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1. Introduction

Embryo transfer has become an important reproduc-
tive tool in many equine breeding programs through-
out the world today. It is commonly utilized to
produce multiple foals in a season from a particular
mare, to produce foals from mares involved in some
other activity such as showing or racing, and to produce
foals from mares otherwise unable to successfully carry
a foal to term. Surgical embryo transfer via flank
laparotomy has been accepted as providing higher preg-
nancy rates than other methods, with an anticipated
75–80% of transfers resulting in pregnancies.1 The
time, expense, and personnel necessary for surgical
transfer have led to increasing interest in nonsurgical
transcervical embryo transfer inrecentyears. Improve-
ments in technique combined with operator experience
have yielded sometimes inconsistent results, with preg-
nancy rates of 50–75%, approaching those of surgical
transfer.2 This paper will report the results of a
nonsurgical technique used in a commercial embryo-
transfer program during the 1998 breeding season.

2. Materials and Methods

Fifty-five mares of various breeds were presented by
clients for embryo recovery and transfer. Fifteen of

these mares had no history of reproductive problems
and were presented simply to produce multiple
pregnancies; 10 show mares were presented to pro-
duce foals while still showing; and 30 mares were
admitted with a history of infertility. All mares
were bred via artificial insemination, 5 with fresh
semen, and the remainder with transported fresh-
cooled or frozen semen. Embryo-collection flushes
were performed 7 days after ovulation with a 30F
silicone balloon catheter. The uterus was flushed
with three successive liters of Dulbecco’s phosphate-
buffered saline (PBS) with 1% fetal calf serum
containing 100 U/ml of sodium penicillin and 100
µg/ml of streptomycin sulfate. After initial infu-
sion, each liter was drained from the uterus through
a 75-µm embryo-recovery filter.a The uterus was
manipulated per rectum to maximize fluid contact
with the endometrium and fluid recovery. Larger
volumes of PBS (1.5–2 liters per infusion) were
utilized in mares that had particularly large uteri.
Each mare was administered a luteolytic dose of
prostaglandin at the completion of the flushing
procedure. The contents of the filter were emptied
into a gridded petri dish, and the filter rinsed with 35
ml of fluid with the same composition as the PBS
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mixture used for embryo recovery. The petri dish
was searched for embryos under 10–403 magnifica-
tion using a dissecting stereomicroscope. Recov-
ered embryos were rinsed in PBS containing 10%
fetal calf serum with 1000 U/ml sodium penicillin
and 1000 µg/ml streptomycin sulfate; they were then
loaded into a 0.5-ml wick and powder semen straw,
with the embryo surrounded by fluid and air dams.
The straw was loaded into a 21- or 25-inch dispos-
able cassou-type embryo-transfer gunb for transfer
to a recipient mare.

The recipient herd consisted of mares from three
to ten years of age representing many breeds, but
predominantly of quarter horse type. The recipi-
ents were selected for inclusion in the program on
the basis of age, size, manageability, and continuing
normal results of daily ultrasound examinations.
Uterine cultures and biopsies were performed only if
findings of history or ultrasound examination were
abnormal. A recipient mare that ovulated after a
normal cycle from 1 day before the donor (11 degree
of synchrony) to 5 days after (25 degrees of syn-
chrony) the donor would be selected for transfer.
At the time of transfer, recipient mares were re-
strained in stocks, tranquilized with 300 mg xyla-
zine, and given 15 mg of terbutaline sulfate, 500 mg
of flunixin meglumine, 40 mg of dexamethasone
sodium phosphate, and 1 g of gentamicin sulfate IV.
Ten million units of procaine penicillin G were
administered IM. The tail was restrained and the
perineum scrubbed with a solution of 0.4% chlorhexi-
dine and 1% isopropyl alcohol. The embryo-trans-
fer gun was guarded with the sleeved hand (no
sterile chemise was used) and passed into the ante-
rior vaginal vault. The cervix was not dilated with
the operators finger, but was aligned axially with the
mare by grasping it with the second, third, and
fourth fingers. The embryo-transfer gun was ad-
vanced carefully while the cervix was gently manipu-
lated to facilitate advance of the gun. When the
gun could be advanced no farther, the operator’s
sleeved hand was removed from the vagina, and the
uterus was gently manipulated rectally to allow the
gun to be advanced well into either uterine horn.
After transfer, the recipient mares were examined
with ultrasound for pregnancy on day 12 (5 days
after transfer), day 14, day 30, and immediately
before being shipped to the client.

In addition, 25 cooled embryos collected by refer-
ring veterinarians were shipped to the facility for
transfer. Embryos were shipped cooled via air cou-
rier in Ham’s F-10 gassed with 5% carbon dioxide
and supplemented with 10% fetal calf serum with
1000 U/ml sodium penicillin and 1000 µg/ml strepto-
mycin sulfate. All embryos were transferred less
than 18 h after recovery. Recipient selection crite-
ria and embryo-transfer techniques were unchanged.

