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Resumo

Puerpério ¢ o periodo apds a finalizagdo do parto e acontece em escala logaritmica decrescente,
especialmente durante a primeira semana apos o parto, quando o utero passa por marcado remodelamento
durante sua involugdo. No entanto, ndo estdo totalmente elucidados os mecanismos hormonais, celulares
e moleculares que regulam esse processo. Considerando a necessidade de estabelecer métodos
diagndsticos precoces para a avaliagdo das mudangas no puerpério em ovelhas e a escassez no nimero de
estudos sobre involugdo uterina, o monitoramento desse periodo ¢ essencial para evitar declinio na
eficiéncia reprodutiva, sendo que o intervalo de partos esta diretamente relacionado a velocidade da
involugdo uterina e ao retorno a atividade reprodutiva das fémeas. Para isso, o entendimento do processo
de recuperacdo do trato reprodutivo no pds-parto dessa espécie ¢ de grande importancia para o sucesso do
sistema de produgdo em ovinos. Neste trabalho, revisamos o periodo puerperal, os mecanismos
subjacentes a reproducdo normal dos ovinos e a ultrassonografia para avaliar esse periodo na ovelha
como modelo experimental ou para aplicacdo em Medicina Veterinaria.
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Abstract

Puerperium is the period after the completion of delivery and occurs on a decreasing
logarithmic scale, especially during the first week after delivery, when uterus undergoes marked
remodeling. However, hormonal, cellular, and molecular mechanisms that regulate this process are not
fully understood. Considering the need to establish early diagnostic methods to evaluate changes during
sheep’s puerperium and the scarce number of studies on uterine involution, monitoring this period is
essential to avoid declining in reproductive efficiency, as calving interval is directly related to the speed
of uterine involution and the return to female reproductive activity. Therefore, understanding the
postpartum reproductive tract recovery process of this species is of great importance for the success of
sheep production systems. We review the puerperal period, the mechanisms underlying the normal
reproduction of sheep and ultrasonography to evaluate this period as an experimental model or for
application in Veterinary Medicine.
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Introduction

Improving reproductive efficiency in domestic farm animals is critically important to the
livestock industry. The postpartum period has a reproductive and economic importance because
influences interval between parturitions and affects the number of offspring produced per year (Sanchez
et al., 2002), mainly under intensive sheep production systems (Ababneh and Degefa, 2005). Postpartum
fertility depends on two major events: uterine involution and ovarian cyclicity resumption (Jainudeen et
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al., 2004). However, there are conflicting studies regarding the uterine involution time in ewes, which
may reflect differences in breeds and management.

Indeed, the influences that contribute to a low productivity in ruminants are associated with
delayed uterine involution due to inflammatory and/or infectious processes, disorders in endometrial
regeneration and anestrus (Sheldon and Owner, 2017). Regarding uterine pathologies, it is also important
to mention metritis, uterine prolapse and hydrometra/mucometra (Scott, 2015).

Ultrasonography in small ruminants production is a non-invasive technique that may reveal
details of the progressive changes in the uterus of ewes (Ioannidi et al., 2017) and has been responsible
for expressive benefits to reproductive management, enabling clinical investigation, pregnancy diagnosis,
and real time uterine evaluation postpartum (Hauser and Bostedt, 2002). The aim of this article is to
review the particularities of the postpartum period and the use of ultrasonography to evaluate the uterus
of ewes during this period.

Uterine Anatomy and Postpartum Physiology

In sheep, cattle and horses the uterus is bipartite, with prominent uterine body and a septum that
separates both horns. The uterine perimetrium and myometrium share similar echogenic structure, which
makes ultrasound differentiation not possible. The uterine endometrium of ewes has both aglandular
caruncular and glandular intercaruncular areas (Hafez and Hafez, 2004; Wang et al., 2013). Placentation
in sheep (synepitheliochorial) involves growth and union of placental cotyledons with endometrial
caruncles, developing the placentomes, which are the primary sites of conceptus-maternal exchange of
gases and micronutrients, such as amino acids and glucose (Bazer et al., 2012). The average gestation
length is 150 days and may vary due to interference of maternal, environmental, fetal and genetic factors.
If not pregnant, a new estrous cycle will occur at an average interval of 17 days (Feliciano et al., 2013).

