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Embryo transfer (ET) should play a critical role in the pig industry because 
it allows the movement and introduction of new genetic material into a 
herd with minimal risk of disease transmission and reduced transportation 
costs. In addition, embryo movement could prevent the potential health 
and welfare problems associated with transporting live pigs. Although the 
first successful ET was reported more than 60 years ago, the commercial 
use of this procedure in pigs is still in its infancy. The surgical requirements 
for embryo collection and transfer and the difficulties with embryo 
cryopreservation have prevented its use in pigs, unlike other livestock. 
However, new methodologies have been developed in the past decade to 
enable successful non-surgical ET and embryo cryopreservation that could 
allow the commercial use of ET in the pig industry. This review focuses on 
the development of these technologies with emphasis on our own findings. 
Specifically, we discuss the basic aspects of a non-surgical deep-uterine ET 
procedure and describe several factors that affect its efficacy in the transfer 
of fresh and short-term cultured embryos. Finally, we conclude with a brief 
discussion on the use of this procedure with long-term stored embryos.

Introduction

Little information is available concerning the reproductive performance of recipients after surgical 
transfers of fresh embryos. Most of the reports described experimental studies evaluating the 
pregnancy rates and fetus numbers 30–35 days after transfer. In general, these studies reported 
pregnancy rates of 60–80% with 5–8 fetuses per pregnant recipient (Polge 1982, Blum-Reckow 
& Holtz 1991, Wallenhorst & Holtz 1999). In only a limited number of surgical ET studies were 
the recipients allowed to carry litters to term, achieving farrowing rates of 50–80% and litter sizes 
of 6–8 piglets (James et al. 1980, Cameron et al. 1989, Niemann et al. 1989). Although Polge 
and Day (1968) demonstrated that pregnancy could be established in pigs through non-surgical 
ET, the procedure was considered an inefficient technique for many years due to the complex 
anatomy of the porcine cervix and uterus. However, new non-surgical procedures for embryo 
deposition were developed in the 1990s, achieving farrowing rates of 5–41% and litter sizes of 
5–7.5 piglets (reviewed in Cameron et al. 2006). Among these procedures, the most promising 
involved the placement of embryos into the uterine body of non-sedated sows (Hazeleger & 
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Kemp 1994). Although the farrowing rates (42%) and the litter sizes (7.5 piglets) reported using 
that procedure (Ducro-Steverink et al. 2004) were comparable to those achieved with surgical 
transfers, improvements were still needed to increase the reproductive performance of the 
recipients after non-surgical ET. From physiological and practical perspectives, three limitations 
of non-surgical uterine body ET procedure could be considered: the place of the deposition 
of the embryos, the embryo developmental stage at transfer and the type of recipients.  Under 
natural conditions, after entry into the uterus, pig embryos remain near the tip of the uterine 
horn until day 6-7 (day 0 = onset of estrus), progressing then towards the uterine body (Dziuk, 
1985). For ET purposes, embryos are usually collected from the tip of the uterine horns at morula 
and blastocyst stages on days 5 and 6, respectively. Therefore, it appears to be reasonable that 
the transfer of these embryos to anterior portions of the uterine horns of the recipients might 
have some advantages compared with the transfer into the uterine body. In agreement with this 
hypothesis, results from surgical ET indicated that the uterine body is a less appropriate place 
than the middle or anterior quarter of the uterine horn (Wallenhorst and Holtz, 1999). The stage 
of the embryos at transfer seems to be other limiting factor of the uterine body non-surgical ET 
procedure since pregnancy rates fell dramatically with transfers of embryos at the morula stage 
in comparison with those achieved using blastocysts (Hazeleger and Kemp, 1994). The third 
limitation of that procedure is that only sows can be used as recipients because the cervix of 
gilts is more tightly closed and does not permit the penetration of the uterine-body catheter 
(Hazeleger, 1999). To overcome these limitations, we designed a research program directed 
toward developing a new procedure for the non-surgical transfer of porcine embryos deep 
into a uterine horn of non-sedated gilts and sows. The preliminary results of this method were 
published at the 2001 International Conference on Pig Reproduction (Martinez et al. 2001), 
and although the procedure will continue to be improved in the next years, the results already 
achieved with fresh and vitrified embryos represent a fundamental advance in the widespread 
commercial use of ET in pigs.

