
 
 

UNIVERSIDADE DE SÃO PAULO 

FACULDADE DE MEDICINA VETERINÁRIA E ZOOTECNIA  

 

 

 

 

 

 

KARINE GALHEGO MORELLI 

 

 

 

 

 

Use of Doppler ultrasonography for selection of recipients in 

embryo transfer programs in horses 

 

 

 

 

 

 

 

 

 

 

 

São Paulo  

2023 



 
 

KARINE GALHEGO MORELLI  

 

 

 

 

Use of Doppler ultrasonography for selection of recipients in embryo transfer 

programs in horses 

 

 

VERSÃO CORRIGIDA  

 

 

Dissertation submitted to the Postgraduate 
Program in Animal Reproduction of the 
School of Veterinary Medicine and Animal 
Science of the University of São Paulo to 
obtain the Master’s degree in Sciences. 

 

  

Department: 

Animal Reproduction 

 

Area: 

Animal Reproduction 

 

Advisor: 

Prof. Guilherme Pugliesi, Ph.D. 

 

 

 

 

 

São Paulo 

2023 

 



 
 

 

 

 

 

Total or partial reproduction of this work is permitted for academic purposes with the proper attribution of authorship and 
ownership of the rights. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 

DADOS INTERNACIONAIS DE CATALOGAÇÃO NA PUBLICAÇÃO 
 
 

(Biblioteca Virginie Buff D’Ápice da Faculdade de Medicina Veterinária e Zootecnia da Universidade de São Paulo) 

 

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

 
 

 

                                                   Ficha catalográfica elaborada pela bibliotecária Camila Molgara Gamba, CRB 7070-8, da FMVZ/USP. 

 

 
 
 
 
 
 
 
 
 
 
 
 

T. 4301 Morelli, Karine Galhego 
FMVZ      Use of Doppler ultrasonography for selection of recipients in embryo transfer programs in 

horses / Karine Galhego Morelli. – 2023. 
    53 f. : il. 
                                    
                                   Título traduzido: Uso da ultrassonografia Doppler na seleção de receptoras em 

programas de transferência de embriões em equinos. 
 
                                 Dissertação (Mestrado) – Universidade de São Paulo. Faculdade de Medicina 

Veterinária e Zootecnia. Departamento de Reprodução Animal, São Paulo, 2023. 
 

   Programa de Pós-Graduação: Reprodução Animal. 

    Área de concentração: Reprodução Animal. 

   Orientador: Prof. Dr. Guilherme Pugliesi. 
     

                                      1. Corpo lúteo. 2. Perfusão sanguínea. 3. Doppler colorido. 4. Éguas receptoras. I. Título.
                      



 
 

 

 

 

 

 



 
 

EVALUATION FORM 

 

 

Author: MORELLI, Karine Galhego  

Title: Use of Doppler ultrasonography for selection of recipients in embryo 

transfer programs in horses. 

 

 

Dissertation submitted to the Postgraduate 
Program in Animal Reproduction of the 
School of Veterinary Medicine and Animal 
Science of the University of São Paulo to 
obtain the Master’s degree in Sciences. 

 

 

Date: 17/03/2023 

 

 

Committee Members 

 

Prof. Dr. Guilherme Pugliesi  

Institution: Universidade de São Paulo – USP/FMVZ 

Decision: _______________________________________________________ 

 

Prof. Dr. Jair Camargo Ferreira 

Institution: Universidade de Franca - Unifran 

Decision: _______________________________________________________ 

 

Prof. Dr. Júlio Cesar Ferraz Jacob 

Institution: Universidade Federal Rural do Rio de Janeiro 

Decision: _______________________________________________________ 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I dedicate this dissertation to my dear grandmother Joana (in memoriam), my heart 

out of my chest, to her I owe my essence, my love and all the meaning and reason of 

my life, to my father Leonardo (in memoriam), my biggest supporter in veterinary 

medicine and in the horse world, and to the great loves of my life, my mother 

Creuza, my sister Vanessa and my heart brother José Antonio (Zem), for dreaming 

my dreams, for not measuring efforts for me, for loving me unconditionally and for 

always being by my side supporting me. To you, all my love and gratitude. 



 
 

ACKNOWLEDGEMENTS 

 

I thank God for guiding, protecting and blessing me. He owes the wonderful 

family I have and the amazing and special people who have passed through my life. 

Thank you so much Lord for allowing the girl who always loved horses and dreamed 

of being a veterinary doctor to fulfill her dream. 

To Nossa Senhora Aparecida for blessing and supporting me all the days of my 

life. 

My beloved grandmother Joana Morelli (in memoriam), who left to meet God in 

the middle of my master's degree to become my protective angel from heaven.  I don’t 

have words to express my gratitude for everything you've done and continue to do for 

me every day. Thank you for showing me the most unconditional and genuine love. 

Due to all your effort, determination, commitment, and dedication, I became a 

veterinarian and I am completing my master’s degree. It's thanks to the countless 

hours you worked hard under the sun and rain to pay for my college and not let me 

lack anything. Thank you, Dona Joana, for being my everything. I love you beyond life 

and far beyond love! 

To my father Leonardo Morelli (in memoriam) for awakening in me a love and 

respect for animals, especially horses. For the teachings and for encouraging me 

every day to follow this beautiful profession. I love you dad! 

To my mother Creuza Morelli, for her commitment to my education. Thank you, 

mom, for being healing, strength, kindness and love to our family, you are my greatest 

example in life. I thank my sister Vanessa Nascimento (Vanessona) and my dear 



 
 

brother José Antônio Nascimento (Zem) for sharing the arduous mission of taking 

care of this family together with Mom. I love you so much and I couldn't have a better 

family to call my own. Thank you for dreaming my dreams, this achievement belongs 

to the three of you. I love you guys unconditionally and we will always be together! 

To my grandparents, Santo Morelli (in memoriam) and Antônio Galhego, my 

grandmother Alzira Galhego and my uncle Marco Galhego for participating in my 

education. I love you. 

To Bianca Rojo (Bibi), for being my best friend and sister, for sharing the same 

profession and love for animals with me. It's 27 years of friendship, partnership, trust 

and respect. You are very important to me and you make my life happier. I love you 

so much Bibi, you are my light. 

To Dra. Angelica Gimenes (Mamis), my friend, adoptive mother, my partner and 

confidant, my great mentor in life and especially within equine reproduction and clinic. 

Thank you for helping me pursue my career with great ethics and professionalism, 

for encouraging me to do a master's degree and continue in research, you are one of 

my great inspirations, I have a lot of respect, affection and admiration for you. I love 

you Mamis. 

To the friends that veterinary medicine gave me and who, even after the 

different circumstances of adult and professional life, were always present in their 

own way and never stopped supporting, reassuring, encouraging and believing in my 

potential. Deivisson Aguiar, Nayla Damus, Thaís Tieme, Kaliny Miranda, Rachel 

Tavares, Talita Fontes, Andressa Damaceno, Aline Ferreira, Nathalia Rosse, Maristela 

Clavery, Gabriella Morais, Iara Magalhães and Vitória Pereira. I love you. 



 
 

To my interns, for reminding me daily why I chose graduate school, research, 

and teaching, for all the affection, respect, and admiration they always had for me. 

Vanessa Cominato, Taiara Soares, Claudio Barrocas, Mayan Malatesta, Valquiria 

Oliveira, Ana Flávia Novaes, Gustavo Toledo, Erica Mafort. 

