that the data on
these factors is limited. No specific recommendation for
SDF is made.

The EAU guidelines recommend weight loss, in-
creased physical activity, smoking cessation, and re-
duced alcohol intake for infertile men with idiopathic
oligoasthenoteratozoospermia (OAT) to improve sperm
quality and chances of conception [20,21]. In the clinical
consultation guide, they state that most treatments for
elevated SDF are lifestyle-based and list smoking ces-
sation, weight loss, and alcohol limitation as examples
[22]. This is followed by the acknowledgment of the
lack of robust evidence to support these measures and
hence, no direct recommendation is made.

The EAA guideline recommends that subfertile
men with OAT should quit cigarette smoking, reduce
weight, and reduce alcohol consumption (if excessive)
to improve the chance for the couple to achieve the de-
sired pregnancy [24]. There is no direct mention of high
SDF. The EAA guideline recommends against asking
men with OAT to do the following: quit any physical
activity, apply scrotal cooling and changes in clothing,
or seek working conditions leading to decrease scrotal
heating, as means to improve the chance of the couple
achieving the desired pregnancy. There is no direct
mention of high SDF.

The SIAMS guideline recommends lifestyle changes
(including decreased alcohol intake, weight loss, in-
creased physical activity, and smoking cessation) in
men with infertility to improve general health [25].
There is no mention of these approaches for infer-
tile men with elevated SDF specifically, however, the
evidence section discusses the relationship between
obesity and smoking with increased SDF. SIAMS does
recommend the use of antibiotics for the treatment
of male genital tract infections, however, no specific
recommendations regarding the effects of antibiotic
therapy on SDF were made, which was attributed to
the lack of properly sized and designed trials evaluat-
ing this aspect.

Recommendations regarding: ART management,
antioxidant use, hormonal therapy, varicocele manage-
ment, and use of testicular sperm will be presented in
subsequent sections.
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Q33. "How do you treat elevated SDF once diagnosed in infertile men?"

Not applicable

Refer directly for ART with ejaculated sperm
Prescribe empiric antibiotics (without culture)
Prescribe empiric hormonal therapy

Refer directly for ICSI with testicular sperm 16.4%

Repeat testing and confirm elevated SDF 16.9%

Refer directly for ART with advanced sperm

selection techniques 20.7%

Fig. 2. General approach to managing
elevated SDF in infertile men. Respon-
dents were allowed to select more than
76.9%  one answer. The percentage for each

79.19, answer was calculated by dividing the
1

Recommend reduced ejaculatory abstinence | | 38.3%
Prescribe empiric antioxidants
Recommend lifestyle changes
(smoking cessation, weight loss, etc.) . . .
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Repeat testing and confirm elevated SDF
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Fig. 3. Ordering a repeat SDF test as confirmation for elevated SDF,
with results stratified according to the cost of SDF testing. The major-
ity do not order a confirmation test regardless of the cost of testing,
as there is no significant difference when responses were compared
between costs less than $100 and more than $100 (p=0.2). SDF:
sperm DNA fragmentation.

(3) Discussion

When asked about their initial approach, only 16.9%
of the participants would order confirmatory testing
for elevated SDF. The most commonly chosen strate-
gies were lifestyle changes, empiric antioxidants, and
reduced abstinence. The cost of SDF testing did not im-
pact the treatment strategy or the clinicians’ decision
to order confirmatory testing.

number of respondents who had se-

T T T
200 250 300 350 |ected it by the total number of respon-
No. of responses

dents who had answered this question
(n=402). ART: assisted reproductive
technology, ICSI: intracytoplasmic sperm
injection, SDF: sperm DNA fragmenta-
tion.

Q34. "What duration of abstinence do you recommend for
infertile men with elevated SDF before attempting conception
(whether natural or by ART)?"

Less than 24 h
24-48 h

3-5days

6 days or more

| do not recommend
reduced abstinence
Not applicable

'G].‘;{
]

2022

Fig. 4. Duration of abstinence recommended by respondents as a
means to lower SDF. ART: assisted reproductive technology, SDF:
sperm DNA fragmentation.

10.9% 12.7%

JOmun

1.7%

Evolving evidence supports different treatment
strategies in relieving elevated SDF levels [30]. Life-
style changes might benefit men with high SDF val-
ues. Exposure to environmental and lifestyle factors
including smoking, airborne pollutants, ionizing radia-
tion, and pesticides have far-reaching implications on
male fertility [31-38]. Although no robust evidence of
lifestyle modification impact on SDF exists [12], weight
loss and dietary changes have been shown to alleviate
SDF in patients [39,40]. Our survey showed that almost
all respondents recommend lifestyle modification to
their patients with high SDF.

Moreover, current evidence suggests that male acces-
sory gland infection (MAGI) promotes inflammation

www.wjmh.org 9



| hitps://doi.org/10.5534/wjmh.230008

with elevated oxidative stress (OS), leukocytospermia,
and ROS production, which can ultimately negatively
affect sperm chromatin integrity [41]. Identification of
bacteria and targeted antibiotic therapy has been re-
ported to reduce seminal leukocytes and ROS levels, as
well as significantly reduce DNA damage [42]. Empiri-
cal antibiotic therapy for leukocytospermia may also
ameliorate spontaneous pregnancy rates [43], however,
a recent meta-analysis failed to find a difference in the
SDF rate between patients with leukocytospermia with-
out symptoms of urinary tract infections and controls
without leukocytospermia, suggesting an unclear role in
the benefit of treating this condition [44]. In agreement,
only a very small proportion of survey participants pre-
scribe empirical antibiotic therapy to treat SDF.

Furthermore, reduced abstinence may be a simple
non-invasive measure to improve SDF, especially if ap-
plied within the context of assisted reproduction [45-47).
Shorter abstinence has been reported to reduce SDF
and improve pregnancy outcomes [48]. Agarwal et al [11]
compared SDF levels in men according to abstinence
periods and reported significantly lower SDF in the
group with less than 2 days abstinence (9.9%) compared
to both 2-7 days abstinence (12.8%) and >7 days absti-
nence (17.8%) (p<0.05 for both comparisons), and also
reported a significant increase in SDF percentage as
abstinence duration increases (p<0.001). Pons et al [49]
reported similarly promising results, as more than 80%
of infertile men with >30% DNA fragmentation index
(DFI) were able to reduce their SDF levels to less than
30% on the first ejaculate after a 24-hour abstinence
protocol. Other studies also highlight that an extremely
short period of abstinence (1-3 h) might exert the best
benefits on SDF [50-52], suggesting this procedure as a
possible treatment to improve the outcome of ART [50].
Our survey showed that more than one-third of par-
ticipants suggest reducing the period of abstinence to
improve SDF.

Since there is no direct mention of SDF treatment
in any of the guidelines, a direct comparison of our re-
sults with what the guidelines suggest is not possible.
However, as also confirmed by the SIAMS and EAA
guidelines, lifestyle changes are the first step of infer-
tile male management. Few participants in the survey
attribute a role to empiric antibiotic treatment in the
management of SDF, and this is also in line with the
SIAMS guidelines’ statement on the lack of quality
studies that have evaluated the effects of empirical

10 www.wjmh.org
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antibiotic treatment on SDF.

(4) Expert recommendations

Ordering a second confirmation test for elevated SDF
1s not necessary for diagnosis.

For infertile men with elevated SDF, lifestyle modi-
fication strategies should be recommended including
maintaining a healthy lifestyle to overcome obesity,
cessation of smoking and alcohol use, as well as treat-
ing genital infections, and eliminating toxic exposure.

Reduced ejaculatory abstinence of 12—24 hours before
attempting conception (natural or by ART) is recom-
mended as a means to lower SDF and improve preg-
nancy outcomes.

2) ART referral for infertile men with elevated
SDF

(1) Results

When asked when they would refer men diagnosed
with unexplained male infertility (UMI) or idiopathic
male infertility (IMI) and were found to have elevated
SDF to ART, given there is no female factor and the
female partner is younger than 35 years, responses
for both groups of men are fairly similar (Fig. 5, 6),
with the majority of participants referring to ART six
months after the failure of conservative measures and
medical management such as antioxidants.

(2) Society guidelines

AUA/ASRM, EAU, and SIAMS guidelines do not
provide a specific statement regarding ART referral
for infertile men with elevated SDF [18-22,25].

The EAA guideline recommends performing SDF
analysis when a couple is referred for ART. The EAA
guideline recommends couples with male partners with
OAT consider ART to improve their chance of achiev-
Ing pregnancy in cases when other treatment options
are not available or not efficient [24]. There is no spe-
cific comment concerning ART referral for infertile
men with elevated SDF.

The DGGG, OEGGG, and SGGG guidelines state that
SDF testing is a potentially useful clinical biomarker,
but the conclusive predictive value of this test for IVF
and/or ICSI treatment is still unclear [26]. So, there is
no specific recommendation regarding ART referral
for infertile men with elevated SDF in the guidelines

of the DGGG, OEGGG, and SGGG.
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Q35. "At which point would you refer a man with UMI and high SDF for ART,
given there is no female factor infertility and the woman is under 35 years old?"

Immediately after diagnosis

10.2% 82%

N

Not applicable

3 months after failure of empiric medical therapy (e.g.:
antioxidants) and conservative measures

6 months after failure of empiric medical therapy (e.g.:
antioxidants) and conservative measures

More than 6 months after failure of empiric medical therapy
(e.g.: antioxidants) and conservative measures

| do not refer men with UMI and elevated SDF for ART

Fig. 5. ART referral for men with unex-
plained infertility and elevated SDF. ART:
assisted reproductive technology, SDF:
sperm DNA fragmentation, UMI: unex-
plained male infertility.

Q36. "At which point would you refer a man with IMI and high SDF for ART,
given there is no female factor infertility and the woman is under 35 years old?"

10.0%  12.5% Immediately after diagnosis

B0

Not applicable

(3) Discussion

Elevated SDF can have a deleterious impact on the
ability of a couple to achieve natural pregnancy [53,54].
In a cohort study that followed 2,713 couples who had
failed to conceive naturally after one year and subse-
quently underwent ART, elevated DFI as measured by
sperm chromatin structure assay (SCSA) was associat-
ed with poor outcomes after IVF including fertilization
and live birth rates (LBRs), however, no such adverse
effect was found for couples who underwent ICSI [55].
Many meta-analyses have been published over the past
decade that investigated ART outcomes between high
and low SDF. In general, SDF has been associated with
poor outcomes after IUI [56] and IVF [57-59]. As for
ICSI, there are conflicting reports as to whether SDF
can affect clinical pregnancy rates after ICSI [57-59],
however, a higher miscarriage rate has been demon-
strated after ICSI with high SDF [58].