Safety and effectiveness of the non-surgical deep-uterine (NsDU)  
embryo transfer procedure

In 1999, we designed an NsDU ET catheter to avoid the two principal obstacles in the swine 
genital tract, the cervical folds and the length and coiled nature of the uterine horn (Martinez 
et al. 2001). The catheter, currently produced by Minitube (Tiefenbach, Germany), has an 
adequate propulsion force to pass through the cervix and sufficient flexibility to progress along 
the uterine horn. Intrauterine insertions of the catheter are performed in regular insemination 
crates at days 4–6 of the estrous cycle in non-sedated gilts and sows. The efficacy of the 
insertions is provided in Table 1. In 90% of the gilts and sows, the catheter can be correctly 
inserted into the second or third quarter of the uterine horn (Figure 1) in less than 5 min. 
Although the number of incorrect insertions is low, the ability to ascertain the precise location 
of the catheter during the insertion is important to maximize the efficacy of the procedure. 
More than 95% of the transfers are correctly predicted, minimizing the embryonic waste due 
to incorrect transfer that results in poor pregnancy rates. The NsDU ET procedure is simple; 
however, acquiring the skills necessary to perform this new procedure requires training. The 
minimum number of cases required for proficiency must be determined because it impacts the 
outcome of the procedure. Figure 2 shows the results obtained from NsDU transfers with fresh 
embryos by the same operator over time. These data indicate that NsDU transfer skills improve 
with practice, leading to an increase in the farrowing rates and a decrease in the duration of 
the catheter insertions. Therefore, completion of a training period should be mandatory when 
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Figure 1 Radiographic images obtained in a non-sedated sow (A) after introduction of 
contrast liquid (B): the cervical canal, the uterine body, the uterine bifurcation and the 
beginning of the uterine horns are clearly visible. (C) The insertion of the non-surgical 
deep-uterine catheter into the uterine body and (D) its progression along a uterine horn.

Table 1 Efficacy of the insertions of non-surgical deep-uterine catheters in gilts and sows at days 4–6 of the 
estrous cycle (adapted from Martinez et al. 2004 and Cuello et al. 2005).

Parameter Type of recipient Observations

Gilts* Weaning sows

Possibility of insertions (%) 85–90 95

Correct insertions (%)** 80–90 90–93

Correct prediction of insertions (%) > 95 > 95

Depth of the insertions into a uterine horn (anterior 
quarters)

2nd–3rd 2nd–3rd In 90% of recipients

Non-difficulties during insertions (%) > 70 > 80

Day of the recipient cycle*** 4–6 4–6

Time required for insertions (min) 2–5 2–3

Good (no reaction) behavior of the females during the 
procedure (%)

> 90 > 90 Worse in gilts than in 
sows

Perforations  No No

Infections after ET  No No

*With more than two previous estrus cycles. **As determined by laparotomy or after slaughter (gilts) and by 
radiography or by the shape of the catheter after removal, whether it was straight or bent (sows). *** Day 0 = onset 
of estrus.
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initiating an NsDU ET program in either research or commercial contexts. Animal welfare is 
another important factor to consider. As shown in Table 1, more than 90% of the females react 
well to the catheter insertions, suggesting that the procedure is well tolerated and painless even 
when insertions are problematic. The absence of uterine infections following transfers is also 
remarkable given the potential risk for infection during non-surgical ET with the manipulation 
of the uterine environment when the animal is under the influence of progesterone (De Winter 
et al. 1996). With more than 160 NsDU ETs performed by a private company (Selección 
Batallé SA, Girona, Spain) during the last 3 years, we can affirm that uterine infections can be 
completely avoided by using a clean ET room and sterile instruments, carefully cleansing and 
disinfecting the perineal area and administering an antibiotic on the day of the ET. On the other 
hand, although it has not been adequately evaluated, the potential injury or damage to the 
sow’s reproductive tract due to the insertion of the NsDU ET catheter appears to be minimal. 
The absence of bleeding during and after catheter insertions and the excellent fertility results 
obtained after transfers support that statement.