 To Andreoli Correia, my friend, and brother, for sharing the same home with 

me, for making my life happier in Pirassununga-SP, for the conversations, friendship, 

and partnership, for caring and worrying about me on a daily basis, for sharing with 

me the aspirations of post-grading and animal reproduction. You are my favorite 

chaos. I love you so much, baby. 

To my advisor, Prof. Doctor Guilherme Pugliesi, from whom I constantly learn, 

for having accepted the challenge of guiding a project with a new species and for 

trusting me to carry it out, for all the opportunities, for his patience, for his teachings, 

for his dedication and commitment to the entire team LFEM and with science. You sir 

are a great inspiration to me. 

My special thanks to all the wonderful team at LFEM, which I had the honor of 

being a part of and making great friends that I will take with me for life. 

My dear friends and partners in LFEM and in life, Isabella Feltrin, Amanda 

Guimarães, and Ana Clara Degan. Life gets much lighter with you and laughter is right. 

For all the partnership, friendship, patience, hugs, lap, and for all support during these 

last years. For all the shared lunches and dinners, for the endless conversations and 

genuine advice. I am very grateful to God for putting you in my life. I love you girls so 

much. 



 
 

To friends and partners of LFEM, Danilo Bisinotto, Thiago Nishimura, Igor Motta, 

Diego Poit, Adomar Neto, Samuel Volpe, for all the friendship, help, support and for 

all the laughs that you guaranteed during this time. You are special. 

To LFEM colleagues and other partner laboratories, Priscila Ferraz, 

Alessandra Carrer, Alessandra Bridi, Namibia Teixeira, Ana Laura Gôngora, Paulo 

Bonacim (CBT), Leonardo Locoselli, Larissa Montezano, Leonardo Marin and all the 

interns, technical training students and professionalizing practice that passed 

through the laboratory during this period. 

To Dr. Flavio Dutra de Rezende and Dra. Anita Schmidek for opening the doors 

of the APTA Regional de Colina-SP so that I could run the pilot experiment and all 

APTA employees. Special thanks to Fabinho, Edinho and João Paulo for their help with 

the animals and for their partnership. 

To the Mounted Police Regiment - 9 de Julho, which in partnership with APTA-

Colina made it possible to carry out the pilot experiment and for the trust placed in 

me to produce the animals that in the near future will be watching over our safety 

during mounted policing. To the veterinarians, Captain Daniel, Captain Alexandre, 

Lieutenant Mariana, Lieutenant Tatiana, and Lieutenant Silke, for the exchange of 

knowledge in the clinic, for the assistance in reproduction, and mainly for all the 

partnership and trust, and to the military police Sub-Lieutenant Marcos Antonio 

Gomes, Luciano Silva, Vinicius Mathias, João Pedro dos Santos and Weverton Botelho, 

for their help with the animals and for their partnership. 

Thaís Sayuri (Japa), my friend, sister, and partner in life and profession, for the 

friendship that comes from graduation, for referring me to Prof. Guilherme, for your 



 
 

help during the pilot experiment at APTA, you were essential in this trajectory. For 

the support, encouragement, affection, advice, lap and for everything you did and do 

for me. I love you a lot. 

To my dear intern, friend and life partner Igor Rodrigues for being my right arm 

during the pilot experiment at APTA. For friendship, admiration, affection, 

encouragement and respect. I love you. 

My most sincere thanks to Dr. Gilberto Lourenço (Guará), for having embraced 

our project and opened the doors of reproduction at Haras Laglória so that we could 

carry it out. For all the teachings that certainly go beyond equine reproduction, for all 

the conversations, advice and help. You are an inspiration as a person and 

professional to anyone who has the privilege of knowing you. 

To Vinícius Marangon, Haras Laglória resident and dear friend for his essential 

help during the experiment, for being my private driver when I injured my ankle, for 

conversations, laughter and partnership. You are the man. 

To Mr. Lael Vieira Varella Filho and her whole family for opening the doors of 

Fazenda Salgada and Haras Laglória to carry out my master's experiment and to all 

the employees at Haras Laglória, each one of you, directly or indirectly, made this all 

possible. 

To the trainees who passed through Haras Laglória during the period of the 

experiment. You contributed immensely to the realization of this project. Flávia (Toco), 

Maria Fernanda (Goat), Raquel (Pigmeu/Pig), Igor Miranda, Arlen (Rabbit) and Cláudio. 



 
 

To the members of the qualification panel Prof. doctor Rubens Paes de Arruda 

and Dr. Daniel Rates for suggestions and contributions to the experimental design. 

To Prof. Doctor Jair Camargo Ferreira, for his contribution to the qualifying 

panel and for returning to the master's defense panel, once again making his time 

available to read our work. 

To Prof. Doctor Júlio Jacob for helping in the search for farms to carry out the 

experiment and for accepting the invitation to participate in the master's defense 

committee. 

To Márcio, João and José Maria for their help in handling the CBRA-FMVZ 

animals. 

To the VRA professors (FMVZ/USP), for making the graduate program in animal 

reproduction one of the best in the country. 

To Harumi and Clayton for their willingness to clarify all the countless and 

endless doubts, making all the bureaucracy much easier and simpler in graduate 

school. 

To the University of São Paulo and the Department of Animal Reproduction 

(VRA) for the incredible infrastructure and professionals, which allowed me to 

complete my master's degree. 

To horses, who are largely responsible for my love for veterinary medicine and 

animal reproduction. For brightening my days, for genuine love, for respect and for 

overflowing compassion. Especially to everyone who contributed to the experiment. 



 
 

Finally, I would like to thank the Veterinary Medicine Foundation (FUMVET) for 

the financial support and the Coordination for the Improvement of Higher Education 

Personnel (CAPES) - Financial Code 88887.648226/2021-00, for the master's 

scholarship granted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“There are many assumptions in science that are wrong. That's perfectly acceptable, 

they're the opening to find the ones that are right." 

- Carl Sagan 



 
 

RESUMO 

 

MORELLI, K. G. Uso da ultrassonografia Doppler na seleção de receptoras em 
programas de transferência de embriões em equinos. 2023. 53p. Dissertação 
(Mestrado em Ciências) – Faculdade de Medicina Veterinária e Zootecnia, 
Universidade de São Paulo, Pirassununga, 2023. 

Objetivamos avaliar o impacto das características do corpo lúteo (CL) e do útero 

acessadas pela ultrassonografia em modo-B e Doppler-colorido em éguas receptoras 

no momento da transferência de embriões (TE) sobre os resultados da prenhez em 

um programa de TE. Éguas receptoras (n= 110), entre dias 3 a 9 após a ovulação 

espontânea, receberam um embrião fresco. Imediatamente antes da TE, o sistema 

reprodutor foi avaliado por palpação transretal quanto aos parâmetros a seguir: tônus 

uterino (0-3), ecogenicidade do CL (0-6), tipo de CL (homogêneo, trabeculado ou 

centro anecoico), área lútea (cm2), ecogenicidade uterina (0-3), edema uterino (0-3), 

ecotextura uterina (0-3), perfusão sanguínea luteal (0-100%) e perfusão sanguínea 

uterina (1-4). Adicionalmente, uma amostra de sangue foi coletada por punção da veia 

jugular para dosagem plasmática de P4. Restrospectivamente, as receptoras foram 

classificadas de acordo com a área luteal (pequeno [≤ 6 cm2] ou grande [> 6 cm2]), 

perfusão sanguínea luteal (baixa [≤ 55%] ou alta [> 55%]) e concentração plasmática 

de P4 (baixa ≤ 9,98 ng/mL ou alto > 9,98 ng/mL). O diagnóstico de gestação foi 

realizado aos 15 e 30 dias de gestação. A perfusão sanguínea luteal foi 

significativamente maior (P= 0,03) em receptoras gestantes (n= 83) do que em 

receptoras não-gestantes (n= 27). A P/TE foi estatisticamente superior (P≤ 0,02) em 

éguas com perfusão sanguínea luteal e concentração plasmática de P4 altas. A 

perfusão sanguínea luteal foi o preditor significativo (P= 0,01) mais adequado da 

prenhez em comparação com a área luteal e concentração plasmática de P4. 