SDF can still exert its adverse impact on ART and
therefore it is not reasonable to use ART as a man-
agement strategy for infertile men who are found to
have elevated SDF. This conclusion is in line with the

3 months after failure of empiric medical therapy (e.g.:
antioxidants) and conservative measures

6 months after failure of empiric medical therapy (e.g.:
antioxidants) and conservative measures

More than 6 months after failure of empiric medical therapy
(e.g.: antioxidants) and conservative measures

| do not refer men with IMI and elevated SDF for ART

Fig. 6. ART referral for men with idio-
pathic infertility and elevated SDF. ART:
assisted reproductive technology, IMI:
idiopathic male infertility, SDF: sperm
DNA fragmentation.

responses to our survey, such that the majority would
attempt conservative management for UMI and IMI
patients with high SDF and would only refer to ART
following 6 months of failure with conservative strate-

gies.

(4) Expert recommendations

Different ART methods are not recommended as
first-line treatment strategies for infertile men found
to have elevated SDF. Instead, known underlying
causes should be addressed first as well as conservative
management to lower SDF.

3) Managing couples experiencing RPL after
spontaneous conception with elevated SDF in
the man

(1) Results

For couples experiencing RPL after spontaneous
conception with a normal female partner and elevated
SDF in the male partner, lifestyle modification and
empiric antioxidants still remain the highest chosen
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treatment strategies at 78.9% and 76.6% respectively
(Fig. 7). Only 19.4% chose ART, while 21.4% chose ICSI
with testicular sperm. When asked when they would
refer such a couple to ART, given the female partner
is younger than 35 years of age, more than one third
(136/399, 34.1%) chose six months after the failure of
empiric medical therapy and conservative measures
(Fig. 8). The percentages for this question were also
very similar to the ones pertaining to ART referral for
men with UMI and IMI, which are described in the
previous section. Regarding ART referral for couples
with RPL and elevated SDF in the man, results were
compared between urologists/andrologists and other
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specialties, yielding significant differences (p<0.001).
Most urologists and andrologists refer to ART six
months after the failure of medical and conservative
treatment compared to other specialties (43% vs. 19.3%),
while other specialties including gynecology, endocri-
nology, and IVF specialists refer to ART immediately
after diagnosis or three months after the failure of
medical and conservative treatment compared to urolo-
gists/andrologists (48.7% vs. 30.5%).

(2) Society guidelines
AUA/ASRM guideline recommends that for couples
with RPL, men should be evaluated with karyotype

Q37. "Which of the following would you recommend for a couple experiencing natural RPL,
with a normal female partner and a male partner with high SDF, as an initial approach?"

350 1 .
78.9% 76.6%
300 -
@ 250
(2]
c
8 200
g 41.5%
w150
o
Z 100 A 21.4% 19.4%
50 . 11.0% 8.7% 9.2%
0 T T T T T - T - T 1
Lifestyle Empiric Reduced ICSI with ART Empiric Empiric Not applicable
modification antioxidants abstinence testicular hormonal antibiotic
and avoiding sperm therapy therapy

environmental
risks
GA
e

2022

Fig. 7. Management approach for those who have elevated SDF and are experiencing recurrent pregnancy loss after spontaneous conception.
Respondents were allowed to select more than one answer. The percentage for each answer was calculated by dividing the number of respon-
dents who had selected it by the total number of respondents who had answered this question (n=402). ART: assisted reproductive technology,
ICSI: intracytoplasmic sperm injection, RPL: recurrent pregnancy loss, SDF: sperm DNA fragmentation.

Q38. "At which point would you refer a couple with natural RPL and high SDF in the
man for ART, given there is no female factor infertility and the woman is under 35 years old?"

Immediately after diagnosis

3 months after failure of empiric medical therapy (e.g.:
antioxidants) and conservative measures

6 months after failure of empiric medical therapy (e.g.:
antioxidants) and conservative measures

More than 6 months after failure of empiric medical therapy
(e.g.: antioxidants) and conservative measures

| do not refer men with RPL and elevated SDF for ART

Not applicable

11.0%  13.5%
5.8%

N

Fig. 8. ART referral for recurrent preg-
nancy loss and men with elevated SDF.
ART: assisted reproductive technology,
RPL: recurrent pregnancy loss, SDF:
sperm DNA fragmentation.
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(Expert Opinion) and SDF (Moderate recommendation;
Evidence Level: Grade C) [18,19]. There is no further
specific recommendation for the management of SDF
in couples with RPL.

EAU guideline recommends SDF testing to be per-
formed in the assessment of couples with RPL from
natural conception and ART or men with unexplained
infertility (Strong recommendation) [20-22]. There is no
specific recommendation regarding the management of
couples with RPL and elevated SDF in the EAU guide-
lines.

ESHRE guideline recommends assessing SDF in cou-
ples with RPL for explanatory purposes, based on indi-
rect evidence [23]. There is no specific recommendation
regarding the management of elevated SDF, however
for couples with RPL due to male factor, the guideline
recommends smoking cessation, a normal body weight,
limited alcohol consumption, and a normal exercise
pattern.

(3) Discussion

Elevated SDF is often associated with a significantly
increased risk of RPL [60,61]. The management of
couples with RPL and elevated SDF values aims at
providing pertinent treatment strategies directed at
lowering SDF levels.

Our results highlight that the highest percentage of
treatment strategies chosen is represented by lifestyle
modification and empiric antioxidants treatment. Some
studies in the literature recommend analyzing SDF
in couples with RPL. In addition to counseling on the
same lifestyle interventions as mentioned above, stud-
les propose that antioxidant supplementation may play
a role in the treatment of RPL [62].

As such, there is no consensus or guideline on how to
manage these cases in clinical practice. This is further
highlighted by the reported differences in practices be-
tween urologists and other specialties, with regards to
referring such couples to ART. In addition, this demon-
strates the importance of a multidisciplinary approach
in the management of couples’ infertility.

Given that controversies still exist currently regard-
ing the optimal strategies to improve SDF, managing
the expectations of the couple, educating about the role
of nutraceutical and lifestyle modifications, and coun-
seling on ART by expert clinicians are necessary to as-
sist couples in their journey to start a family.

Ala'a Farkouh, et al: Management of Elevated SDF: Survey and Recommendations I

(4) Expert recommendations

In couples with RPL following spontaneous pregnan-
cy, associated with elevated SDF in the male partner
and no female factor infertility, an appropriate initial
approach should include addressing known risk fac-
tors of elevated SDF and other causes associated with
male infertility. These men may also be supplemented
with oral antioxidant therapy, particularly if there is
no associated underlying cause for their infertility. The
decision to refer such a couple to ART should be deter-
mined on a case-by-case scenario and after adequate
management of elevated SDF.

4) Managing infertile men with clinical
varicocele, normal semen parameters, and
elevated SDF

(1) Results

When asked how they would manage a man with
clinical varicocele and elevated SDF with normal con-
ventional semen parameters, antioxidants and con-
servative methods were chosen by a majority of the
respondents, at 63.3% and 58.6% respectively. 39.2%
would perform VR only if the female partner is <38
years with good ovarian reserve, while 33.2% would
perform VR regardless of female factors. Lower per-
centages of respondents would refer such a patient to
ART. The results of this question are presented in Fig.
9. When asked specifically about the timing of VR in
such a patient, 31.4% chose immediately after diagnosis,
while 15.3%, 19.1%, and 6.5% would perform VR after
the failure of antioxidants and conservative measures
for a duration of 3 months, 6 months, and more than 6
months respectively (Fig. 10), and when responses were
stratified based on level of specialization, no significant
difference in responses was found between general
urologists and fellowship-trained reproductive urolo-
gists (p=0.5). Regarding ART failure in such men, al-
most half (495%) would refer to ART only after failure
of VR, while 182% do so after failure of conservative
measures without VR, and 155% immediately after di-
agnosis (Fig. 11).

(2) Society guidelines

AUA/ASRM guideline recommends surgical VR
should be considered in men attempting to conceive,
who have palpable varicoceles, infertility, and abnor-
mal semen parameters except for azoospermic men

www.wjmhorg 13
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Q39. "Which of the following would you recommend for a man with clinical
varicocele, normal semen parameters, and high SDF, as an initial approach?"

Directly proceed to ART (regardless of female factors)
Empiric hormonal therapy
Not applicable

Directly proceed to ART (if female partner is >38 y) 19.5%

Reduced abstinence

|31.9%

Varicocele repair (regardless of female factors) 33.2%
Varicocele repair (only if female partner is 39.29
<38 y with good ovarian reserve) o

Fig. 9. Management approach for infer-
tile men who have a clinical varicocele,
normal conventional semen parameters,

Avoiding lifestyle and environmental risks

|58.6% and elevated SDF. Respondents were al-

lowed to select more than one answer.

T T
0 50 100

No. of responses

T T T ,  The percentage for each answer was
150 200 250 300 calculated by dividing the number of
respondents who had selected it by the
B total number of respondents who had
' .. G4 answered this question (n=401). ART:
assisted reproductive technology, SDF:

2022 sperm DNA fragmentation.

Q40. "At which point do you perform varicocele repair for a man with clinical varicocele,
normal semen parameters, and elevated SDF?"

31.4%
120 ~
measures
3
g ] measures
o
o
(%]
o
G
o 40 A 9.0% 9.3% 9.3%
z
Not applicable
0 -

(Moderate recommendation; Evidence Level: Grade B)
[18,19]. There is no specific recommendation regarding
the management of couples with clinical varicocele,
normal semen parameters, and elevated SDF in the
guidelines.

EAU guideline states that VR may be considered in
men with elevated SDF with otherwise unexplained
infertility or who have failed ART, including RPL,
failure of embryogenesis, and implantation (Weak rec-
ommendation) [20-22]. EAU guideline also recommends
treating infertile men with a clinical varicocele, ab-
normal semen parameters, and otherwise unexplained
infertility in a couple where the female partner has a

14 www.wjmh.org

Il Immediately after diagnosis
3 months after failure of empiric medical
therapy (e.g.: antioxidants) and conservative

6 months after failure of empiric medical
therapy (e.g.: antioxidants) and conservative

]

]

[ More than 6 months after failure of empiric
medical therapy (e.g.: antioxidants) and
conservative measures

[ After failure of ART and no female factor

[l | do not perform varicocele repair for men
with clinical varicocele, normal semen
parameters, and elevated SDF

]

Fig. 10. Varicocele repair for infertile
men who have a clinical varicocele, nor-
mal conventional semen parameters and
elevated SDF. ART: assisted reproductive
technology, SDF: sperm DNA fragmenta-
tion.

good ovarian reserve to improve fertility rates.