Non-surgical deep-uterine transfer with fresh embryos

Early research on surgical and non-surgical ETs in pigs has been reviewed in detail elsewhere 
and is not discussed herein (Hazeleger & Kemp 2001, Cameron et al. 2006). Instead, we 
discuss our own research findings and describe several factors that affect the success rate of 
NsDU ET of fresh embryos.

Superovulation of the donors

Although the ovulation rates differ among pig breeds, lines, and animals within a breed 
(Caárdenas & Pope 2002), 15–25 oocytes could be proposed as an average for this species. 
Successful surgical and non-surgical ET requires 15–23 (Polge 1982, Cameron et al. 1989) and 
24–30 (Hazeleger et al. 2000a, Martinez et al. 2004) embryos per transfer, respectively, with a 
donor:recipient ratio of approximately 1:1. However, in practice, the situation is different and 
can be affected by several factors, such as pregnancy rate (not all donors become pregnant after 
insemination), fertilization rate (not all oocytes are fertilized), stage of embryonic development at 

Figure 2 Farrowing rates and duration of the non-surgical deep uterine catheter insertions 
during the training curve. Each trial was conducted in separate sessions over a 3-year 
period and consisted of 7–11 embryo transfers (n = 111) by the same operator. Trials are 
indicated in chronological order from older (trial 1) to most recent (trial 12).
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time of collection (embryos are not always at the optimal stage of development when collected), 
embryo quality (not all embryos collected are transferable), and the recovery rate (some 
embryos are lost during collection). Therefore, the donor:recipient ratio should be increased 
to approximately 2:1. To reduce this proportion, the donors can be superovulated with equine 
chorionic gonadotropin (eCG) (reviewed in Brüssow et al. 2009); however, several problems have 
been associated with this treatment, including an inconsistent ovulatory response (Furstoss et al. 
2012), high percentages of unfertilized oocytes, poor embryo quality (Holtz & Schlieper 1991) 
and embryonic mortality (Guthrie et al. 1974). At contrast, Hazeleger et al. (2000a) reported an 
increased number of transferable embryos by using a high dosage of eCG (1500 IU) in comparison 
to that achieved with a dosage of 1000 IU eCG. The higher eCG dose tended to give lower 
pregnancy rates, but did not affect the number of high-quality embryos. We recently developed 
an NsDU ET program in purebred Duroc sows, a breed that is convenient for superovulation 
due to its low ovulation rate. We evaluated the aforementioned doses of eCG (1000 and 1500 
IU), administered 24 h post-weaning. The sows in estrus 48–72 h after eCG dosing were treated 
with 750 IU human chorionic gonadotropin, inseminated 12 and 24 h after the onset of estrus, 
and used as embryo donors. Untreated sows with natural post-weaning estrus were used as the 
controls. Embryos were collected 5–6 days after the onset of estrus, morphologically evaluated, 
and non-surgically transferred deep into a uterine horn of the recipients (30 embryos per transfer). 
All donors were pregnant at the time of laparotomy, except two sows (8.3%) from the higher 
eCG-dose group. Both of these sows displayed polycystic ovaries and no signs of ovulation. The 
number of corpora lutea and embryos increased with the higher eCG dose (Figure 3). Contrary 
to the earlier reports, we did not observe any effect of the treatments on either the number of 
unfertilized oocytes or the embryo quality. The results from the NsDU ET (Figure 4) indicated no 
differences between the control and treated groups in the pregnancy and farrowing rates or in the 
litter sizes. These results indicate that in purebred Duroc sows the number of donors per recipient 
can be decreased from 2.1 to 1.5 through superovulation, and that 1000 IU eCG is adequate to 
obtain an acceptable number of transferable embryos and satisfactory reproductive performance 
of the recipients. Nevertheless, these data should not be extrapolated to other breeds or lines in 
which the superovulatory response could differ. In Danish DanBred crossbred (Landrace x Large-
White) sows, for example, a dose of 1000 IU eCG increased the number of corpora lutea and 
transferable embryos approximately 1.6 times over that of the corresponding controls, resulting 
in a donor:recipient ratio of approximately to 1:1.2 (with 30 embryos transferred per recipient). 