Adicionalmente, somente a perfusão sanguínea luteal apresentou efeito linear (P= 

0,03) e cúbico (P= 0,004) sobre a P/TE. Em conclusão, a perfusão sanguínea do CL 

determinada pelo Doppler-colorido pode ser utilizada em tempo real para selecionar 

as receptoras com maiores chances de manter a prenhez em programas de TE em 

equinos. 

 
Palavras-chave: Corpo lúteo. Perfusão sanguínea. Doppler colorido. Éguas 
receptoras. 
 



 
 

ABSTRACT 

 

MORELLI, K. G. Use of Doppler ultrasonography for selection of recipients in 
embryo transfer programs in horses. 2023. 53p. Dissertação (Mestrado em 
Ciências) – Faculdade de Medicina Veterinária e Zootecnia, Universidade de São 
Paulo, Pirassununga, 2023. 
 

We aimed to evaluate the impact of corpus luteum (CL) and uterine characteristics 

accessed by B-mode and color Doppler ultrasonography in recipient mares at the time 

of embryo transfer (ET) on pregnancy outcomes. Recipient mares (n=110), between 

days 3 to 9 after spontaneous ovulation, received a fresh embryo. Immediately before 

ET, the reproductive system was assessed by transrectal palpation for the following 

parameters: uterine tone (0-3), CL echogenicity (0-6), CL type (homogeneous, 

trabecular or anechoic center), luteal area (cm2), uterine echogenicity (0-3), uterine 

edema (0-3), uterine echotexture (0-3), luteal blood perfusion (0-100%) and uterine 

blood perfusion (1-4). Additionally, a blood sample was collected by puncture of the 

jugular vein for plasma P4 dosage. Retrospectively, recipients were classified 

according to the luteal area (small [≤ 6 cm2] or large [> 6 cm2]), luteal blood perfusion 

(low [≤ 55%] or high [> 55%]), and plasma concentration of P4 (low ≤ 9.98 ng/mL or 

high > 9.98 ng/mL). Pregnancy diagnosis was performed at 15 and 30 days of 

gestation. Luteal blood perfusion was significantly higher (P= 0.03) in pregnant 

recipients (n= 83) than in non-pregnant recipients (n= 27). Overall P/ET was higher 

(P≤ 0.02) in mares with high luteal blood perfusion and high P4. Luteal blood perfusion 

was the most adequate significant (P= 0.01) predictor of pregnancy compared with the 

luteal area and plasma P4 concentration. Only luteal blood perfusion showed a linear 

(P= 0.03) and cubic (P= 0.004) effect on P/ET. In conclusion, CL blood perfusion 

determined by color-Doppler can be used in real-time to select recipients with the 

greatest chance of maintaining pregnancy in equine ET programs. 

 

Keywords: Corpus luteum. Blood perfusion. Color Doppler. Recipient mares. 
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1 INTRODUCTION 

The embryo transfer (ET) is a reproductive biotechnique widely used in the 

equine industry to increase the number of foals generated from superior mares 

during one breeding season and to overcome several issues related to subfertility 

(ARRUDA et al., 2001). The recipients play a fundamental role in pregnancy 

success after ET (SQUIRES et al., 1999; ARRUDA et al., 2001; PANZANI et al., 

2016). Selection of recipients at the time of ET is a major challenge and the most 

critical point before ET (SQUIRES et al., 1999; VANDERWALL & WOODS, 2007; 

MCKINNON & SQUIRES, 2007). Therefore, to enhance the chance for selection 

of a female with a high potential for pregnancy maintenance it is recommended 

to have at least three recipients available for each embryo’s donor (ARRUDA et 

al., 2001; MCKINNON & SQUIRES, 2007). 

Several characteristics are evaluated in recipients during the selection 

process. Around the period of the donor’s ovulation, the recipients in estrus are 

assessed every 24 or 48 h for determination of ovarian follicular growth, ovulation, 

and characteristics of the uterus (VANDERWALL & WOODS, 2007). On the day 

of the ET, the recipients with ovulations detected one day before to five days after 

the moment of the donor’s ovulation are evaluated and selected based on 

physical examination of the female reproductive tract through transrectal 

palpation and B-mode ultrasonography. The main characteristics observed in a 

suitable recipient are the presence of a corpus luteum (CL); firm and closed 

cervix; a uterus with high tone, homogeneous morpho-echogenicity, absence of 

fluid or abnormality; and absence of any vaginal or vulvar abnormality 

(CARNEVALE et al., 2000; ARRUDA et al., 2001).  

Most of the uterine and cervical characteristics evaluated are related to the 

progesterone (P4) effects. Thus, the presence of an active CL, which has the 

main function to produce P4 is crucial to prepare the endometrium to receive the 

embryo and to maintain pregnancy (GINTHER et al., 2007; FERREIRA et al., 

2018; WYNN et al., 2018). Determining the circulating P4 concentrations would 

be an efficient tool to estimate the CL activity (BOLLWEIN et al., 2002); however, 

its high cost and difficulty in obtaining results in real-time make its use limited 

(SALES et al., 2021). Also, the CL activity cannot be accurately assessed by 
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transrectal palpation or B-mode ultrasound (KAHN, 1994; GINTHER, 1995), as 

morpho-echogenic characteristics are not associated with luteal functional status 

in horses (ARRUDA et al., 2001). In this regard, the selection of bovine recipients 

based only on CL size on the day of ET can result in the transfer of embryos to a 

non-receptive uterus with the presence of a poorly active or even non-functional 

CL (PUGLIESI et al., 2019). 

Color-Doppler ultrasonography emerged as an alternative to assess the 

functional status of the CL in cattle (ACOSTA et al., 2005; SIDDIQUI et al., 2009; 

HERZOG et al., 2010; PUGLIESI et al., 2016), horses (GINTHER et al., 2014) 

and small ruminants (BALARO et al., 2017). Ferreira & Meira (2011) suggested 

that evaluation of CL and uterus by Doppler ultrasonography could be an auxiliary 

tool for the selection of recipient mares with a better P4 profile and uterine 

environment for maintaining the pregnancy. Thus, studies were carried out to 

evaluate CL and uterine blood perfusion before ET in recipient mares (BROGAN 

et al., 2016; FERREIRA et al., 2020; AZEVEDO et al., 2021; SALES et al., 2021), 

but the results were controversial and the restricted number of animals used 

(n=15 to 48) has limited powerful conclusions. In addition, all studies used colored 

pixel counts or colored areas to estimate blood perfusion, which is a time-

consuming procedure.  