After parturition in ruminants, the uterine involution encompass contraction and weight loss, as
well as tissue renewal. The uterine involution begins immediately after parturition and involves physical
shrinkage, necrosis and sloughing of caruncles, and regeneration of the endometrium. Sloughing of the
uterine caruncles contributes to reduction in weight of the uterus because they take over half of the
weight of the uterus (Gier and Marion, 1968; Sheldon, 2004). There is a progressive decreasing in vaginal
discharge, uterine and cervical diameters that occurs due to vasoconstriction and peristaltic contractions
(Leslie, 1983; Wehrend and Bostedt, 2003), reduction in uterine blood flow and endometrial vascularity,
as well as a reduction of smooth muscle mass (Guilbault et al., 1984; Slama et al., 1991).

A balanced and coordinated endocrine system is important for normal reproductive function and
returns to ovarian cyclicity. This requires homeostasis among gonadotrophin releasing hormones (GnRH)
from the hypothalamus, follicle stimulating hormone (FSH), luteinizing hormone (LH) and prolactin
(PRL) from the adenohypophysis and prostaglandin F2-alpha (PGF2a) from the uterus and the gonadal
steroids (Kota et al., 2013). After parturition, steroid hormone concentrations decrease to basal values and
there is an increase in plasma FSH concentration within days after parturition that stimulates the
emergence of the first postpartum follicular wave (Sheldon et al., 2008). Thus, the ability to achieve
maximum reproductive efficiency depends on a thorough understanding of postpartum hormonal
changes.

The postpartum fertility of sheep depends on uterine physiological involution and the return of
ovarian activity (Lamraoui et al., 2017). However, there are controversial studies regarding the time for
complete uterine involution and ovarian activity resumption in the postpartum period (Hayder and Alj,
2008; Nasciutti et al., 2011).

Postpartum assessment of the genital tract by ultrasonography

To maximize sheep production, it is necessary to adopt tools that enable reproductive
monitoring, improving reproductive performance and herd productivity (Sharkey et al., 2001). In small
ruminants, accurate evaluation of the internal organs of the reproductive tract by rectal palpation is not
possible (Feliciano et al., 2013) and authors reported different intervals to complete uterine involution.
Studies were conducted assessing hormonal levels (Ishwar, 1995), radiography (Tian and Noakes, 1991),
ultrasonography (Fernandes et al., 2013), laparotomy (Rubianes et al., 1996) or evaluation after
slaughtering (Rubianes and Ungerfeld, 1993).

In ewes, ultrasonography is routinely used for pregnancy diagnosis, but there is limited
information using this technique for the evaluation of the uterine regression in this species. It has been
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reported the use of ultrasonography as a practical and efficient tool to evaluate the uterine involution during
post-partum period in several species, such as cows (Sheldon and Ownes, 2017), mares (Griffin_and
Ginther, 1991), goats (Ababneh and Degefa, 2005; Badawi et al., 2014; Fasulkov, 2014) and ewes
(Zdunczyk et al., 2004; Hayder and Ali, 2008; Nasciutti et al., 2011, Gomes et al., 2014; Ioannidi et al., 2017).

Ultrasonography has a role in differentiating the normal or abnormal uterus during postpartum
(Feldman and Nelson, 1996). It also provides additional information about uterine physiological and
pathological processes, which may contribute to the development of new methods for the treatment of
reproductive disorders in ruminants (Jaskowski et al., 2013). It is also possible to diagnose uterine
abnormalities after parturition, such as accumulation of lochia in the uterine lumen or the presence of
retained fetal membranes, leading to a prolonged uterine involution, placental retention and other
disorders, e.g. endometritis, uterine infection and hemorrhage (Hauser and Bostedt, 2002).