Figure 3 Number of corpora lutea, total embryos, oocytes/degenerated embryos and 
transferable embryos obtained from superovulated purebred Duroc sows (n = 78) using 
different dosages of eCG (mean ± SEM). a,b,cIn the same parameter P < 0.05.
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Degree of synchrony between the stage of embryo development and the recipients

Several trials involving surgical ET clearly demonstrated that higher pregnancy rates could be 
achieved when the transfers are performed on recipients that started estrus after the donors than 
those achieved using recipients that were in estrus before the donors (Polge 1982, Wilde et 
al. 1988, Blum-Reckow & Holtz 1991). In contrast, studies involving non-surgical ET into the 
uterine body indicated that transfers to recipients ovulating 18–36 h after the donors resulted 
in lower pregnancy rates than those performed on recipients ovulating from 24 h before to 12 
h after the donors (Hazeleger et al. 2000b). Our results with NsDU ET mirror those achieved 
in the surgical experiments, not those obtained with the non-surgical uterine body ETs. In 
our experiments (Tables 2 and 3), the pregnancy rates decreased significantly if the estrus of 

Figure 4 Fertility (%) and prolificacy (mean ± SEM) of the recipients (n = 34) after 
non-surgical deep-uterine transfers of embryos collected from control (white bars) and 
superovulated purebred Duroc sows with 1000 IU (grey bars) and 1500 IU (black bars) eCG.

Table 2 Effects of the varying degrees of synchrony between the recipients and donors on the farrowing rates and 
litter sizes after non-surgical deep-uterine transfers of 30 fresh porcine embryos at the morula and/or unhatched 
blastocyst stages.

Synchrony recipients-donors (h)*

−24 0 +24 +48

Recipients (n) 8 26 33 12

Pregnancy (n/%) 1 (12.5)a 16 (61.5)b 29 (87.9)c 5 (41.7)ab

Farrowing (n/%) - 16 (61.5)ab 27 (81.8)b 5 (41.7)a

Total born (mean ± SEM) - 10.4 ± 0.8 9.6 ± 0.7 9.2 ± 1.4

Born alive (mean ± SEM) - 10.1 ± 0.7 9.1 ± 0.6 8.6 ± 1.3

*Recipients in estrus before (−) or after (+) donors. a,b,c, Different superscripts within the same row differ (P < 
0.05).

Table 3 Reproductive parameters of the recipients in estrus 24 h later than the donors after non-surgical deep-
uterine transfer of 30 fresh porcine embryos.

Embryonic stage*

Morula Blastocyst

No. of recipients 21 12

Pregnancy rate (n/%) 19 (90.5) 10 (83.3)

Farrowing rate (n/%) 17 (81.0) 10 (83.3)

Total born (mean ± SEM) 9.9 ± 0.8 9.2 ± 0.7

Born alive (mean ± SEM) 9.2 ± 0.8 9.0 ± 0.8

Embryos at the morula and unhatched blastocyst stages were collected from donors at days 5 and 6 (day 0 = onset 
of estrus), respectively, and were transferred to the recipients on days 4 and 5, respectively.
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recipients began 24 h before (−24 h) that of the donors. The highest pregnancy rates were 
achieved when the recipients were + 24 h asynchronous with the donors (87.9%), regardless 
of the embryonic stage (day 5 morulae or day 6 blastocysts) used for the transfers. A recipient 
asynchrony of + 48 h was adequate for the blastocysts but not for the morulae transfers, most 
likely because in the latter case, the recipients were on the third day of the cycle and some still 
exhibited signs of estrus. The discrepancies among the studies using surgical and non-surgical ET 
could be related to the site of embryo placement in each procedure; therefore, additional data 
are needed to support the assertion that transferred embryos prefer a “younger” environment.