Therefore, more powerful studies using practical methods to assess CL 

activity by Doppler imaging are needed in horses to understand the impact of 

luteal blood perfusion on uterine receptivity in ET programs. The present study 

aimed to characterize the impact of CL and uterine characteristics accessed by 

B-mode and color-Doppler ultrasonography in recipient mares at the time of ET 

on pregnancy outcomes in a large commercial ET program. We hypothesized 

that in recipient mares: 1) the CL blood perfusion has a greater impact than CL 

size on pregnancy rates after ET; and 2) a greater CL activity indicated by CL 

blood perfusion is positively associated with pregnancy rates. 
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2 MATERIALS AND METHODS 

 

2.1 LOCATION AND MANAGEMENT  

The experiment was conducted from November/2021 to May/2022 on a 

commercial farm located in Itaperuna-RJ, Brazil (Latitude 21°12′17″ S, Longitude: 

41°53′16″ W, altitude of 123 m sea level). A total of 110 embryo-recipient mares 

of the Mangalarga Marchador breed were included in the experiment. The mares 

were kept under extensive rotational management in Tifton 85 paddocks, with 

free access to mineral salt and water. The study was approved by the Committee 

on Ethics in the Use of Animals of the School of Veterinary Medicine and Animal 

Science of the University of São Paulo (CEUA/FMVZ) at the meeting on 

12/09/2020 under protocol CEUA nº 3575161020. 

 

2.2 ANIMALS 

Mangalarga Marchador mares between 3 and 26 years old (9.2 ± 0.88 

years) and with a mean body condition score of 7 (scale of 1 to 9, HENNEKE et 

al., 1983) were used as embryo donors. The recipient mares used were also from 

the Mangalarga Marchador breed and aged between 3 and 16 years old (9.3 ± 

0.28 years), weighted between 370 and 460 Kg (410.5 ± 4.29 Kg) and with a 

mean body condition score of 5 (scale of 1 to 9, HENNEKE et al., 1983) 

throughout the experiment. 

Only recipient mares with the absence of significant clinical or reproductive 

issues were considered in the study. Mares presenting more than one functional 

CL, low cervical tone, intrauterine fluid, and/or uterine alterations that could 

compromise fertility on the day of ET were excluded. Finally, mares that received 

more than 3 embryos and did not become pregnant were not enrolled in the study. 
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2.3 EXPERIMENTAL DESIGN AND HANDLING OF RECIPIENT MARES 

 On the day of ET, the reproductive tract of all recipients within 3 to 9 days 

after ovulation was assessed through transrectal palpation and B-mode 

ultrasound by a single veterinarian. An average of 2 to 3 recipients were available 

for each donor. Recipients considered to have no apparently abnormal condition 

(low cervical or uterine tone, presence of edema or uterine fluid, cervical 

laceration, abnormal vulvar conformation, and free of any infectious diseases) 

were submitted to a new blind assessment by a second evaluator. In this exam, 

recipients were evaluated by transrectal palpation and B and color-Doppler 

ultrasonography, and a blood sample was collected for P4 assay. Within a 

maximum of 1 hour after the last assessment and according to the viability of 

fresh embryos collected on that day, a grade I or II embryo (n= 110) was 

transferred by a single operator (MCKINNON & SQUIRES, 1988). Therefore, the 

palpation and ultrasonography characteristics determined by B and Color modes 

determined by the second evaluator were used retrospectively to analyze the 

impact of these factors on pregnancy success but not for selecting the 110 

recipients that received the ET. 

 

2.4 TRANSRECTAL PALPATION AND B-MODE ULTRASONOGRAPHY 

For the evaluations performed by transrectal palpation, the cervical tone 

was assessed using score grades ranging from 1 to 3 (open to closed) and 

uterine tone ranging from grade 0 to 3 (minimum to maximum) in one-half 

increments (CUERVO-ARANGO & NEWCOMBE, 2008).  

For B-mode ultrasonography, recipients were evaluated after the 

transrectal palpation using a Duplex ultrasound equipment (MyLab™ DeltaVET 

device; Esaote Healthcare, Italy) coupled to a multifrequency linear transducer. 

The ultrasound was maintained in the same pre-setting throughout the 

experiment (gain 100%, RES-A, frequency 6.3 MHz, Depth 67 mm X/M, C1, 

PRS1). By B-mode ultrasonography, the following uterine characteristics were 

evaluated: 1) uterine echogenicity (scored from 0 to 3; minimum to maximum 

echogenicity); 2) uterine echotexture (scored from 0 to 3; homogeneous to 
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heterogeneous); 3) uterine edema (scored from 0 to 3; minimum to maximum) in 

medium increments for all evaluations. In addition, the CL was classified 

regarding the presence of cavity (homogeneous, trabeculated, or anechoic 

center), its echogenicity (scale from 0 to 6; minimum to maximum echogenicity), 

and luteal area (cm2). The size of the luteal tissue was determined by subtraction 

of the total area of the CL and the area of trabeculae or the anechoic center, as 

adapted from Pierson & Ginther (1985) and Fleury et al. (2006). 

Pregnancy diagnosis was performed by B-mode transrectal 

ultrasonography based on the visualization of an embryonic vesicle at 12 days of 

gestation and confirmation was performed through visualization of the embryo's 

heartbeat at 30 days. 

 

2.5 COLOR-DOPPLER MODE ULTRASONOGRAPHY  

The recipient mares were submitted to evaluations in color-Doppler mode 

performed by a single trained operator. The same ultrasound device was used 

with the following setting for color Doppler mode (gain 70%, PRF 740 Hz, 

frequency 6.3 MHz, PRC M/2, PRS 3), allowing the detection of blood flow from 

5.4 cm/s. 

Firstly, vascular characteristics in the endometrium and myometrium were 

assessed by detecting the color signals of blood flow, using the transrectal 

transducer over the medial portion of each uterine horn for 60 seconds of 

scanning cross-sectional images of each horn. Blood perfusion was estimated by 

real-time subjective scoring of the extent of colored areas within the endometrium 

and myometrium, as previously described in horses by Ginther & Utt (2004). 

Blood perfusion scores indicated null (1), minimum (2), intermediate (3), and 

maximum (4) perfusion. 

For luteal blood perfusion determination, the CL was evaluated through 

real-time and subjective analysis, according to the proportion (0 to 100%) of luteal 

tissue area with color signals indicating blood perfusion during a 60-second 

continuous examination as described by Ginther & Utt (2004). This approach 



27 

 

accounts for the whole scanning of the tissue, as the score is given based on a 

mental 3D reconstruction of the luteal tissue, and allows a real-time diagnosis 

and rapid decision-making.   

 

2.6 BREEDING MANAGEMENT OF EMBRYO DONOR MARES 

All donor mares received an intramuscular injection of 1 mg of deslorelin 

acetate to induce ovulation in the presence of a dominant follicle with a diameter 

≥ 33 mm associated with uterine edema (CUERVO-ARANGO & NEWCOMBE, 

2008). Ultrasound examination of the reproductive tract of donors was performed 

daily from the dominant follicle until the detection of ovulation (day 0). The mares 

were inseminated using fresh, chilled, or frozen semen according to the semen 

of each mating. For fresh and chilled semen, artificial insemination was performed 

24 hours after the ovulation induction. For frozen semen, artificial insemination 

was performed within a maximum of 6 hours after ovulation detection. 

The donors were submitted to the uterine flushing procedure for embryo 

collection, using the non-surgical method adapted from Squires et al. (1985). 

Harvests were performed between the 7th and 10th day after ovulation of the 

donor mare. 