The SIAMS position statement suggests VR in in-
fertile couples where the male partner has abnormal
semen parameters, and the female partner has normal
fertility or a potentially treatable cause of infertility
and time to conception is not a concern [25]. No recom-
mendation is made for men with clinical varicocele
and normal semen parameters. Although elevated SDF
is not listed as an indication for varicocele repair, the
benefits of varicocele repair on improving SDF are dis-
cussed in the statement.
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Q41. "At which point would you refer a man with clinical varicocele,
normal semen parameters, and high SDF for ART, given there is
no female factor infertility and the woman is under 35 years old?"

Immediately after diagnosis

After failure of varicocele repair
After failure of conservative
measures (without varicocele
repair)

| do not refer men with clinical
varicocele, normal semen
parameters, and high SDF for ART

Not applicable
', o G
e 4]

2022

Fig. 11. ART referral for infertile men who have a clinical varicocele,
normal conventional semen parameters, and elevated SDF. ART: as-
sisted reproductive technology, SDF: sperm DNA fragmentation.

0 0 NEl

(3) Discussion

Varicocele is the most frequent surgically correct-
able cause of male infertility [20]. As a consequence of
varicocele, excessive ROS are produced in the testes,
which can lead to SDF [63]. Elevated SDF rates have
been reported in all grades of clinical varicocele, but
mainly in grades 2 and 3 [64]. Significantly higher val-
ues of sperm DFI were reported in normozoospermic
men with clinical varicocele compared with healthy
individuals, and levels remained abnormally high at 6
months of follow-up without VR [65].

A recent meta-analysis involving more than 1,000 pa-
tients demonstrated that varicocelectomy can decrease
sperm DFI by 7.23% (95% CI, -8.86 to -5.59) in men with
clinical varicocele, ranging from 2.3% to 16.3% decline
in DFI among the included studies [66]. These findings
are similar to another meta-analysis reporting a 6.14%
(95% CI, -6.90 to -5.37) decrease in SDF after VR [67]. A
study by Lara-Cerillo et al [68] revealed that VR was
able to significantly decrease both single-strand SDF
(685% vs. 56.56%; p=0.01) and double-strand SDF (53%
vs. 47%; p=0.007). Furthermore, a recent pilot study
showed that VR significantly lowered SDF rates and
improved spontaneous pregnancy rates, in infertile
men with clinically palpable varicoceles and normal
conventional semen parameters [69].

Varicocele repair has been found to improve both
spontaneous and ART pregnancy rates when per-
formed for men with clinical varicocele, being associ-
ated with lower DFT levels [70]. One meta-analysis that
included 4 studies with 870 ICSI cycles performed for

Ala'a Farkouh, et al: Management of Elevated SDF: Survey and Recommendations I

non-azoospermic infertile men with clinical varicocele,
examined the ICSI outcomes for those who underwent
varicocelectomy before ART and compared them to the
outcomes of ICSI without varicocelectomy [71]. They re-
ported significantly improved clinical pregnancy rates
(OR~159; p=0.002) and LBRs (OR=2.17; p<0.001) among
men who underwent prior varicocelectomy compared
to those who did not.

The practices of the respondents of this survey are in
line with the aforementioned meta-analysis, with more
than 70% choosing VR either regardless of female fac-
tors or if the female partner is young and with good
ovarian reserve. Less than one-fifth directly refer to
ART in case female age is over 38, and only 6.7% choos-
ing direct ART regardless of female factors in cases of
normozoospermic men with clinical varicocele and el-
evated SDF. Almost half would refer to ART only after
VR fails to produce an outcome. Our results imply that
clinicians are more inclined to offer VR to the male
partner without considering female factors for ART
referral. However, the timing of VR was very heter-
ogenous, with only 31.4% offering it immediately after
diagnosis, while almost 40% perform VR after differ-
ent periods of antioxidants and conservative measures
have failed.

Most professional society guidelines do not provide
explicit recommendations on the management of in-
fertile men with clinical varicoceles who have normal
conventional semen parameters and elevated SDF. The
EAU specifically, recommends VR in men with elevat-
ed SDF who have otherwise unexplained infertility or
have failed ART.

The various practices of the clinicians who have com-
pleted this survey, highlight the need for implement-
ing SDF levels into the decision-making process when
managing this population of infertile men.

(4) Expert recommendations

In infertile men with clinical varicocele and normal
semen parameters, VR should be offered if SDF is el-
evated. The persistence of abnormal postoperative SDF
values is a poor predictor for both natural and assisted
conception.

VR should be offered after diagnosis to lower SDF
for both natural and assisted conception. ART could be
performed after VR.

If there is a need or the couple wishes for ART to be
performed on diagnosis, they should be counseled on
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the risk of failure that may be attributed to SDF with
a known associated yet untreated cause (i.e, clinical
varicocele), and other attempts to lower SDF should
be considered including antioxidants, sperm selection
techniques, and testicular sperm.

5) Managing infertile men with subclinical
varicocele and elevated SDF

(1) Results

When asked if they would repair a subclinical vari-
cocele in an infertile man if elevated SDF was found,
185/400 (46.2%) would not, and this was followed by
33.0% of respondents who would if there are no other
underlying causes of risks for elevated SDF (Fig. 12).

(2) Society guidelines

The AUA/ASRM and the EAU guidelines do not rec-
ommend the repair of subclinical non-palpable varico-
celes [18-22]. There 1s no direct mention of SDF in this
population of infertile men.

The EAA and SIAMS recommend monitoring sub-
clinical varicoceles, as no significant improvement in
fertility outcomes has been reported following the re-
pair of subclinical varicoceles [24,25]. There is no direct
mention of SDF.

(3) Discussion

Most evidence supports that a statistically signifi-
cant reduction in SDF might occur only after VR of
a clinically significant varicocele [72,73]. Even though
SDF is used in some clinical settings as an indicator of
the need for VR, SDF and pregnancy rates were not
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proven to improve in the group of men with subclini-
cal varicocele [74]. Similarly, no significant difference
in SDF levels was seen between men with subclinical
varicocele who underwent treatment compared to those
who did not [75].

Our survey identified that almost 46% of urologists
do not repair a subclinical varicocele with elevated
SDF associated with infertility, as also recommended
by various professional society guidelines. Despite the
lack of adequate evidence, a similar proportion of clini-
cians do repair subclinical varicocele with 5.0% choos-
ing to perform VR before ART, 7.8% in all men with
subclinical varicocele and elevated SDF, and 33.0%
would repair a subclinical varicocele when no causative
etiology of elevated SDF was identifiable.

Well-controlled studies that demonstrate whether
there is a benefit of repairing subclinical varicocele on
functional sperm parameters including SDF are war-
ranted but may not be feasible given the ethical dilem-
ma of subjecting patients to a potentially unnecessary
surgical intervention.

(4) Expert recommendations

In men with elevated SDF and subclinical varicocele,
varicocele repair is not recommended. Men with sub-
clinical varicocele and elevated SDF need to be evalu-
ated and treated similarly to men without a varicocele.

6) Use of antioxidants in managing infertile men
with elevated SDF

(1) Results
Regarding antioxidants, 49.8% of respondents al-

Q42. "During the evaluation of an infertile man, he is found to have elevated SDF
as well as subclinical varicocele, would you offer varicocele repair for this patient?"

No, | do not repair subclinical varicocele

Yes, only if ART is planned
Yes, only if there are no other underlying
causes and risks for elevated SDF

Fig. 12. Varicocele repair for infertile
men who have subclinical varicocele and
elevated SDF. ART: assisted reproductive
technology, SDF: sperm DNA fragmenta-

46.2%
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ways prescribe them empirically for infertile men with
elevated SDF, while 38.5% consider other potential
causes (Fig. 13). When asked about the associated con-
ditions and risk factors associated with elevated SDF,
for which antioxidants are prescribed, 78.6% selected
smoking, followed by environmental and occupational
exposures, obesity, aging, UMI, and IMI (Fig. 14). The
most frequent antioxidants prescribed co-enzyme Q10,
zinc, and L-carnitine. These are summarized in Table
2. Regarding duration of treatment, 39.3% recommend
antioxidants for 4—6 months, while 38.1% recommend
them for three months (Fig. 15). More than half (57.7%)
of the respondents preferred follow-up SDF testing af-
ter antioxidant supplementation to confirm treatment

Q43. "Do you prescribe antioxidants for infertile men
with elevated SDF?"

3.8%

Yes, always

Yes, depending on the
associated underlying causes
and risk factors

No, | do not prescribe
antioxidants for infertile men
with elevated SDF

Not applicable
2022

Fig. 13. Prescribing antioxidants for infertile men with elevated SDF.
SDF: sperm DNA fragmentation.

GA
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response (Fig. 16).

(2) Society guidelines

Ala'a Farkouh, et al: Management of Elevated SDF: Survey and Recommendations I

AUA/ASRM guideline states that clinicians should

Table 2. Antioxidants prescribed for men with elevated SDF

Antioxidant Number Percentage’
Co-enzyme Q10 287 71.39
Zinc 286 71.14
L-carnitine 285 70.90
Selenium 248 61.69
Vitamin E 233 57.96
Vitamin C 204 50.75
L-arginine 189 47.01
Acetyl carnitine 182 45.27
Folic acid (B9) 170 42.29
Glutathione 155 38.56
N-acetyl cysteine 141 35.07
Lycopene 137 34.08
Vitamin D 107 26.62
Vitamin A 95 23.63
Other B vitamins 84 20.90
Herbal products 58 14.43
Docosahexanoic acid (DHA) 47 11.69
Melatonin 25 6.22
Other 24 597
Not applicable 47 11.69

SDF: sperm DNA fragmentation.
*More than one option allowed, percentage calculated from the total
number of responders to this question (n=402).

Q44. "For which of the following conditions associated with elevated SDF
do you prescribe antioxidants as a primary line of therapy?"