Short-term (24 h) storage of fresh embryos

From a commercial standpoint, the embryos must be transported from the donor to the recipient 
farms requiring a storage period. In vitro culture can be used as a method for short-term embryo 
storage. High blastocyst formation rates (96%) were noted when in vivo derived 2- to 4-cell 
embryos were cultured in vitro for 3–4 days (Cuello et al. 2007). Although these blastocysts 
had lower cell numbers compared with their in vivo counterparts, no difference was noted in 
the in vivo developmental ability after surgical ET between the two types of blastocysts (Blum-
Reckow & Holtz 1991, Macháty et al. 1998). Because this storage method has the potential 
to maintain embryo viability during transport to the recipient farms, additional research is 
needed to evaluate the usability of these embryos for NsDU ET and to establish optimum 
culture conditions. 

In some cases, a period of 24 h between the collection and transfer can enable the long-
distance transportation of the embryos to their recipients. Thus, using surgical ET, acceptable 
farrowing rates (50–60%) and litter sizes (5–8 piglets) were obtained after a transoceanic 
transport of the embryos (James et al. 1980, Niemann et al. 1989). More recently, Rubio 
Pomar et al. (2004) investigated different incubation temperatures and culture media and 
concluded that in vivo-derived early blastocysts stored at 25 °C in a serum-free BSA medium 
for 24 h are at a suitable developmental stage for ET and provide high-quality embryos. 
Unfortunately, these results were not confirmed by the transfer of the stored embryos. In 
a recent study, we tested two types of culture media that do not require controlled CO2 
gassing (NCSU23-HEPES-BSA and TL-HEPES-PVA) and two temperatures (25 and 37 °C) for 
a 24-h in vitro culture of in vivo-derived morulae and early blastocysts. Embryos cultured in 
NCSU23-BSA-fetal calf serum medium at 38.5 °C in an atmosphere of 5% CO2 in air were 
used as a control. Our results indicated that the survival rates were negatively affected at 25 
°C when the chemically defined medium (TL-HEPES-PVA) was used (Table 4). The reasons 
for the discrepancy between our results and those of Rubio Pomar et al. (2004) are unclear, 
although probably relate to the presence of BSA in the culture medium used in that study. In 
our experiment, no differences in the survival rates were detected in the embryos cultured at 
37 °C, except for a developmental delay at 24 h in all groups compared with the control. This 
developmental delay was more profound when the embryos were incubated at 25 °C. Unlike 
the controls, none of the embryos cultured in the experimental media at 37 °C hatched at 
the end of culture period. Because no two batches of serum or serum components are alike, 
and because their use carries a risk of disease, we selected the chemically defined medium 
to evaluate the effects of the embryo culture at 37 °C for 24 h on the farrowing rates and 
prolificacy after NsDU ET (Table 5). The results from this experiment demonstrated, for the 
first time, that high reproductive performance can be achieved after NsDU transfers of fresh 
embryos cultured for at least 24 h in a defined medium. 
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Non-surgical deep-intrauterine transfer with vitrified/warmed embryos

In addition to the applications of the ET technology, the development of a procedure to cryopreserve 
pig embryos would provide additional transcendental applications for the pig industry, which 
have been reviewed in detail (Dobrinsky 2001). Currently, vitrification is a uniquely suitable 
method for the long-term storage of porcine embryos. Since the development of the porcine 
open pulled straw (OPS) vitrification technology (Vajta et al. 1997), numerous factors have been 
studied to improve the survival of the vitrified/warmed embryos. These factors include the stage of 
embryonic development, the embryo pre-treatments (e.g., delipidation, cytoskeletal stabilization, 
and centrifugation), the vitrification containers, the cooling and warming rates, the cryoprotectant 
toxicity and concentration, and the composition of the vitrification and warming solutions (reviewed 
in Dobrinsky 2001, Berthelot et al. 2003, Martinez et al. 2005, Cameron et al. 2006).