 

2.7 EMBRYO RECOVERY, EVALUATION, AND TRANSFER PROCEDURES 

A total of 161 uterine flushing procedures were performed, where 127 

embryos were recovered. After collection, embryos were evaluated in a stereo 

microscope with a magnification between 30 and 80X for classification according 

to morphology and quality (MCKINNON & SQUIRES, 1988). Only embryos 

classified as grade I (excellent; spherical, with uniform cell size, color, and 

texture) or grade II (good, with minor imperfections such as few extruded 

blastomeres, irregular shape, or trophoblast separation) were transferred to 

recipients. Therefore, a total of 110 embryos were transferred to recipients in 

normal conditions and were considered in this study. 
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2.8 BLOOD COLLECTION FOR PLASMA PROGESTERONE 

MEASUREMENT 

Immediately before ET, blood samples were collected from the recipients 

through jugular vein puncture in 10 mL vacuum tubes containing sodium heparin. 

After collection, samples were centrifuged (1500 x g for 20 min; GINTHER et al., 

2007) and stored at -20 ºC for subsequent P4 measurement. Plasma P4 

concentration (ng/mL) was quantified at the Laboratory of Hormonal Dosages of 

the School of Veterinary Medicine and Animal Science of the University of São 

Paulo, using a radioimmunoassay kit MP Biomedicals (RIA, REF: 0717010-CF, 

P4, MP Biomedicals, LLC, EUA) following the manufacturer's protocol. The intra-

assay CV for low and high controls and mean sensitivity were 4.2%, 1.9%, and 

0.07 ng/mL, respectively. 

 

2.9 STATISTICAL ANALYSES 

Firstly, the CL, uterine characteristics, and P4 concentrations determined 

on the day of ET were compared between pregnant and non-pregnant recipients, 

between low and high blood perfusion groups, and between small and large CL 

size groups by ANOVA using PROC MIXED from SAS (version 9.2) and 

considering the fixed effects of gestational status (pregnant or non-pregnant), 

blood perfusion class or CL size class.  

The binomial variable pregnancy rate was evaluated in two approaches 

using multivariate models by PROC GLIMMIX of SAS, considering the effects of 

all characteristics of CL, uterus, P4 concentration, and day of ovulation of the 

recipient. Thus, the CL, uterus, and P4 assessments were analyzed as 

categorical variables (small or large; high or low perfusion and high or low P4 

concentration) in a multivariate statistical model, for this, a ROC curve was 

generated by the GraphPad Prism software 8 and was used to determine the 

class cutoff and area under the curve (AUC). Thus, recipient mares were 

retrospectively divided into subgroups according to CL area [small (≤ 6 cm2) or 

large (> 6 cm2)], CL blood perfusion (low [≤ 55%] or high [> 55%]), endometrial 

blood perfusion (low [≤ 2] or high [≥ 3]), myometrial blood perfusion (low [≤ 2] or 
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high [≥ 3]) and plasma P4 concentration [low (≤ 9.98 ng/mL) or high (> 9.98 

ng/mL)]. Also, the recipient's day of ovulation on the ET (3 to 9 days after 

ovulation) was considered in the model as a categorical variable. Thus, in the first 

model, the factors included were the type of semen (fresh, refrigerated, and 

frozen), day of release of the donor embryo (days 7 to 9), embryo quality grade 

(I or II), development stage embryonic (morula compact, morula, early blastocyst, 

blastocyst, and expanded blastocyst), day of ET (days 3 to 9), CL type 

(homogeneous, trabeculated or anechoic center), luteal area (small or large), 

myometrial and endometrial blood perfusion (low or high), cervical tone, uterine 

tone, uterine edema, uterine echogenicity, uterine echotexture, echogenicity of 

CL and plasma P4 concentration (high or low). Multivariate models were 

constructed and the stepwise backward elimination method was applied, 

considering the Wald criterion (factors with P> 0.2 are excluded from the model). 

Therefore, the final pregnancy rate (P/ET) models only included the effects of 

plasma P4 concentration class (high or low), CL blood perfusion class (high or 

low), CL size class (small or large), and the class of endometrial perfusion (high 

or low). In a secondary analysis, CL area and blood perfusion, and plasma P4 

concentration were considered as continuous variables in individual statistical 

models using logistic regression by PROC LOGISTIC of SAS. According to the 

significant effects the procedure was used to determine whether the effect is 

linear, quadratic, or cubic. Significant and more complex models were selected. 

Finally, we performed Pearson's correlation test to determine the 

correlations between luteal area, luteal perfusion, and P4 concentration and 

Fisher's exact test to assess whether pregnancy rate is dependent or 

independent of luteal blood perfusion and plasma P4 concentration. 

Results were presented as means ± SEM. Probabilities of P< 0.05 indicate 

significant difference whereas probabilities of 0.05 > P < 0.1 have a tendency 

toward significance. 
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3 RESULTS 

 

3.1 OVARIAN AND UTERINE CHARACTERISTICS AND PLASMA P4 

CONCENTRATIONS 

Overall, the average CL area was 6.13 ± 0.16 cm2, the average CL blood 

perfusion was 55 ± 0.5%, and the average plasma P4 was 9.52 ± 0.36 ng/mL. In 

pregnant animals, the average area was 6.12 ± 0.19 cm2, the average blood 

perfusion was 57 ± 1.4% and the average plasma P4 concentration was 9.85 ± 

0.43 ng/mL and in non-pregnant animals it was 6.18 ± 0.31 cm2, 51 ± 1.7% and 

8.50 ± 0.54 ng/mL respectively. 

There was no significant difference (P> 0.1) between pregnant and non-

pregnant recipient mares for plasma progesterone, transrectal palpation, and B-

mode parameters (Table 1). However, a greater (P= 0.04) luteal blood perfusion 

was detected in pregnant recipients when compared to non-pregnant recipients 

(56.9 ± 1.40% and 50.9 ± 1.80%, respectively). There was also a trend towards 

higher P4 (P= 0.07) in pregnant recipients than in non-pregnant recipients. 

Recipients were also classified based on the luteal blood perfusion category 

(high or low; Table 2) and on the luteal size category (small or large; Table 3). No 

significant difference (P>0.1) was detected between classes of CL size or blood 

perfusion for uterine (endometrial and myometrial blood perfusion) and plasma 

P4 concentration. For luteal characteristics, the only significant difference was 

the expected greater luteal blood perfusion in the high perfusion category (Table 

2) and the greater CL size in the large CL category compared to the small CL-

class (Table 3). 
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Table 1. Mean ± SEM of tone, echogenicity, edema, and echotexture of the 

uterus, endometrial and myometrium blood perfusion, area, blood perfusion and 

echogenicity of the CL, and plasma P4 of pregnant and non-pregnant equine 

recipients evaluated by B and Color-Doppler ultrasonography at the time of ET. 

 

Table 2. Mean ± SEM of luteal area, luteal blood perfusion, endometrial blood 

perfusion, myometrial blood perfusion and plasma P4 on the day of ET in equine 

recipients categorized into two subgroups according to luteal blood perfusion (low 

[≤55%] or high [>55%]). 