Not applicable
None
Spinal cord injury

Leukocytospermia 36.2%
Male genital tract infections | ]39.7%
ART failure 44.9%
Subclinical varicocele 45.1%
Clinical varicocele | | 49.6%
RPL, no other causes found 51.1%
IMI 53.4%
UMI 55.6%
Aging 61.9%
Obesity | ] 63.8%
Exposures (occupational, environmental) 70.6%
Smoking 78.6%

0 50 100 150

200

250

300

No. of responses

350

Fig. 14. Conditions associated with ele-
vated SDF in infertile men, for which an-
tioxidants are prescribed. Respondents
were allowed to select more than one
answer. The percentage for each answer
was calculated by dividing the number
of respondents who had selected it by
the total number of respondents who
had answered this question (n=401).
ART: assisted reproductive technology,
IMI: idiopathic male infertility, RPL: re-
current pregnancy loss, SDF: sperm DNA
fragmentation, UMI: unexplained male
infertility.
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Q46. "What duration of treatment with antioxidants do you recommend

for infertile men with elevated SDF?"

38.1% 99-3%

150 3 Bl Less than 3 months
Bl 3 months
Il 4-6 months
E 7-12 months
3 1 Until clinical pregnancy is achieved
2 100 Bl Not applicable
a
1]
o
G
o 4
z %0 9.5% ; :
7.5% Fig. 15. Recommended duration of
treatment with antioxidants for infertile
1.0% men with elevated SDF. SDF: sperm DNA
0- fragmentation.

counsel patients that the benefits of supplements (e.g.,
antioxidants, vitamins) are of questionable clinical
utility in treating male infertility [18,19]. Existing data
are inadequate to provide recommendations for specific
agents to use for this purpose (Conditional recommen-
dation; Evidence Level: Grade B). There is no mention
of SDF.

EAU guideline states that no clear recommenda-
tion can be made for the treatment of patients with
idiopathic infertility using antioxidants, although an-
tioxidant use may improve semen parameters (Weak
recommendation) [20-22].

SIAMS guideline suggests considering the use of
nutraceuticals/antioxidants in selected patients with
idiopathic oligozoospermia and/or asthenozoospermia
and/or clear signs of high OS since in some cases, they
might improve sperm parameters (very low-quality
evidence) [25]. There is no direct mention of SDF. How-
ever, in the evidence section, they mention that anti-
oxidants may be considered for the treatment of IMI
with proven sperm DNA damage.

(3) Discussion

The rationale behind the administration of antioxi-
dants in cases with elevated SDF is to improve the to-
tal seminal antioxidant buffering capacity and reduce
seminal ROS with the least possible adverse events
[76]. Majzoub et al [77] reviewed the effectiveness of
varied antioxidant therapy on cases with elevated SDF
along 12 articles conveying a beneficial effect on SDF
measures, semen parameters, and ICSI outcome. Lately,
Humaidan et al [78] pointed out that a 3-month life-
style intervention program combined with antioxidant
therapy could reduce DFI in infertile men with el-

18 www.wjmh.org

Q47. "How do you follow-up on treatment success after antioxidant
supplementation in infertile men with elevated SDF?"

Demonstration of reduced
SDF on repeat testing
Clinical pregnancy

Live birth

| do not follow-up

Not applicable

' GA
-l 4

2022

Fig. 16. Follow-up on the success of antioxidant therapy in the man-
agement of infertile men with elevated SDF. SDF: sperm DNA frag-
mentation.

oomn

evated SDF and a history of failed IVF/ICSL In many
of these trials, combinations of antioxidants were used
but the optimal dosages and durations were not de-
fined.

Most of our respondents prescribe antioxidants in
cases of infertile patients with high seminal SDF,
either immediately or after consideration of other
underlying contributing risk factors. OS due to high
levels of ROS production and/or reduced antioxidants
is an established cause of SDF [79]. Thus, antioxidant
supplementation could potentially restore the seminal
redox balance.

Among the underlying risk factors that could in-
crease sperm DNA damage are aging, smoking, envi-
ronmental toxins, and obesity [80]. Nearly 80% of our
respondents were inclined to prescribe antioxidants to
infertile patients who were smokers (Fig. 14). In their
systematic review and meta-analysis, on infertile men
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(5257 smokers and 5566 non-smokers), Bundhun et al
[81] observed the detrimental impact of smoking on
sperm count and normal morphology. Additionally,
smokers have higher chromatin decondensation com-
pared to non-smokers [82]. While it would be i1deal if
infertile men would quit smoking, antioxidant supple-
mentation could help alleviate some of smoking's nega-
tive impact on sperm quality.

The antioxidants that were commonly prescribed by
our respondents were: co-enzyme Q10, zinc, and L-carni-
tine (Table 2). L-carnitine and coenzyme-Q10 are among
the more efficacious antioxidants for improving sperm
quality in IMI, as reported in a recent systematic re-
view and meta-analysis of 23 randomized controlled
trials involving 1917 patients [83]. L-carnitine was more
effective in improving sperm motility and sperm mor-
phology, while coenzyme Q10 therapy increased sperm
motility and sperm concentration in patients with IIMI
[83]. The positive impact of coenzyme-Q10 on reducing
SDF levels has also been documented [84]. Majzoub and
Agarwal [85] addressed that these antioxidants along
with N-acetyl cysteine, selenium, folic acid, vitamins
C and E, and lycopene, alone or in combination, are
among the most common antioxidant therapy in male
infertility management.

Our respondents were almost equally likely to pre-
scribe antioxidant therapy for either a 3-month or
4—6-month duration (Fig. 15). While both these dura-
tions are commonly used when prescribing antioxi-
dants, few studies have determined the optimal dura-
tion to elicit improvement in sperm quality in these
cases. However, a recent review observed that the av-
erage percentage change in sperm concentration, motil-
ity, progressive motility, and morphology at 3 months
did not differ significantly from that at 6 months [86].

To determine if the antioxidant therapy was ef-
fective, the majority of the respondents (nearly 60%)
choose to repeat SDF testing (Fig. 16). Indeed, studies
have shown that antioxidant therapy yields a signifi-
cant improvement in sperm OS and/or DNA damage
levels [85,87]. Although most experts do not repeat SDF
testing before initiating management, they agree to
follow-up treatment success after prescribing antioxi-
dants.

It is important to point out that not all evidence
demonstrates desirable fertility outcomes with the
use of antioxidants. A randomized clinical trial did
not report any significant difference in SDF levels or
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clinical pregnancy rates after 3 months of antioxidants
compared to placebo [88]. This conflicting evidence
highlights the importance of careful patient selection
and cautious prescription of antioxidants, as liberal
use may shift the subtle balance between oxidants and
antioxidants, towards reductive stress (RS) within the
reproductive tract, which - similar to OS - can also lead
to impaired sperm function and DNA abnormalities
[89,90]. Thus, empiric antioxidant treatment is not de-
void of potential adverse effects.

All guidelines do not recommend prescribing antioxi-
dants clearly and with confidence, and if so, they state
that clinicians should counsel patients that their ben-
efits are questionable. However, some guidelines advise
antioxidants but do not mention them directly for high
SDF [21,26]. In addition, there are no approved drugs
or components recommended by recent guidelines to
decrease SDF, so there is no specific dose or duration
advised [21].

(4) Expert recommendations

Although there remains no unanimous consensus,
empiric antioxidants may be prescribed for infertile
men with elevated SDF, especially if they have risk
factors and known conditions associated with elevated
SDF, including idiopathic infertility, RPL, varicocele,
leukocytospermia, smoking and other lifestyle and en-
vironmental risk factors.

There is no consensus on the type, dosage, and dura-
tion of antioxidant treatment that can be recommend-
ed, although a duration of 3—6 months has been proven
successful.

The success of treatment should be guided by im-
proved conventional semen parameters, decreased SDF
levels, and improved reproductive outcomes (either
natural or ART).

The current trend of prescribing antioxidants to all
infertile men (even if SDF is not tested) is concerning,
because improper prescription of these components
may negatively impact semen parameters and fertility
potentials of men.

7) Use of hormonal therapy in managing infertile
men with elevated SDF

(1) Results
When asked if they prescribe empiric hormonal ther-
apies for infertile men with elevated SDF, the major-

www.wjmhorg 19



| hitps://doi.org/10.5534/wjmh.230008

ity of participants do not (197/399, 49.4%), while 34.6%
prescribe them depending on associated conditions and
risk factors (Fig. 17). Table 3 lists the hormones pre-
scribed by the respondents of our survey, to infertile
men with elevated SDF, with the most common being
follicle-stimulating hormone (FSH). Participants were
then asked about the duration of treatment with hor-
mones and of those who do prescribe hormones, most
chose 4-6 months, followed by 3 months (Fig. 18).

(2) Society guidelines

AUA/ASRM guideline recommends the use of aro-
matase inhibitors, hCG, and selective estrogen recep-
tor modulators (SERMs) for infertile men with low
testosterone (T); while recommending T monotherapy
should not be prescribed for men interested in current
or future fertility [18,19]. There is a limited benefit for
the use of SERMs in the IMI patient relative to the re-
sults of ART. There is no specific mention of the use of
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hormonal therapies in relation to SDF.

There is no specific recommendation regarding the
use of hormonal treatments in the management of in-
fertile men with elevated SDF in the EUA guidelines
[20-22]. However, they provide a weak recommendation
on the benefit of FSH in men with idiopathic oligozoo-
spermia and normal FSH levels, to improve spermato-
genesis outcomes.

The EAA recommends against therapy with andro-
gens [24]. This is not relevant to high SDF. Treatment
with FSH can be suggested with low evidence in se-
lected men from infertile couples (normogonadotropic
men with idiopathic oligozoospermia or OAT) in order
to improve quantitative and qualitative sperm param-
eters and pregnancy rate. There is no direct mention
of high SDF. The EAA statement does not recommend
either for or against SERMs (tamoxifen or clomiphene)

Table 3. Hormones prescribed for men with elevated SDF

Hormone Number Percentage®
Q48. "Do you prescribe hormones for infertile men FSH 87 21.80
with elevated SDF?" SERMs, such as clomiphene 81 20.30
2.3% citrate, tamoxifen
Il VYes, always hCG 63 15.80
Bl Yes, depending on the .
associated underlying causes Aromatase inhibitors, such as 49 12.30
and risk factors letrozole, anastrozole,
Il No, | do not prescribe hormones testolactone
for infertile men with elevated SDF
[ Not applicable GnRH 19 4.80
Other 6 1.50
Not applicable 253 63.40

Fig. 17. Prescribing hormones for infertile men with elevated SDF.

SDF: sperm DNA fragmentation.

" 9

FSH: follicle stimulating hormone, GnRH: gonadotropin releasing

hormone, hCG: human chorionic gonadotropin, SDF: sperm DNA

2022

fragmentation, SERM: selective estrogen receptor modulator.
*More than one option allowed, percentage calculated from the total

number of responders to this question (n=399).

Q50. "What duration of treatment with hormones do you recommend

for infertile men with elevated SDF?"