3. Results

Overall embryo recovery rate was 44.5%, or 98
embryos recovered from 220 flushes. Show mares

had the highest recovery rate, while mares pre-
sented for infertility had the lowest rate (Table 1).
Pregnancies were established from 82.9% of the
transferred embryos (102/123). No significant (p $
0.05) difference was observed in pregnancy rate for
transported embryos versus embryos harvested on
site. Grade 1 or 2 embryos had significantly (p #
0.05) higher pregnancy rates than grade 3 embryos
(Table 2). Neither degree of recipient mare syn-
chrony (Table 3) nor embryo morphological stage
(Table 4) was significantly associated with preg-
nancy rates (p $ 0.05). Total pregnancy loss was
12.7%, with the greatest losses occurring before 30
days of gestation. Pregnancy loss was more com-
mon in grade 3 embryos (Table 5).

Several adverse effects of the use of IV terbutaline
were noted. Heart rate quickly increased to approxi-
mately 90 beats/min in treated recipients. Most
mares exhibited a dry cough and sweating was
increased over that normally seen in xylazine tran-
quilized mares. Adverse effects lasted 20–30 min
and did not require additional treatment.

4. Discussion

Several reasons for decreased pregnancy rates fre-
quently seen in nonsurgical versus surgical transfer
have been suggested. These include local inflamma-
tory response, embryo expulsion, pipette-induced
trauma, site of deposition, and embryo damage
during transfer.3 Distinct operator-related differ-
ences have been noted as well as the benefit of
operator experience.4 The pregnancy rates re-
ported in this clinical study suggest that nonsurgical

Table 1. Embryo Recovery Rate

Embryos/Attempt % Recovery

Mares presented for
Show 16/19 84.2a

Multiple Foals 43/72 59.7a,b

Infertility 39/130 30b

Overall recovery 98/220 44.5a,b

a,bRecovery rates designated by different superscripts differ
significantly ( p # 0.05).

Table 2. Transfer Success Rates

Pregnancies/
Transfers

Percentage
Pregnant

In-clinic
Grades 1 & 2 77/89 86.5a

Grade 3 4/9 44.4b

Total in-clinic 81/98 82.6a,b

Transported Embryos
Grades 1 & 2 19/22 86.3c

Grade 3 2/3 66.7c

Total, Grades 1 & 2 96/111 86.5d

Total, Grade 3 6/12 50e

Overall Total 102/123 82.9d,e

a–eTransfer success rates designated by different superscripts
differ significantly ( p # 0.05).
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embryo transfer can result in pregnancy rates compa-
rable or superior to surgical transfer. Increased
uterine contraction rates in women receiving em-
bryos have been linked to decreased pregnancy rates
when compared with women with fewer uterine

contractions.5 The successful use of the tocolytic
agent terbutaline suggests stimulation of uterine
contractions may be detrimental to retention of the
embryo in the uterus. Initiation of contractions by
manipulating the cervix of the recipient mare and
stimulation of the uterus itself with the embryo-
transfer gun may be responsible for the active expul-
sion of the transferred embryo. Further research
will be necessary to determine the true effect, if any,
of uterine contractions in embryo transfer, as well as
the effect of tocolytic agents such as terbutaline.

A wider range of degree of synchrony between
donor and recipient ovulation days was utilized in
this protocol than most programs.6 Synchrony of
11 to 23 is most typically used, but in this group
synchrony up to 25 provided acceptable rates. The
flexibility provided by this larger window of syn-
chrony made selection of an appropriate recipient
easier.
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Table 4. Morphology of Grade 1 and 2 Embryos

Morphology
Pregnancies/

Transfers
Percentage
Pregnant

Morula 8/10 80
Early blastocyst 17/18 94.4
Expanded blastocyst 61/72 84.7
Large expanded blastocyst 10/11 90.9

Table 5. Pregnancy Losses

Gestational
Age Embryo Grade Losses/Pregnancies

Percentage
Lost

,30 days 1 & 2 7/96 7.29a

3 3/6 50b

.30 days 1 & 2 3/89 3.4
3 0 0

Total 1 & 2 10/96 10.4c

3 3/6 50d

All embryos 1, 2, & 3 13/102 12.7

a–dPregnancy loss rates designated by different superscripts
differ significantly ( p # 0.05).

Table 3. Effect of Synchrony, Grad e 1 & 2 Embryos

Degree of
Synchrony

Pregnancies/
Transfers

Percentage
Pregnant

11 13/15 86.6
0 26/30 86.6

21 12/14 85.7
22 18/19 94.7
23 17/18 94.4
24 5/9 55.6
25 5/6 83.3
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