 

 

 

 

End-points Pregnancy status 

Pregnant 
(n= 83) 

Non-pregnant 
(n= 27) 

P-value 

Uterine characteristics    

Tone 1.99 ± 0.01 2.00 ± 0.00 0.67 

Echogenicity (0 – 3) 1.72 ± 0.04 1.74 ± 0.07 0.69 

Edema (0 – 3) 0.34 ± 0.03 0.35 ± 0.05 0.52 

Echotexture (0 – 3) 0.45 ± 0.03 0.41 ± 0.05  0.25 

Endometrial blood perfusion (1 – 4) 1.88 ± 0.08 1.72 ± 0.13    0.43 

Myometrium blood perfusion (1 – 4) 1.86 ± 0.07 1.76 ± 0.10 0.65 

Corpus luteum characteristics    

Luteal echogenicity (0 – 6) 3.99 ± 0.09 3.92 ± 0.15 0.76 

Luteal area (cm2) 6.12 ± 0.19 6.18 ± 0.31 0.79 

Luteal blood perfusion (%) 56.9 ± 1.40 50.9 ± 1.80 0.04 

Plasma P4 (ng/mL) 9.85 ± 0.43 8.49 ± 0.54  0.07 

End-points Luteal blood perfusion category 

Low High P-value 

Endometrial blood perfusion (1 – 4) 1.87 ± 0.09 1.81 ± 0.10 0.54 

Myometrial blood perfusion (1 – 4) 1.84 ± 0.08 1.83 ± 0.09 0.96 

Luteal area (cm2) 6.29 ± 0.21 5.93 ± 0.24 0.26 

Luteal blood perfusion (%) 47.0 ± 0.80 66.8 ± 1.10 <0.0001 

Plasma P4 (ng/mL) 9.59 ± 0.45 9.42 ± 0.59 0.82 
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Table 3. Mean ± SEM of luteal area, luteal blood perfusion, endometrial blood 

perfusion, myometrial blood perfusion and plasma P4 on the day of ET in equine 

recipients categorized into two subgroups according to luteal area (small [≤6 cm2] 

or large [>6 cm2]). 

 

The correlation between the CL end-points and plasma P4 concentration 

on the day of ET is shown (Table 4). No significant correlations were detected 

between luteal blood perfusion and plasma P4 or luteal area, but a weak positive 

correction between luteal area and plasma P4 concentration was observed. 

Table 4. Pearson correlation coefficients (r) were evaluated in relation to luteal 

area, luteal blood perfusion as well as plasma P4 concentration in embryo 

recipient mares at the time of ET. 

 

3.2 EFFECTS ON PREGNANCY RATES (P/ET) 

A total of 83 out of the 110 ETs (75.5%) resulted in diagnosed pregnancies 

on day 30 after ET. No pregnancy losses were detected between the early (12 

days) and late (30 days) diagnoses. 

When all variables were used in the statistical model for the determination 

of factors affecting P/ET, any characteristic related to the embryo (age, quality, 

End-points Luteal area category 

Small Large P-value 

Endometrial blood perfusion (1 – 4) 1.76 ± 0.09 1.96 ± 0.10 0.14 

Myometrial blood perfusion (1 – 4) 1.75 ± 0.08   1.95 ± 0.09 0.12 

Luteal area (cm2) 5.02 ± 0.08  7.64 ± 0.21 <0.0001 

Luteal blood perfusion (%) 55.8 ± 1.60  54.6 ± 1.60 0.63 

Plasma P4 (ng/mL) 9.06 ± 0.43 10.13 ± 0.60 0.23 

Correlated variables r P-value 

Luteal area (cm2) vs.  Luteal blood perfusion (%) -0.06 0.55 

Luteal area (cm2) vs.  Plasma P4 (ng/mL)   0.21 0.03 

Luteal blood perfusion (%) vs. Plasma P4 (ng/mL) 0.08 0.42 
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or semen source) or by the day of ET not significantly influenced the P/ET at day 

30 (P> 0.1). The P/ET obtained according to the day of ET were: for day 3, 66.7% 

(2/3), day 4, 70.6% (12/17), day 5, 80.0% (20/25), day 6, 84.4% (27/32), day 7, 

70% (14/20), day 8, 54.5% (6/11), and day 9, 100% (2/2). 

The P/ET was not affected (P> 0.1) by the luteal area or uterine 

(endometrial or myometrial) blood perfusion (Figure 1). However, P/ET was 

affected by the CL blood perfusion class (P= 0.007) and plasma P4 concentration 

class (P= 0.02). A 35.8% increase in P/ET was observed in the high luteal 

perfusion group (41/46) compared to the low perfusion group (42/64); whereas a 

26.1% increase in P/ET was observed in the group with high P4 concentration 

(41/48) compared to the group with low concentration of P4 (42/62). 

 

Figure 1. Pregnancy rate (P/ET; %) in recipients mares (n=110) divided into 2 groups according 
to endometrial blood perfusion (Endo BP; low [1 and 2] or high [3 and 4]); myometrial blood 
perfusion (Myo BP; low [1 and 2] or high [3 and 4]) CL area (small [≤ 6 cm²] or large [> 6 cm²]); 
CL blood perfusion (CL BP; low [≤ 55%] or high [> 55%]) and plasma P4 concentrations (P4; low 
[≤ 9.5 ng/mL] or high [> 9.5 ng/mL]). P/ET was significantly affected (P= 0.007) by CL BP class 
and P4 concentration (P= 0.02), as indicated by an asterisk (*). 

 

Analysis of the ROC curve indicated a cutoff point of 5.94 cm2 for CL area, 

52.5% for CL blood perfusion, and 9.98 ng/mL for plasma P4 concentration. 
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When these characteristics were used as predictors of pregnancy success, the 

analysis indicated that only luteal blood perfusion (AUC= 0.66) was a significant 

(P= 0.01) predictor of pregnancy in mares at the time of ET when compared with 

CL area (AUC= 0.53) and plasma P4 concentration (AUC= 0.60) (Figure 2). 

 

Figure 2. Receiver operating characteristic (ROC) curves of the three pregnancy predictors on 
the day of ET. The horizontal and vertical axes are a false positive rate (1 - specificity) and 
sensitivity, respectively. The luteal blood perfusion provided the most appropriate prediction of 
pregnancy when compared to the CL area and plasma P4 concentration.  

 

Finally, recipients were separated into four different groups according to 

possible combinations of the two classes of CL blood perfusion and two classes 

of P4 concentration (High CLBP and High P4; High CLBP and Low P4; Low CLBP 

and High P4, Low CLBP and Low P4). The P/ET differed among the groups (P= 

0.002), as indicated by the greater P/ET in the groups of high CLBP/high P4 and 

high CLBP/low P4 compared to animals with low CLBP/ low P4. 
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Figure 3. The pregnancy rate in relation to corpus luteum blood perfusion (high CL BP or low 
CL BP) and P4 concentration (high P4 or low P4) classes. A, B Means with different superscripts 
were considered using Fisher's test (P< 0.05). 

 

When luteal area, CL perfusion, and plasma P4 concentration were 

evaluated as a continuous variable, CL area and P4 concentration did not affect 

P/ET (P> 0.1). A linear (P= 0.03) and cubic (P= 0.004) effects were detected for 

blood perfusion of CL, indicating the positive relationship between luteal blood 

perfusion at the time of ET with the probability of pregnancy (Figure 3A). 

However, the cubic effect indicated that P/ET is negatively associated with CL 

blood perfusion up to 45%, followed by a positive relationship up to 75% and then 

a negative relationship up to 85% (Figure 3B). 