250 A 59.6%
I Less than 3 months
Il 3 months
200 Il 4-6 months
2 [ 7-12 months
@ I Until clinical pregnancy is achieved
S 150 I Not applicable
8
S 100
o)
z
50
1.5% 1.5%
0 -
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Fig. 18. Recommended duration of
treatment with hormones for infertile
men with elevated SDF. SDF: sperm DNA
fragmentation.
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or aromatase inhibitors in men with OAT. There is no
direct mention of high SDF.

The SIAMS position statement describes the indica-
tions of FSH therapy, suggesting its use in selected
men with oligozoospermia and/or asthenozoospermia,
to increase the sperm quantity, quality, and pregnancy
rate [25]. Even though there is no specific mention of
SDF, in the evidence section there is mention of the
efficacy of FSH on SDF. There is no mention of the ef-
fect of anti-estrogens or aromatase inhibitors on SDF.

(3) Discussion

Several intratesticular mechanisms can lead to SDF
during spermatogenesis. These include (1) apoptosis;
resulting from impairment of testicular function or
derailment of chromatin condensation, and (2) DNA
breaks; produced by sperm chromatin remodeling dur-
Ing spermiogenesis, which is normally repaired before
mature spermatozoa are released, but can persist if
testes are exposed to OS, resulting in the production of
DNA fragmented sperm [91,92].

Spermatogenesis is under the synergistic effect of
reproductive hormones, mainly FSH, T, and estradiol
(E2) [93]. A high E2 level or impaired E2T ratio will
result in negative feedback on FSH production. FSH
is essential for the initiation and maintenance of sper-
matogenesis and suppression of FSH may promote an
increase in SDF [94]. Based on these facts, hormonal
therapy may be offered as a method of improving SDF
in infertile men through increasing FSH levels either
directly or by decreasing negative feedback created by
a high E2 or E2.T ratio.

The most commonly used hormonal treatment is
recombinant FSH (rFSH). Ruvolo et al [95] reported
significant improvement in SDF levels in men with
oligozoospermia and hypogonadotropic hypogonadism
given rFSH, especially with SDF >15%. Colacurci et al
[96] also reported significant reductions in DFI (23.7%
to 12.6%) when rFSH was given to infertile men with
idiopathic OAT and normal hormone levels, compared
to controls who received non-antioxidant supplements
and did not show improvements in DFI levels. Simoni
et al [97] reported improvement of SDF with rFSH in
oligozoospermic men with FSH receptor homozygous
genotype (p. N680S), highlighting a genetic role in
modulating the response to FSH, and explaining why
not all men with high SDF and oligozoospermia will
respond to rFSH. Other hormonal therapies such as
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aromatase inhibitors (Letrozole) have also been shown
to improve sperm chromatin integrity in men with id-
iopathic OAT and T:E2 ratio <10 [98].

The results of our survey showed that only 37% of
the participants use hormonal therapy for high SDF.
This is expected due to the lack of clear recommen-
dations from different societies on the use of such
treatment modality and the paucity of evidence in
the literature with only a handful of studies with a
small sample size discussing this treatment modality.
A meta-analysis of articles assessing the effect of FSH
on SDF included only 383 patients with marked het-
erogeneity between studies [99]. Furthermore, the small
percentage of surveyors using hormones for elevated
SDF reflects they should be carefully used for selected
cases. Participants, prescribing hormonal therapy for
SDF, the most commonly used rFSH, and for a dura-
tion of therapy of 4-6 months in accordance with the
literature.

(4) Expert recommendations

No clear recommendation can be made for or against
the use of hormonal therapy for high SDF. We recom-
mend the use of hormone therapy only by well-trained
fertility experts and in combination with other thera-
pies (lifestyle modification, infections therapy, antioxi-
dants).

Hormonal therapy could be effective in oligozoosper-
mic, hypogonadotropic hypogonadal men, and those
with FSH receptor homozygous genotype (p. N680S).
Such men with high SDF can be counseled to use this
treatment after being informed about the lack of clear
recommendations and possible side effects.

Follow-up should also occur to determine whether
higher pregnancy rates and most importantly whether
LBRs are being achieved whether through natural
pregnancy or ART.

8) Managing ART failure in a couple with elevated
SDF in the male partner

(1) Results

In our survey, we asked participants how they would
approach various scenarios of ART failure, with dif-
ferent types of failure of the different ART modalities.
The responses to these questions were then stratified
according to specialty and compared between urolo-
gists/andrologists and other specialties including gyne-
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cologists, endocrinologists, and ART specialists. These
questions, along with the overall responses and strati-
fied responses are presented in Table 4.

In general, for both questions related to IUI failure
(failure to achieve clinical pregnancy and miscarriage),
the most common option chosen overall at 33.5% and
289% respectively, was to repeat IUI after instituting
conservative measures including reduced abstinence
and antioxidant supplementation. When the analysis
was stratified according to specialties, significant dif-
ferences were found in these two questions as urolo-
gists/andrologists were more inclined to repeat IUI af-
ter conservative measures while other specialists were
more likely to refer to ICSI (p=0.01 for the question
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regarding failure to achieve a clinical pregnancy after
TUI and p=0.001 for the question regarding miscarriage
after TUI).

When asked how they would approach fertilization
failure after IVF and elevated SDF, 26.7% of respon-
dents would refer to ICSI using techniques to select
sperm with lower SDF, followed by 18.2% who would
repeat IVF after applying conservative measures, Only,
1.2% would repeat IVF with no additional intervention.
When stratified according to specialty, no significant
differences were found. Regarding their approach to-
wards failure to achieve a clinical pregnancy after IVF,
a very similar trend in the responses was seen with
similar overall percentages, and when stratified no sig-

Table 4. Answers of questions related to management of ART failure and elevated SDF

Option Overall responses  Urology/andrology® Other specialties’  p-value®

In a couple with a normal female partner experiencing failure to achieve a clinical pregnancy after 1Ul, associated with elevated SDF in the male

partner, what would your management strategy be?

Repeat the procedure after applying conservative measures
(shorter abstinence, antioxidants)

Refer for ICSI using techniques to select sperm with lower SDF
Refer for ICSI with ejaculated sperm

Repeat [Ul using techniques to select sperm with lower SDF
Refer for ICSI using testicular sperm

Repeat the procedure with no additional intervention

Not applicable

Total

133 (33.5) 94 (37.5) 39(26.7) 0.01
68 (17.1) 44.(17.5) 24(16.4)
62 (15.6) 29(11.5) 33(22.6)
44 (11.1) 29(11.5) 15(10.3)
34(8.6) 26 (10.4) 8(5.5)
1(2.8) 5(2.0) 6(4.1)
45(11.3) 24(9.6) 21(14.4)
397 (100) 251(100) 146 (100)

In a couple with a normal female partner experiencing miscarriage after [Ul, associated with elevated SDF in the male partner, what would your

management strategy be?

Repeat the procedure after applying conservative measures
(shorter abstinence, antioxidants)

Refer for ICSI using techniques to select sperm with lower SDF
Repeat IUl using techniques to select sperm with lower SDF
Refer for ICSI with ejaculated sperm

Refer for ICSI using testicular sperm

Repeat the procedure with no additional intervention

Not applicable

Total

115(28.9) 82(32.8) 33(22.3) 0.001
86 (21.6) 53(21.2) 33(22.3)
56 (14.1) 32(12.8) 24(16.2)
(11.6) 22(8.8) 24(16.2)
(9.5) 32(12.8) 6(4.1)
(3.0) 5(2.0) 7(4.7)
45(11.3) 24 (9.6) 21(14.2)
398 (100) 250 (100) 148 (100)

In a couple with a normal female partner experiencing fertilization failure after IVF, associated with elevated SDF in the male partner, what would

your management strategy be?
Refer for ICSI using techniques to select sperm with lower SDF

Repeat the procedure after applying conservative measures
(shorter abstinence, antioxidants)

Refer for ICSI using testicular sperm

Refer for ICSI with ejaculated sperm

Repeat IVF using techniques to select sperm with lower SDF
Repeat the procedure with no additional intervention

Not applicable

Total

107 (26.7) 62 (24.7) 45 (30.0) 0.05
73(18.2) 50(19.9) 23(15.4)
63 (15.7) 46 (18.3) 17(11.3)
61(15.2) 32(12.8) 29(19.3)
46 (11.5) 34(13.5) 12 (8.0)
5(1.2) 3(1.2) 2(1.3)
46 (11.5) 24(9.6) 22(14.7)
401 (100) 251(100) 150 (100)
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Table 4. Continued
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Option

Overall responses  Urology/andrology®  Other specialties®

p-value®

In a couple with a normal female partner experiencing failure to achieve a clinical pregnancy after IVF, associated with elevated SDF in the male

partner, what would your management strategy be?
Refer for ICSI using techniques to select sperm with lower SDF

Repeat the procedure after applying conservative measures
(shorter abstinence, antioxidants)

Refer for ICSI using testicular sperm

Refer for ICSI with ejaculated sperm

Repeat IVF using techniques to select sperm with lower SDF
Repeat the procedure with no additional intervention

Not applicable

Total

108 (26.9) 69 (27.5) 39(26.0) 03
74(18.5) 50(19.9) 24(16.0)
73(18.2) 50 (19.9) 23(15.4)
52(13.0) 26 (10.4) 26(17.3)
45(11.2) 30(11.9) 15 (10.0)
5(1.2) 3(1.2) 2(1.3)
44(11.0) 23(9.2) 21(14.0)
401 (100) 251(100) 150 (100)

In a couple with a normal female partner experiencing miscarriage after IVF or ICSI, associated with elevated SDF in the male partner and no

other abnormality, what would your management strategy be?

Repeat IVF or ICSI using techniques to select sperm with
lower SDF

Refer for ICSI using testicular sperm

Repeat the procedure after applying conservative measures
(shorter abstinence, antioxidants)

Repeat the procedure with no additional intervention
Transfer to another center

Not applicable

Total

128 (32.0) 74 (29.5) 54(36.2) 0.05
118(29.5) 86 (34.3) 32(21.5)
92(23.0) 58(23.1) 34 (22.8)
1(2.7) 5(1.9) 6 (4.0)
5(1.3) 4(1.6) 1(0.7)
6(11.5) 24(9.6) 22(14.8)
0 (100) 251(100) 149 (100)

Values are presented as number (%).

For each option, overall answers are presented in descending order in the first column. The answers are then stratified according to specialty into

urology/andrology vs. other specialties.

ART: assisted reproductive technology, ICSI: intracytoplasmic sperm injection, IUl: intrauterine insemination, IVF: in vitro fertilization, SDF: sperm

DNA fragmentation.