Obstetric intervention in cases of dystocia compromise the uterine involution during the first 24
h postpartum, measured by cross-sectional diameter, whereas at later time points the involution process
nearly develops parallel in ewes with or without lambing disorders. In addition, obstetrics intervetion
increases the risk of foetal membranes retention by up to 30% in cases of caesarean section (Ftheniakis et
al., 2000; Hauser and Bostedt, 2002).

Ultrasound examination of the female reproductive system in small ruminants can be conducted
using two approaches: transabdominal and transrectal (Zdunczyk et al., 2004). To evaluate the uterine
involution in sheep, transabdominal approach is recommended rather than transrectal in the first week post-
partum, since the uterus remains in the cranioventral portion of the abdomen (Hauser and Bostedt, 2002).

The uterine lumen and its content in a normal uterus can be easily visualized during the early
stage of the puerperium, appearing enlarged and with heterogeneous echotexture due to the observation
of the layers (Hauser and Bostedt, 2002), presenting up to 10 cm of diameter (Fernandes et al., 2013). As
its size decreases progressively, it may be more difficult to image it after the 13" day post-partum by
transabdominal scanning, as reported by Ababneh and Degefa (2005).

The uterine characteristics that can be assessed by ultrasonography during postpartum are uterine
diameter, distention of uterine lumen, presence, quantity and echotexture of uterine content, thickness and
echotexture of uterine wall, regression of caruncles and uterine blood flow (Hauser and Bostedt, 2002;
Ababneh and Degefa, 2005; Elmetwally and Bollwein, 2017).

Different intervals were reported for complete uterine involution postpartum evaluated by
ultrasonography, which occurred between 17-35 days postpartum (Ali et al., 2001; Zdunczyk et al., 2004;
Ababneh and Degefa, 2005; Badawi et al., 2014; Fasulkov, 2014; Medan and El-Dack, 2015; Elmetwally
and Bollwein, 2017). Gomes et al. (2014) reported a slower reduction of uterine depth in ewes with twin
parturition compared to singleton parturition, but uterine depth decreased in all ewes during postpartum
period with more that 50% of total uterine regression observed from day | to day 16 after parturition.
Accordingly, Hauser and Bostedt (2002) reported uterine size decreasing by 50% after five days
postpartum. However, Rubianes and Ungerfeld (1993) reported that 97% of the uterine involution in the
animals evaluated occurred approximately on day 17 postpartum. Other researchers found that this
involution occurs around 28 days postpartum (Regassa and Noakes, 1999) or between the fourth and fifth
week postpartum (Hayder and Ali, 2008).

The ability to measure changes in blood flow during postpartum period provides a promising
diagnostic tool for assessing the status of uterine involution during this period. Doppler has been used for
several years to identify postpartum uterine involution in women, reporting an association between
uterine blood flow and delayed uterine involution (Mulic-Lutvica and Axelsson, 2007; Guedes-Martins et
al., 2015). In ruminants, uterine blood flow during the postpartum period was assessed in cows (Krueger,
2009; Heppelmann et al., 2013), ewes and goats (Elmetwally and Bollwein, 2017; Ioannidi et al., 2017).
Preliminary finds in ewes have indicated that blood flow and diameter of the uterine artery decrease
progressively after parturition, starting soon after lambing. Changes are of greater magnitude during the
first post-partum week and it decrease significant after the 20" day post-partum compared to findings
immediately after lambing (loannidi et al. 2017). Elmetwally and Bollwein (2017) also reported
significantly decrease in uterine blood flow during the initial postpartum period in goats and sheep,
especially during the first nine days postpartum, and these important changes can be explained because of
loss of metabolic requirements of the fetus and placenta.

Conclusion

This literature review shows that ultrasonography can be a great and accurate method for assess
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and elucidate the process of uterine involution in ewes, mainly because uterine structures cannot be
assessed by rectal or abdominal palpation in this species. Studies reviewed in this article presented that
the ultrasonography can be a non-invasive tool to evaluate details of the progressive changes in the uterus
during the postpartum. Thus, the monitoring of this period and the capability to early diagnosis of
intercurrences could improve the survival rate of obstetric patients and reproductive life, together with
achievement of a satisfactory interval between.
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