 

Figure 4. Probability of pregnancy according to a linear (panel A) or cubic (panel B) 
relationship with the proportion of luteal signals indicating blood perfusion in recipient mares 
at the time of ET (n=110). (A): Probability of pregnancy = exp (0.0439x -1.2366)/1 + exp 
(0.0439x -1.2366). (B): Probability of pregnancy = exp (-0.00032x3 + 0.0579x2 – 3.3498x + 
62.3524)/ 1 + exp (-0.00032x3 + 0.0579x2 – 3.3498x + 62.3524); P< 0.05. 
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4 DISCUSSION 

The present study is the first to show that it is possible to select more 

assertively and in real-time, embryo recipients through luteal blood perfusion at 

the time of ET in horses. Revealing that the greater the luteal blood perfusion, 

the greater the probability of pregnancy and reporting an almost 36% increase in 

P/ET when we added CL color Doppler assessment into the ET routine in 

previously selected mares. Thus, under the current conditions of our study, luteal 

blood perfusion on the day of ET was the most important characteristic that 

affected the maintenance of pregnancy in embryo recipient mares. 

We know that the selection of recipients is one of the most important 

factors that affect the efficiency of an ET program in horses. Veterinarians in 

commercial ET programs usually select recipients by transrectal palpation and 

ultrasonography in B-mode. However, to estimate the function of reproductive 

organs and to improve the prediction of a receptive uterine environment, other 

diagnostic methods need to be associated, such as hormone dosages and 

vascular perfusion of the reproductive tract (GINTHER et al., 2007; FERREIRA 

et al., 2011).   

The pregnancy establishment after ET can be influenced by several 

factors related to the embryo and recipient. Regarding those related to the 

embryo, embryonic quality, age, size, degree of development, and preservation 

are the most critical factors associated with gestational failure. In the present 

study, the first analysis of pregnancy rates after ET was performed with all the 

above-mentioned factors, but none of them affected P/ET. This result was 

somehow expected as there was a pre-selection to use only grade I and II 

embryos in order to optimize the P/ET. In addition, only fresh embryos were used, 

which are the embryos with the greatest chances to develop and result in a 

successful pregnancy in horses (SQUIRES & SEIDEL, 1995; SQUIRES, 2006). 

Previous studies (CARNEY et al., 1991; SQUIRES, 1993; FLEURY & 

ALVARENGA, 1999; JACOB et al., 2012) have also indicated that the age and 

size of the embryo do not influence the P/ET when embryos from 6 to 10 days 

after fertilization are transferred in an adequate handling and transfer techniques. 
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In addition to embryo-related factors, several other factors inherent to the 

recipient influence the P/ET, such as age, reproductive history, degree of 

synchrony between donor and recipient, uterine quality (tone, edema, 

echotexture, and morpho-echogenicity) and ovarian quality (presence of CL and 

CL size and echogenicity). The effect of reproductive history was not included in 

the present analysis, as mares with reproductive failures (those that received 

more than three embryos and did not become pregnant) were excluded from the 

experiment. It is known that the degree of ovulation synchrony between the donor 

and recipient may affect P/ET. Recipients in the present study were between 3 

and 9 days after ovulation, but P/ET was not influenced by the day of ovulation. 

This result is in agreement with previous reports (JACOB et al., 2012; RUA et al., 

2018), which indicated that a larger synchrony window can be performed in 

horses compared to cattle (WILSHER et al., 2006). This large window of recipient 

use allows opportunities for selection during several days per estrous cycle in a 

large commercial ET program where embryos are collected daily.  

Recipients with high endometrial edema and reduced tone have a greater 

embryonic loss and lower P/ET, which may indicate a uterine environment 

incompatible with embryonic development (SQUIRES et al., 1999; CARNEVALE 

et al., 2000; SQUIRES et al., 2003). In this regard, Fleury et al. (2006) suggested 

that morpho-echogenicity and tone of the uterus have to take into account when 

choosing the recipients in commercial ET programs. In our study, none of the 

uterine characteristics assessed by palpation and B-mode ultrasonography 

significantly affected P/ET or differed between pregnant and non-pregnant 

recipients, which may reflect the homogeneity of recipients previously selected 

based on these endpoints. 

Regarding the CL-related characteristics in recipients, there is no 

consensus in previous reports on the effects of CL size and blood perfusion and 

P4 concentration on pregnancy success after ET in horses. An effect of CL size 

or CL echogenicity on gestational success was not detected in the present study, 

suggesting that these morphological endpoints are not accurate for identifying the 

recipients most likely to maintain pregnancy, corroborating with Arruda et al. 

(2001). On the other hand, luteal blood perfusion was greater and plasma P4 

concentrations tended to be greater in pregnant animals. Previous attempts did 
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not detect a significant difference in CL blood perfusion at the time of ET between 

pregnant and non-pregnant equine recipients (BROGAN et al., 2016; SALES et 

al., 2021). This inconsistency between the results observed here and in the earlier 

reports can be explained by the restricted number of animals (33 to 48 recipients). 

Unlike other works that used color pixel counting, which cannot be performed in 

real-time. In our study, we subjectively evaluated luteal blood perfusion in real-

time (highly efficient) and classified the animals into two groups (high or low luteal 

blood perfusion), simplifying and optimizing the field evaluation, which 

contributed to the innovative and positive results reported here. 

For a powerful analysis of factors that can affect a binomial variable such 

as P/ET, a large number of replicates has to be used to reduce the risk of 

conclusions based on type II error. In the present study, we were able to 

determine the impact of luteal blood perfusion in 110 recipients at the time of ET 

using a practical and real-time approach to examine by Doppler ultrasonography. 

Therefore, our first hypothesis that CL blood perfusion has a greater impact than 

CL size on P/ET after ET was tested in a large population and was fully supported. 

First, there was no significant effect of CL size on P/ET, whereas a considerable 

35.8% increase in P/ET was observed in animals with high luteal blood perfusion. 

Also, in the ROC curve analysis, only luteal blood perfusion was detected as a 

significant predictor of pregnancy in mares at the time of ET.  

Furthermore, our findings indicated that a greater CL activity indicated by 

CL blood perfusion is positively associated with pregnancy rates. When luteal 

blood perfusion was evaluated as a continuous variable, a positive and linear 

association between luteal blood perfusion and the probability of pregnancy was 

observed. A cubic effect was also detected, indicating a negative relationship 

between the probability of pregnancy and luteal blood perfusion until the CL 

reaches 45% perfusion, followed by a positive relationship up to 75% and a 

further negative relationship up to 85%. This possible negative relationship 

between P/ET and luteal blood perfusion in recipients with luteal perfusion < 45% 

and > 75% has to be taken carefully as a restricted number of animals presented 

values up to 45% (n= 19) or > 75% (n= 7). Also, the age of the recipients with CL 

blood perfusion of up to 45% may have influenced this cubic relationship. 

Coincidentally, most animals with luteal perfusion <45% were young animals (13 
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out of 19; aged between 3 and 9 years old), including six virgin fillies, which may 

have contributed to the increased P/ET and consequently this initial negative 

relationship. In this regard, several studies have reported that young animals, 

mainly virgin fillies, have higher P/ET compared to older animals (SCOGGIN, 

2015; HANLON et al., 2012; NATH et al., 2010; HOLLINSHEAD et al., 2022). 

The mechanisms involved in increasing pregnancy maintenance in 

recipient mares with high blood perfusion of CL are not known but apparently are 

not associated with a blood supply-induced increase in P4 synthesis. In the 

present study, P4 concentrations were similar between mares with high and low 

blood perfusion. In addition, no significant correlation was observed between the 

blood perfusion and plasma P4.   