The p-value in the last column represents the overall comparison between the responses of urologists/andrologists when compared to other
specialties (the two columns marked with °) using Fischer’s exact test; a value <0.05 is considered a significant difference.

nificant difference was seen between specialties.

Regarding miscarriage after IVF or ICSI, 32.0%
would repeat the procedure with techniques to select
sperm with lower SDF, followed by referral to ICSI
with testicular sperm at 29.5% (Fig. 19). When the
analysis 1s stratified to compare specialties, differences
did not reach statistical significance.

(2) Society guidelines

AUA/ASRM, EAU, SIAMS, and DGGG, OEGGG and
SGGG guidelines do not specifically address the man-
agement of ART failure with elevated SDF [18-22,25,26].
In the section on ART, however, the EAU recommends
ICSI as the fertilization method when there is male
factor infertility associated with elevated SDF [21].

The EAA recommends in cases of several (2 or more)
ICSI failures after the use of ejaculated spermatozoa
(with uncorrectable high DFI), the option of TESE and
use of testicular spermatozoa for ICSI can be consid-

Q55. "In a couple with a normal female partner experiencing
miscarriage after IVF or ICSI, associated with elevated SDF in
the male partner and no other abnormality, what would your
management strategy be?"

Repeat the procedure with

no additional intervention
Repeat the procedure after
applying conservative measures
(shorter abstinence, antioxidants)
Repeat IVF or ICSI using
techniques to select sperm

with lower SDF

Refer for ICSI using testicular
sperm

Transfer to another center

Not applicable
' GA
s i 9

2022

Fig. 19. Approach to miscarriage after IVF or ICSI and elevated SDF in
the male partner. ICSI: intracytoplasmic sperm injection, IVF: in vitro
fertilization, SDF: sperm DNA fragmentation.
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ered and discussed with the couple, with counseling
that this approach is based on low-quality evidence [24].

(3) Discussion

Many studies have investigated the impact of el-
evated SDF on various outcomes of ART, which has
allowed several meta-analyses to be published over the
years highlighting various harmful impacts of SDF on
different ART outcomes.

@ SDF and IUL A systematic review with meta-
analysis including 10 studies, supported that a high
SDF was associated with lower rates of clinical preg-
nancies and delivery rates following IUI [56]. However,
this meta-analysis had some limitations such as the
heterogeneity in terms of the SDF assay technique,
and cut-off values used for DFI in the different stud-
ies included. Another meta-analysis also demonstrated
lower pregnancy rates after IUI with high SDF but
failed to demonstrate the role of SDF in predicting
the outcomes of IUI [100]. Similarly, no significant as-
sociation was reported between SDF and the rates of
clinical pregnancy and pregnancy loss after TUI [101].
It does seem that elevated SDF can affect IUI success
and should be considered and addressed in cases of ITUI
failure, however, no strong evidence supports the ex-
tent of this clinical impact.

@ SDF and IVF: Low fertilization rates and total
fertilization failure were found to be significantly cor-
related to DFI in men with asthenozoospermia [102].
A meta-analysis that included 4 studies with 770
IVF cycles, found fertilization rates to be lower with
high sperm DNA damage (fertilization rate=55.4%)
compared to low sperm DNA damage (fertilization
rate=71.8%), however, pooled analysis did not yield sta-
tistical significance [103]. In a recent meta-analysis by
Ribas-Maynou et al [59], that included 8 studies with
4,055 IVF cycles, lower implantation rates after IVF
with high sperm DNA damage were reported (RR=0.68,
p<0.01). As for clinical pregnancy rates after conven-
tional IVF, the majority of published meta-analyses
report a significantly lower clinical pregnancy rate
after IVF for those with high sperm DNA damage
[63,57-59,103,104]. On the other hand, a meta-analysis
by Zhang et al [105] included 20 papers and did not
confirm the predictive value of SDF on pregnancy
outcomes after IVF and concluded that further studies
are needed. Miscarriage rates were also reported to be
significantly higher after IVF with higher SDF [58,106].

24 www.wjmh.org
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Lastly, two meta-analyses have also reported lower
LBRs after IVF with higher SDF [59,107]. Although
there are some contradicting reports, and evidence is
based on heterogeneous studies that do not control for
the several confounding variables including female
factors and SDF testing methods and conditions, the
harmful impact of SDF on all reproductive outcomes
after conventional IVF must be acknowledged and tak-
en into account when couples experience IVF failure or
are planned for IVF.

® SDF and ICSL: A previous study reported higher
pregnancy rates in ICSI than in IVF when the SDF is
high [108]. In 2015, a systematic review and meta-anal-
ysis including 6 studies showed no statistical differ-
ence in LBR between low and high SDF in ICSI while
higher LBR was seen in men with low SDF after IVF
[107]. Similarly, recent studies have failed to show the
significant role of SDF in predicting reproductive out-
comes in ICSI [109,110]. In contrast to conventional IVF,
most meta-analyses do not report significant differenc-
es between high and low SDF in terms of fertilization
rates, implantation rates, and clinical pregnancy rates
after ICSI [53,58,59,104,105]. However, similar to IVF,
miscarriage rates after ICSI with higher SDF were
found to be significantly higher [58,105,106]. In general,
the negative impacts of SDF on achieving fertilization
and clinical pregnancy seem to be bypassed by ICSI,
however, there is still a subsequent effect of high SDF
that may lead to increased miscarriage rates, affecting
final ICSI outcomes in these cases.

Almost a third of participants in the survey, manage
IUI failure and elevated SDF by repeating the proce-
dure after applying conservative measures such as a
shorter abstinence period. This approach was supported
by a prospective cohort study suggesting three hours
of abstinence as an effective treatment for high SDF
[561]. However, a clinical trial including 120 couples with
unexplained infertility showed no effect of the ejacu-
latory abstinence period on SDF and outcomes of IUI
cycles [111]. The practices of clinicians on how they ap-
proach IUI failure were heterogenous, with significant
differences between disciplines. This is expected given
the lack of standardized practices in addressing TUI
failure as well as individual patient factors, financial
factors, and a lack of consensus on how to manage SDF
in general.

The results of our study show that after IVF failure
with a high SDF, nearly 60% of participants propose
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a switch to ICSI with either ejaculated sperm, selected
sperm, or testicular sperm. These practices are in line
with the current evidence in that clinical pregnancy
rates after ICSI are not significantly affected by SDF
levels. Clinicians should still keep in mind the risk of
miscarriage. Well-controlled randomized trials on the
use of measures to reduce SDF prior to ICSI and their
effect on miscarriage rates are needed and may in fact
define appropriate management steps to undertake in
these cases. On the other hand, less than 20% return to
conventional IVF with or without conservative mea-
sures after IVF failure. Conservative measures such as
shortening the abstinence period or taking antioxidant
treatments can reduce SDF [51,77]. However, there is
no evidence of the effect of these measures on conven-
tional IVF outcomes.

In cases of recurrent miscarriage after IVF or ICSI,
the options of ICSI with sperm selection or testicular
sperm were the most chosen management options, and
both have been associated with lower SDF and are dis-
cussed subsequently.

(4) Expert recommendations

When failure to achieve clinical pregnancy, or preg-
nancy loss occurs after IUI, associated with elevated
SDF in the male partner, management of underlying
causes of SDF as well as applying measures to lower
SDF, including antioxidant supplementation and a
shorter abstinence period before IUI, should be at-
tempted when repeating IUL

For couples failing to achieve fertilization or clini-
cal pregnancy after conventional IVF, associated with
elevated SDF in the male partner, management of un-
derlying causes of SDF as well as applying measures to
lower SDF, including antioxidant supplementation and
a shorter abstinence period before IVF, may be consid-
ered, or alternatively, the couple may be referred for
ICSL

For couples experiencing ICSI failure or miscarriage
after ICSI, associated with elevated SDF in the male
partner, ICSI with sperm selection techniques or tes-
ticular sperm may be considered, in addition to conser-
vative measures to lower SDF.
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9) Use of Sperm Selection Techniques for infertile
men with elevated SDF

(1) Results

When asked about their practices regarding sperm
selection techniques for infertile men with elevated
SDF, 43.1% would recommend sperm selection for re-
peat ART after an initial failure if there is elevated
SDF, while 32.3% would always recommend sperm se-
lection if the couple is planned for ART and the man
has elevated SDF. 24.6% do not recommend sperm se-
lection techniques (Fig. 20). The most commonly chosen
sperm selection methods are intracytoplasmic morpho-
logically selected sperm injection (IMSI), physiologi-
cal ICSI (P-ICSI), and density gradient centrifugation
(DGC) at 27.4%, 23.9%, and 22.2% respectively (Fig. 21).

(2) Society guidelines

EAU guidelines do not make explicit recommenda-
tions for elevated treating elevated SDF by sperm
selection [20-22]. They do state that traditional sperm
preparation procedures for ICSI (swim-up and DGC)
are unable to select sperm with optimal DNA integrity
and go on to discuss IMSI, P-ICSI, and magnetic-acti-
vated sperm cell sorting (MACS), as advanced sperm
selection techniques.

The recently updated ESHRE guidelines state that
there is no evidence to support P-ICSI in couples with
RPL [23]. There 1s no direct mention of SDF in this re-
gard.

(3) Discussion
Based on our discussion in the previous section, it is

Q56. "Do you recommend sperm selection techniques
for infertile men with elevated SDF?"

I Yes, always if the couple is
planned for ART with male
partner having high SDF

Il Yes, only for repeat ART after
initial failure with male partner
having high SDF

Il No, | do not recommend
sperm selection techniques

D

2022

Fig. 20. Recommending sperm selection techniques for infertile men
with elevated SDF. SDF: sperm DNA fragmentation.
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Q57. "Which sperm selection techniques do you use or recommend for men with elevated SDF?"

Not applicable
Other
Microfluidics

Magnetic-activated cell sorting (MACS)

Density gradient centrifugation (DGC) 22.2%
Physiological intracytoplasmic sperm injection (P-ICSI) 23.9%
Intracytoplasmic morphologically 27.4%

selected sperm injection (IMSI)

Fig. 21. Sperm selection techniques
recommended by the respondents. Re-

clear that elevated SDF can still exert harmful impacts
on the outcomes of various ART methods. Advanced
sperm selection techniques may contribute towards
selecting sperm with low levels of SDF. Conventional
ICSI is performed by injecting single sperm directly
into the oocyte. The sperm used for ICSI is chosen by
the embryologist under the criteria of normal morphol-
ogy and motility. IMSI is an ICSI technique that uses
ultra-high magnification. The process is used to select
motile spermatozoa with few vacuoles and normal
nuclear morphology. The magnification used in IMSI
is up to 6,000%, whereas in standard ICSI, the magni-
fication is around 200—400X. Another improvement of
the ICSI procedure, called P-ICSI, is with the use of
hyaluronic acid (HA), which is the main component of
the oocytes’ cumulus matrix. This technique is based
on the fact that only the sperm cells that have success-
fully completed spermatogenesis and full maturation
will express the HA receptors on their membrane, and
this is correlated to a low SDF [112-114].