From a practical standpoint, two important aspects should be emphasized. First, for hygienic 
reasons, the transportation is restricted to embryos with an intact zona pellucida. Therefore, the 
most appropriate stages for commercial ET are the morula and unhatched blastocyst. Second, 
cryopreservation protocols requiring no special embryo pre-treatments are the most suitable for 
commercial purposes. Post-warming, in vitro survival rates of 40–70% were initially reported 
with untreated morulae and blastocysts vitrified using the OPS method (reviewed in Berthelot 

Table 4 Survival rates and final developmental stages of porcine morulae/early blastocysts cultured for 24 h in 
different media and temperatures (means ± SEM).

Culture media

TL-HEPES-PVA NCSU-HEPES-BSA Control*

Temperature (°C) 25 37 25 37 38.5

No. of embryos 59 57 58 58 31

Embryo stage (0 h)** 1.4 ± 0.1 1.4 ± 0.1 1.4 ± 0.1 1.4 ± 0.1 1.5 ± 0.1

Survival rate (%) 54.2 ± 4.5a 89.5 ± 4.5b 82.8 ± 4.5b 96.6 ± 4.5b 100 ± 6.1b

Embryo stage (24 h) 2.6 ± 0.1ª 3.1 ± 0.1b 2.5 ± 0.1ª 3.1 ± 0.1b 4.3 ± 0.1c

*NCSU23-BSA-fetal calf serum medium at 38.5 °C in an atmosphere of 5% CO2 in air.
**The embryo stage at 0 and 24 h of culture was scored as follow: 1, morula; 2, early blastocyst; 3, full blastocyst; 
4, expanded blastocyst; 5, hatching or hatched blastocyst. a,b,c, Means with different superscripts within the same 
row differ (P < 0.05).

Table 5 In vivo development of the porcine blastocysts derived from morulae/early blastocysts cultured for 24 
h in TL-HEPES-PVA medium at 37 °C after the non-surgical deep-uterine transfers of 30 embryos to each of the 
asynchronous (+24 h) recipients.*

Culture period (h)

0 h (control)** 24 h***

No. of recipients 18 19

Pregnancy rate (n/%) 17 (94.4) 17 (89.5)

Farrowing rate (n/%) 16 (88.9) 17 (89.5)

Total born (mean ± SEM) 9.3 ± 0.9 8.7 ± 0.7

Born alive (mean ± SEM) 8.8 ± 0.7 8.3 ± 0.8

*TL-HEPES medium at 37 °C was used for collection, handling, culture, and transfers. 
**Full blastocysts were collected and transferred to recipients within 3 h of collection. 
***Morulae/early blastocysts were cultured for 24 h, and the resultant blastocysts were transferred to the recipients.
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et al. 2003, Cameron et al. 2006). Our laboratory and others have since obtained improved 
survival rates using untreated vitrified embryos (Table 6) so that similar survival rates have been 
reported for these embryos and their fresh counterparts (Sanchez-Osorio et al. 2010a). This finding 
confirms the results of another study indicating that the embryos require no pre-treatment prior 
to vitrification (Cuello et al. 2010). 

Table 6 Reports concerning post-warming in vitro survival of untreated porcine embryos prior to vitrification 
since 2007.

Embryonic stage Method* Embryos vitrified (n) Survival (%) Reference

Morula SOPS 91 79.1 Sanchez-Osorio et al. 2008

MMV 40 55.0 Fujino et al. 2008

SOPS 37 80.0 Sanchez-Osorio et al. 2010a

Unhatched 
Blastocyst

OPS 128 67.0 Berthelot et al. 2007

SOPS 115 81.7 Sanchez-Osorio et al. 2008

MMV 32 84.4 Fujino et al. 2008

MVC 82 70.7 Sakagami et al. 2010

PFV 81 79.0 Sakagami et al. 2010

SOPS 61 96.8 Cuello et al. 2008

SOPS 44 86.4 Cuello et al. 2010

SOPS 27 98.4 Sanchez-Osorio et al. 2010a

OPS/SOPS 797 92.0 Sanchez-Osorio et al. 2010b 

SSV 47 98.0 Beebe et al. 2011

SOPS 60 93.3 Gomis et al. 2012

*OPS: open pulled straw; SOPS: super-fine OPS; MMV: metal mesh vitrification; MVC: minimum volume cooling; 
PVF: pullulan film vitrification; SSV: solid surface vitrification