Alternatively, CL blood perfusion may be associated with the expression 

of factors related to angiogenesis, which are critical to the development and 

maintenance of CL function (TAMURA & GREENWALD, 1987; FRASER et al., 

2000; MATSUOKA-SAKATA et al., 2006). Angiogenesis is composed of 

condensed blood vasculature and develops under the influence of angiogenic 

factors, stimulated by vascular endothelial growth factor (VEGF) and basic 

fibroblastic growth factor, among others (REYNOLDS & REDMER, 1999; 

BERISHA & SCHAMS, 2005). The VEGF is a potent angiogenic and survival 

factor for endothelial cells during angiogenesis (FERRARA & DAVIS-SMYTH, 

1997; FERRARA et al., 2003; AL-ZIAB et al., 2003). Angiopoietins are another 

important vascular growth factor that acts in conjunction with VEGF for the 

formation, stabilization, and regression of blood vessels during divergent phases 

of CL formation, regression, and rescue by pregnancy (SURI et al., 1996; 

THURSTON et al., 2000; SUGINO et al., 2005). A high stabilization of blood 

vessels in the CL is a prerequisite factor for the rescue of CL at the beginning of 

maternal recognition and pregnancy (SUGINO et al., 2005). Therefore, the 

presence of a CL with greater CL blood perfusion in the present study could be 

associated with a greater luteal expression of VEGF and angiopoietins, which 

could be improving the resistance of the CL to luteolytic factors and favor 

pregnancy maintenance. However, more investigations are necessary to 

elucidate the role of luteal blood perfusion, angiogenesis, and vasoactive factors 

in CL function and pregnancy maintenance in mares. 
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In addition to CL blood perfusion, plasma P4 concentrations also affected 

P/ET in the current study. There are not many studies evaluating the impact of 

P4 on P/ET in horses and the reports presented ambiguous results. Souza (2006) 

suggested that recipients with a higher concentration of P4 are more able to 

maintain the pregnancy, but Hollinshead et al. (2022) did not observe an effect of 

P4 on P/ET in cyclic recipient mares. Other reports (KNOWLES et al., 1993; 

ALONSO, 2007) suggest that the circulating P4 concentrations are not 

associated with the P/ET, but a minimum concentration is required to guarantee 

pregnancy maintenance. In studies carried out in ovariectomized mares 

supplemented with P4 after ET, a P4 concentration < 4 ng/mL was associated 

with a lower P/ET, and a concentration ≥ 4 ng/mL was necessary to maintain 

pregnancy in these recipients (SHIDELER et al., 1982; GINTHER et al., 1985; 

KNOWLES et al., 1993; HOLLINSHEAD et al., 2022). Several studies in mares 

suggested that there is a close relationship between luteal blood flow and luteal 

P4 synthesis and that a high blood supply to the CL represents an important 

requirement for P4 production (BOLLWEIN et al., 2002a; GINTHER et al., 2006; 

GINTHER et al., 2007). Although these reports suggested that CL blood perfusion 

and P4 synthesis are highly associated in several species, it is likely that the 

effects of both traits on P/ET in the present study are synergic rather than 

correlated. In addition to the absence of a significant correlation between luteal 

blood perfusion and P4 at the time of ET, when P/ET was studied according to 

these two endpoints, the highest P/ET was obtained in recipients with high luteal 

blood perfusion and high P4, and the lowest in those with low blood perfusion 

and low P4. 

Thus, the present results suggest that luteal blood perfusion and 

circulating P4 before ET are interesting pregnancy success predictors, but unlike 

the blood perfusion assessment of the CL through Doppler ultrasonography, the 

use of P4 is limited as it cannot be performed in real-time. The commercial assays 

for circulating P4 is time-consuming and with limited use under field conditions. 

Alternatively, real-time assessment of luteal blood perfusion using color-Doppler 

imaging allows the selection of highly receptive mares, which can considerably 

improve the pregnancy rate in equine ET programs if recipients with high luteal 

blood perfusion are selected. Therefore, Doppler imaging could reduce the 
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proportion of recipients susceptible to failures in establishing pregnancy in ET 

programs in horses, since the embryos would not be transferred to recipients with 

sub-functional CL, as already reported in cattle (PINAFFI et al., 2015; PUGLIESI 

et al., 2019). Furthermore, when there is an excessive number of recipients 

considered able to receive an embryo after the conventional pre-selection of 

synchronized animals, those with luteal perfusion ≥ 55% can be prioritized. So, 

this strategy could be used as an alternative to improve the chances of 

establishing pregnancy of high genetic merit and value embryos in commercial 

ET programs. 
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5 CONCLUSIONS 

We conclude that in pre-selected recipient mares, the CL size or uterine-

accessed characteristics determined by transrectal palpation or by B- and color-

Doppler ultrasonography do not influence P/ET. Luteal blood perfusion 

determined by color-Doppler ultrasonography was the only reproductive 

characteristic at the ET that differed between pregnant and non-pregnant 

recipients. Luteal blood perfusion and plasma P4 at the time of ET are not 

correlated but both factors independently affected the P/ET and these effects are 

likely synergic to improve pregnancy maintenance. Finally, luteal blood perfusion 

was identified as the most efficient endpoint for pregnancy predictor and can be 

used as an additional real-time evaluation for selection of recipient mares to 

improve pregnancy success in commercial ET programs.  
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6 FINAL CONSIDERATIONS 

Although P4 concentration is a potential indicator of gestational success, 

it cannot be used in real-time to select the most suitable recipient in a commercial 

ET program. In addition, luteal blood perfusion determined by Doppler 

ultrasonography is an innovative and easily accessible tool that can be used in 

real-time and with high repeatability to select recipients with a greater chance of 

maintaining pregnancy in ET programs in horses, based on the luteal blood 

perfusion. The use of Doppler ultrasonography for selection of recipients is still 

restricted but it is already commercially used in ET programs in cattle. Although 

its use in horses has been tested in a few previous research reports, the lack of 

a positive impact on ET success has limited its use in commercial programs in 

horses. Thus, the herein pioneer results showing a positive association between 

CL blood perfusion and pregnancy success, open new possibilities of 

investigations to support the effectiveness of this technique for selection of 

recipients in commercial ET programs in horses. 

These results are encouraging and encourage veterinarians to carry out 

the selection of equine recipients through analysis of luteal blood perfusion 

performed by Doppler ultrasonography. This technique allows the selection of the 

recipient with the greatest potential to maintain pregnancy and increase success 

in commercial ET programs in horses. It is important to emphasize that Doppler 

ultrasonography for the selection of equine recipients does not replace the 

conventional evaluation (palpation + B-mode), but it comes to add to the decision-

making process and potentially improves pregnancy rates after ET. 

Considerable progress has already been made regarding molecular 

events that are associated with CL angiogenesis, especially in rats, primates, and 

humans, but studies in large animals, especially in horses, are still scarce. The 

lack of clarity on the changes in vascular CL perfusion and the pregnancy events 

may be partly due to the different results among species. 

Faced with the scarcity of studies correlating the high vascularization of 

CL with the physiological mechanisms that may be involved in the success of 

pregnancy, there is a wide range to study the physiological processes of 
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angiogenesis in high perfusion CL and its relationship with the maintenance of 

pregnancy in mares. After all, for the maintenance of pregnancy to occur, the life 

of the CL needs to be extended. One of the questions to be answered is whether 

pregnancy maintenance involves greater angiogenesis and greater vessel 

stability and the CL failure and early gestational loss are due to reduced CL 

vascularization. 
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