DGC is the most widespread sperm preparation tech-
nique which involves separating the spermatozoa as a
function of density and motility, using a density gradi-
ent and then followed by centrifugation. Sperm prepa-
ration by DGC separates sperm cells based on their
density, in which morphologically normal and abnor-
mal spermatozoa have different densities [115]. MACS
is a technique used to identify and eliminate apoptotic
cells from the ejaculate by using annexin V. MACS is
done by passing the ejaculate through a column where
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T , spondents were allowed to select more
140 160 than one answer. The percentage for
each answer was calculated by dividing

the number of respondents who had se-

G lected it by the total number of respon-
dents who had answered this question
(n=401). SDF: sperm DNA fragmentation.

the apoptotic fraction remains retained and the viable
fraction of a semen sample is collected [116]. Microflu-
idics is a technique that allows the motile fraction of
sperm cells to swim through the flow and be collected
in separate chambers, while the immotile sperm cells
and debris reach the exit of the system. This method
is based on the principle of natural sperm selection by
passage through micro-barriers using disposable chips,
mimicking in vivo natural environment of the female
reproductive system [117].

The advantages and disadvantages of the various
sperm selection techniques are presented in Table 5
[112,114-116,118-136]. However, it should be underlined
that the randomized clinical trials conducted to report
on the effectiveness of these techniques did not focus
strictly on men with elevated SDF, thus robust evi-
dence is lacking on the effect of advanced sperm selec-
tion on this specific group of patients.

Our results show that 754% recommend the use of
sperm selection techniques for infertile men with el-
evated SDF, which is in accordance with the literature
that provides evidence on these techniques lowering
SDF [114,116]. However, the indications remain unclear,
and our results are mixed between 43.1% of the partici-
pants recommending sperm selection only for repeated
ART after initial failure with a male partner having
high SDF, and 32.3% always recommending sperm se-
lection if the couple is planned for ART.

Regarding the choice of the sperm selection tech-
nique, according to our results, the most recommended
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Table 5. Advantages and disadvantages of the various sperm selection techniques

Method Advantages Disadvantages

ICSI There is a positive and reproducible correlation between There is no clear statement that every sperm which is
teratozoospermia index and sperm DNA damage [118,119]. morphologically normal will have a non-damaged DNA.

There is an inverse correlation between progressive motility ~ The relationship between sperm morphology and sperm DNA
and sperm DNA damage [119,120,122]. damage still remains unclear [121].

Both reasons confirm ICSl as an appropriate technique to
reduce sperm DNA damage.

IMSI Provide better results in reducing SDF [123], since sperm Although the ultra-high magnification enables the operator to
with fragmented DNA tend to present vacuoles and see the sperm clearer and better, there seems to be a lack of
ultra-morphological alterations. evidence to prove that IMSI is better than ICSl in selecting better

sperm in terms of sperm DNA integrity [124].
The use of expensive equipment and the long processing time is
also a drawback of using this technique.

P-ICSI Some studies demonstrated that this technique allows the  No specific drawbacks to P-ICSI are known at present [128], except
selection of spermatozoa with a normal nucleus and in testicular sperm samples where no motile sperm is present.
without SDF [114].

Sperm that are mature and have intact DNA tend to bind
to the hyaluronic acid, making them slow down, for easy
choosing [112,125].

Clinical evidence supporting its use is available [126].

Preferred for use in older females [127].

DGC DGC s easy to do, and already become the most widely There is no consensus in the literature regarding the effect on DNA
used sperm preparation technique prior to ART [115]. integrity, some studies demonstrated an improvement in SDF

[115,129] while others report an increase in SDF [130].

MACS Several authors have shown the ability of this technique Requires the use of expensive equipment [123].
to select spermatozoa with reduced DNA fragmentation ~ Several reports show no clinical benefits, probably because its use
[116,131,132]. is not focused on the right population of patients [133,136].

Preferred to be used in females younger than 30 years
old [127].

Microfluidics The ability to reduce SDF [134,135]. Not widely available, and high cost [135].

Easy to use. Low volumes of ejaculate being processed, a considerable loss of

sperm cells.

ART: assisted reproductive technology, DGC: density gradient centrifugation, ICSI: intracytoplasmic sperm injection, IMSI: intracytoplasmic mor-
phologically selected sperm injection, MACS: magnetic activated cell sorting, P-ICSI: physiologic intracytoplasmic sperm injection, SDF: sperm

DNA fragmentation.

techniques are IMSI (27.4%), P-ICSI (23.9%), and DGC
(22.2%). Those results are in line with the current so-
ciety guidelines as no clear recommendation is stated
regarding the choice of a specific technique. The ma-
jority of our participants recommend the use of sperm
selection for infertile men with elevated SDF, which is
opposite to the current society guidelines that do not
make recommendations in that regard.

Well-designed trials are needed to demonstrate the
benefit of each sperm selection method and its effects
on ART outcomes when used for elevated SDF.

(4) Expert recommendations

Sperm selection techniques may be used for infertile
men with elevated SDF if the couple is planned for
ART or in case of initial ART failure.

IMSI, MACS, P-ICSI, DGC, and microfluidic tech-
niques have each shown advantages and drawbacks.
No particular technique can be recommended over an-
other, and none has shown a clear superiority.

Couples should be counseled that any choice and
decision on how to select sperm to improve SDF and
thus reproductive success after ART, is to date based
on empirical evidence. Given this fact, these techniques
should be limited to sporadic cases that have failed
with classic methods, aiming at a different approach
but being conscious of the lack of scientific robustness
for its use.
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Q58. "Do you recommend the use of testicular sperm for men with elevated SDF undergoing ICSI?"

58.2%

200 A

150 1

100

No. of responses

50

Q59. "If you answered yes, when would you recommend
testicular sperm for ICSI for men with elevated SDF?"

At first planned ICSI

After failure of one ICSI cycle

After two or more ICSI failures
with sperm selection

| do not recommend testicular
sperm extraction for men with

elevated SDF
Not applicable

b

R .

2022

Fig. 23. Responses to when experts would recommend testicular
sperm if they do for infertile men with elevated SDF. ICSI: intracyto-
plasmic sperm injection, SDF: sperm DNA fragmentation.

0 0§ NN

10) Use of testicular sperm for infertile men with
elevated SDF

(1) Results

When asked about the use of testicular sperm extrac-
tion for infertile men with elevated SDF, 582% would
recommend or perform it in certain cases, while 18.9%
would never and 9.2% routinely recommend it (Fig. 22).
If they do recommend testicular sperm, most (38.5%)
do so after failure of two or more ICSI cycles (Fig. 23).
Those who do not recommend testicular sperm were
asked to select reasons for their decision, and these are
presented and summarized in Fig. 24.

(2) Society guidelines

The AUA/ASRM guidelines do not comment on the
use of testicular sperm for men with elevated SDF
[18,19]. In their discussion, however, they do state that a
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Il Yes, routinely

Il Yes, only in some cases

Il No, | do not recommend testicular sperm
for infertile men with elevated SDF

[ Not applicable

Fig. 22. Recommending testicular for in-
fertile men with elevated SDF undergoing
ICSI. ICSI: intracytoplasmic sperm injec-
2022 tion, SDF: sperm DNA fragmentation.

clinician may use surgically obtained sperm in cases of
high SDF.

The EAU does not currently advocate the routine
clinical use of testicular sperm in non-azoospermic men
with high SDF (TESE-ICSI) outside of clinical trials
[20-22]. They do state that urologists may offer this op-
tion after the failure of other treatments to address
underlying etiologies but should counsel their patients
that this practice is based on low-quality evidence.

EAA guideline states that due to a lack of solid evi-
dence from randomized studies, they currently do not
suggest performing routine TESE in OAT patients
with high DNA fragmentation or patients with crypto-
zoospermia [24]. However, in cases of several (2 or more)
ICSI failures after the use of ejaculated spermatozoa
(with un-correctable high DFT), the option of TESE and
use of testicular spermatozoa for ICSI can be consid-
ered and discussed with the couple, with counseling
that this approach is based on low-quality evidence.

(3) Discussion

SDF increases in spermatozoa along the anatomic
route as they pass through the male reproductive tract,
DNA fragmentation increases from the testis to the
vas deferens and the highest levels occur in the ejacu-
late [137]. Passage of sperm through the genital tract
may lead to increased exposure to OS and thus result-
ing in elevated SDF [138]. As an underlying theory, it
has been suggested that mature spermatozoa are ex-
posed to OS during their transit along the seminiferous
tubules and epididymis [139].

Some studies have shown that testicular sperm is su-
perior to ejaculated sperm for ICSI in cases of elevated
SDF, with higher pregnancy and delivery rates [140,141].
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Q60. "If you answered no, why do you not recommend testicular sperm

for men with elevated SDF?"

250

68.3%

Fig. 24. Reasons for recommending
against the use of testicular sperm for
infertile men with elevated SDF. Respon-

dents were allowed to select more than
one answer. The percentage for each an-
swer is calculated by dividing the num-
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A systematic review and meta-analysis showed sig-
nificantly lower miscarriage rates, higher LBRs, and
clinical pregnancy rates in ICSI with testicular sperm
compared to ICSI with ejaculated sperm among infer-
tile men with high SDF [138]. However, the majority of
evidence stems from observational studies with a rat-
ing of low and very low quality of evidence [142].

In addition, testicular sperm has been found to have
2-3-fold higher aneuploidy rates than ejaculated sam-
ples [143], although recent evidence is suggesting oth-
erwise [144]. Besides, more problematic adverse effects
occur with testicular sperm retrieval, with a reduction
in T production, infection, hematoma formation, and
testicular atrophy, all having been reported as poten-
tial complications [145].

More than half of the responders to our survey
would recommend testicular sperm for elevated SDF,
which is in line with the current literature trend.