Despite the advances achieved in the vitrification protocols, few reports on the in vivo survival after 
the surgical transfer of vitrified untreated morulae and blastocysts have appeared in last decade 
(Table 7). Although results from our laboratory indicate that these embryos are able to survive 
in vivo and yield acceptable farrowing rates (75%) and litter sizes (9.9 piglets) when surgically 
transferred to the recipients, the further development of NsDU ET in combination with embryo 
vitrification could allow the widespread use of both technologies in the pig industry. 

From a technical perspective, our laboratory has recently improved both methodologies. We 
demonstrated that morulae and blastocysts can be vitrified and warmed via SOPS in a chemically 
defined medium with no adverse effects on the in vitro survival (Sanchez-Osorio et al. 2010a). 
We have also simplified the conventional three-step warming procedure and developed a direct 
warming procedure (one-step dilution) for morulae and blastocysts vitrified via the OPS (Cuello 
et al. 2004a, Sanchez-Osorio et al. 2008) and SOPS (Gomis et al. 2012) methods. An acceptable 
farrowing rate (42.9%) and litter size (5.4 piglets) were achieved when the one-step warming 
was combined with the OPS vitrification method and NsDU ET (Cuello et al. 2005). Recent 
modifications to the one-step warming method have yielded a promising farrowing rate (50%) 
and litter size (10.4 piglets) after the NsDU ET of SOPS-vitrified morulae and blastocysts (Gomis 
et al. 2012). The results provided herein confirm that, despite the improvements over the past 
decade, more research is needed to increase the reproductive performance of the recipients 
when vitrification and NsDU ET are combined. 
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Conclusion

Non-surgical deep uterine ET is a simple, safe, effective and practical procedure that allows the 
commercial use of ET technology in the pig industry. Farrowing rates and litter sizes of 80% and 
9.5 piglets, respectively, can be expected when using fresh morulae and blastocysts cultured for 
0–6 h or fresh morulae/early blastocysts cultured for 24 h. Although this culture time permits the 
international transport of embryos from the donor to the recipient farm, cryopreserved embryos 
are preferred because they can be stored indefinitely and used when necessary. Vitrification 
techniques continue to be improved. Currently, a high percentage (80–95%) of untreated 
morulae and blastocysts survive the vitrification and warming procedures. High farrowing rates 
(75%) and litter sizes (10 piglets) can also be obtained when the vitrified-warmed embryos are 
surgically transferred into the recipients. Unfortunately, when embryo vitrification and NsDU 
ET are combined, the farrowing rates are lower (50%), although the litter sizes are maintained. 
Additional studies are currently being conducted on the factors affecting the in vivo survival 
after the NsDU transfer of vitrified embryos including the number of embryos transferred, the 
type of recipient (gilts or sows), and the administration of anti-prostaglandins to the recipients. 
The results from these and other studies will contribute to the widespread use of ET by the pig 
industry in the near future.
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Table 7 Reproductive performance of the recipients after surgical transfer of vitrified porcine blastocysts.

Recipients 
(n)

Embryos 
transferred (n)

Pregnancy/
farrowing (%)

Fetuses/
piglets born

Reference

5 30–36 100/40 8.5 Misumi et al. 2003

20 20 80* 6.0* Cuello et al. 2004b

20 25–30 80/75 8.2 Cameron et al. 2004

7 28–30 71.4* 7.2* Beebe et al. 2005

40 20–30 57.3* 8.3* Berthelot et al. 2007

6 23–27 83.3/83.3 5.2 Beebe et al. 2011

3 21–26 100/100 9.6 Matsunari et al. 2012

48 20–30 83.3/75.0 9.9 EA Martinez, C Cuello, MA Gil & J Roca, 
unpublished observations

*Data obtained at days 30–40 of pregnancy.
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