The use of testicular sperm in the condition of el-
evated SDF is still a subject of debate. Most of the
responders to our survey who recommend testicular
sperm, use it after failed ART cycles as a salvage
method, which is in line with EAA Guidelines. Con-
versely, although the AUA and EAU do discuss the
use of testicular sperm for infertile men with impaired
sperm DNA integrity, no recommendations are stated
due to the lack of solid evidence.

ber of respondents who have selected it
by the total number of respondents who
have answered this question (n=341).
SDF: sperm DNA fragmentation.
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(4) Expert recommendations

In infertile non-azoospermic men with high SDF that
cannot be corrected with other treatment modalities
and who have a history of unsuccessful ICSI, the op-
tion of ICSI with testicular sperm can be considered
and discussed with the couple, who should be informed
that this approach is based on low-quality evidence.

LIMITATIONS OF THE PRESENT
STUDY

Our present survey and expert recommendations
were limited in that they solely focused on the male
partner, and female factors were not considered or
were assumed normal in most questions. This may not
be completely applicable in the clinical setting, given
that infertility is a couple’s disease. Furthermore, fac-
tors other than SDF, that can affect fertility, embryo
quality, and ART outcome were not considered specifi-
cally for questions addressing ART failure and man-
agement. For example, the effect of aneuploidy was not
discussed and may also have a role in the approach of
an infertile couple with elevated SDF, as one prospec-
tive cohort reported that SDF levels on the day of ICSI
did not have a significant impact on fertilization, em-
bryo development, implantation, and clinical pregnancy
rates when only euploid blastocysts were transferred
after preimplantation genetic testing [146]. Neverthe-
less, this manuscript provides a basis for all reproduc-
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tive clinicians and includes practices and therapeutic
approaches they can incorporate and utilize, should
they encounter elevated SDF in the male partner when
managing an infertile couple.

In addition, we were not able to accurately calculate
the response rate of the survey, due to the various
methods of dissemination including emails, direct com-
munication between experts, and professional society
websites. The complete survey was long, and many par-
ticipants did not answer all the questions and submit-
ted incomplete surveys which were included. Stratified
analysis to compare various practices was also limited
by the vast demographic variables and practice set-
tings of the participating clinicians.

CONCLUDING REMARKS

With the growing evidence on the harmful impact
of SDF on fertility, as well as the various groups of in-
fertile men and couples, who might benefit from SDF
testing [147], it is crucial to have a unified approach in
managing a couple that is found to have elevated SDF
in the male partner. The need for universal guidelines
is further stressed by the many different disciplines
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that manage couple infertility, as well as the lack of
solid recommendations by the professional reproduc-
tive societies regarding SDF management.

To the best of our knowledge, this is the largest sur-
vey that captures the various treatment approaches
used by different reproductive clinicians in a variety of
situations involving infertile men with elevated SDF.
Although our results have displayed that the general
approach is somewhat consistent, there are differences
in practice between clinicians worldwide, which is ex-
pected given the scarcity of professional society recom-
mendations.

By capturing global practices, expert recommenda-
tions were devised for specific situations associated
with elevated SDF in the male partner, supported by
the available professional society recommendations and
evidence in the literature. These proposed recommen-
dations were scrutinized and reviewed by renowned
reproductive experts using the Delphi method and are
presented in Table 6.

Generally, once infertile men are found to have el-
evated SDF, there is no need for a repeat or confirma-
tory test. Underlying causes and risk factors should be
addressed. These include VR for clinical varicocele, an-

Table 6. Management of infertile men with elevated SDF based on expert recommendations

Scenario

Expert Recommendations

General approach to infertile
men found to have elevated
SDF

ART referral for infertile men
with elevated SDF

Managing couples experiencing
RPL after spontaneous
conception with elevated SDF
in the man

Managing infertile men with
clinical varicocele, normal
semen parameters, and
elevated SDF

Ordering a second confirmation test for elevated SDF is not necessary for diagnosis.

For infertile men with elevated SDF, lifestyle modification strategies should be recommended including main-
taining a healthy lifestyle to overcome obesity, cessation of smoking and alcohol use, as well as treating geni-
tal infections, and eliminating toxic exposure.

Reduced ejaculatory abstinence of 12-24 hours before attempting conception (natural or by ART) is recom-
mended as a means to lower SDF and improve pregnancy outcomes.

Different ART methods, are not recommended as first-line treatment strategies for infertile men found to have
elevated SDF. Instead, known underlying causes should be addressed first as well as conservative manage-
ment to lower SDF.

In couples with RPL following spontaneous pregnancy, associated with elevated SDF in the male partner and
no female factor infertility, an appropriate initial approach should include addressing known risk factors of el-
evated SDF and other causes associated with male infertility. These men may also be supplemented with oral
antioxidant therapy, particularly if there is no associated underlying cause for their infertility. The decision to
refer such a couple to ART should be determined on a case-by-case scenario and after adequate management
of elevated SDF.

In infertile men with clinical varicocele and normal semen parameters, VR should be offered if SDF is elevated.
The persistence of abnormal postoperative SDF values is a poor predictor for both natural and assisted con-
ception.

VR should be offered after diagnosis to lower SDF for both natural and assisted conception. ART could be per-
formed after VR.

If there is a need or the couple wishes for ART to be performed on diagnosis, they should be counseled on the
risk of failure that may be attributed to SDF with a known associated yet untreated cause (i.e., clinical varico-
cele), and other attempts to lower SDF should be considered including antioxidants, sperm selection tech-
niques, and testicular sperm.
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Table 6. Continued

Scenario Expert Recommendations
Managing infertile men with In men with elevated SDF and subclinical varicocele, varicocele repair is not recommended. Men with subclini-
subclinical varicocele and cal varicocele and elevated SDF need to be evaluated and treated similarly to men without a varicocele.
elevated SDF

Use of antioxidants in managing  Although there remains no unanimous consensus, empiric antioxidants may be prescribed for infertile men
infertile men with elevated SDF  with elevated SDF, especially if they have risk factors and known conditions associated with elevated SDF, in-
cluding idiopathic infertility, RPL, varicocele, leukocytospermia, smoking and other lifestyle and environmen-
tal risk factors.
There is no consensus on the type, dosage, and duration of antioxidant treatment that can be recommended,
although a duration of 3-6 months has been proven successful.
The success of treatment should be guided by improved conventional semen parameters, decreased SDF levels,
and improved reproductive outcomes (either natural or ART).
The current trend of prescribing antioxidants to all infertile men (even if SDF is not tested) is concerning, be-
cause improper prescription of these components may negatively impact semen parameters and fertility
potentials of men.

Use of hormonal therapy in No clear recommendation can be made for or against the use of hormonal therapy for high SDF. We recom-
managing infertile men with mend the use of hormone therapy only by well-trained fertility experts and in combination with other thera-
elevated SDF pies (lifestyle modification, infections therapy, antioxidants).

Hormonal therapy could be effective in oligozoospermic, hypogonadotropic hypogonadal men, and those with
FSH receptor homozygous genotype (p. N680S). Such men with high SDF can be counseled to use this treat-
ment after being informed about the lack of clear recommendations and possible side effects.

Follow-up should also occur to determine whether higher pregnancy rates and most importantly whether live
birth rates are being achieved whether through natural pregnancy or ART.

Managing ART failure in a When failure to achieve clinical pregnancy, or pregnancy loss occurs after 1Ul, associated with elevated SDF in
couple with elevated SDF in the male partner, management of underlying causes of SDF as well as applying measures to lower SDF, in-
the male partner cluding antioxidant supplementation and a shorter abstinence period before IUl, should be attempted when

repeating [UI.

For couples failing to achieve fertilization or clinical pregnancy after conventional IVF, associated with elevated
SDF in the male partner, management of underlying causes of SDF as well as applying measures to lower SDF,
including antioxidant supplementation and a shorter abstinence period before IVF, may be considered, or
alternatively, the couple may be referred for ICSI.

For couples experiencing ICSI failure or miscarriage after ICSI, associated with elevated SDF in the male partner,
ICSI with sperm selection techniques or testicular sperm may be considered, in addition to conservative mea-
sures to lower SDF.

Use of sperm selection techniques Sperm selection techniques may be used for infertile men with elevated SDF if the couple is planned for ART or
for infertile men with elevated in case of initial ART failure.
SDF IMSI, MACS, P-ICSI, DGC, and microfluidic techniques have each shown advantages and drawbacks. No particu-
lar technique can be recommended over another, and none has shown a clear superiority.

Couples should be counseled that any choice and decision on how to select sperm to improve SDF and thus re-
productive success after ART, is to date based on empirical evidence. Given this fact, these techniques should
be limited to sporadic cases that have failed with classic methods, aiming at a different approach but being
conscious of the lack of scientific robustness for its use.

Use of testicular sperm for infertile In infertile non-azoospermic men with high SDF that cannot be corrected with other treatment modalities
men with elevated SDF and who have a history of unsuccessful ICSI, the option of ICSI with testicular sperm can be considered and
discussed with the couple, who should be informed that this approach is based on low-quality evidence.

ART: assisted reproductive technology, DGC: density gradient centrifugation, FSH: follicle stimulating hormone, ICSI: intracytoplasmic sperm
injection, IMI: idiopathic male infertility, IMSI: intracytoplasmic morphologically selected sperm injection, IUl: intrauterine insemination, IVF: in
vitro fertilization, MACS: magnetic activated cell sorting, P-ICSI: physiologic intracytoplasmic sperm injection, RPL: recurrent pregnancy loss, SDF:
sperm DNA fragmentation, UMI: unexplained male infertility, VR: varicocele repair.

tibiotics for genital tract infections, weight loss for obe- prescribed. Although hormonal therapies may be ben-
sity and lifestyle modification, and exposure limitation eficial, their use must be limited to certain cases and
for other risks. Reduced ejaculatory abstinence may by experienced clinicians. Finally, ART is not recom-
also lower SDF before natural and assisted concep- mended as a first-line approach for the management
tion. Empiric antioxidants for 3-6 months can also be of elevated SDF, however, if ART failure is associated
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with elevated SDF, clinicians should recommend the
aforementioned strategies to lower SDF before repeat-
ing ART. SDF may further be reduced before ART by
using advanced sperm selection methods such as IMSI
or P-ICSI, or even testicular sperm in cases of recurrent
ICSI failure, although the evidence on the benefit of
these strategies is not robust. The different treatment
strategies for elevated SDF are summarized in Fig. 25.

In conclusion, there is a compelling need for univer-
sal recommendations by professional societies related
to the management of infertile men with elevated
SDF. In order to make such recommendations, high-
quality solid evidence needs to exist, which can be ac-
complished by well-designed studies that demonstrate
the benefit of various strategies in lowering SDF and
improving reproductive outcomes after both natural
and assisted methods of conception.
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