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KEY POINTS

� Presynchronization of estrous cycles using prostaglandin F2a (PGF2a) injections before the
standard Ovsynch timed AI program produces a greater percentage of inseminations re-
sulting in pregnancy.

� Presynchronization programs incorporating gonadotropin-releasing hormone (GnRH) and
PGF2a improve pregnancy outcomes at first service compared with standard Presynch
PGF2a programs.

� Resynchronization programs that include administering GnRH 7 days before starting
a Resynch-Ovsynch program improve pregnancy outcomes compared with a standard
Resynch-Ovsynch programs alone.

� In resynchronization programs, PGF2a facilitates estrus expression and reduces the
proportion of cows requiring timed AI; GnRH administration inhibits estrus expression
and increases the proportion of cows requiring timed AI.

� Five-day timed AI programs can produce acceptable pregnancy outcomes in replacement
dairy heifers.
INTRODUCTION

Overall pregnancy risk of lactating dairy cows in North America has decreased since
the 1950s,1 whereas annual milk yield per cow has increased nearly 4-fold from 5313
to 20,576 lb. Based on a sample of less-productive dairy cows in the United Kingdom,
fertility also decreased from 1975 to 1982 and from 1995 to 1998.2 During that period,
conception risk after first services decreased from 56% to 40% despite similar inter-
vals to first service, whereas calving intervals increased from 370 to 390 days. Given
this potential inverse relationship between milk yield and fertility, it is no wonder that a
genetic antagonism may exist between some reproductive traits and milk yield, which
is manifested particularly in first lactation cows.
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Since 2000, an apparent change in the genetic estimate of daughter pregnancy rate
has occurred.3 For every unit increase or decrease in daughter pregnancy rate
(a value derived from days open), the 21-day pregnancy rate (proportion of breeding
eligible cows that become pregnant every 21 days) of a sire’s daughters increase or
decrease by 1%. During the past decade, while milk yield continues to increase, a
dramatic increase of approximately 5% in daughter pregnancy rate has occurred,
which should translate into a reduction of 20 days open for their daughters when
they become cows.
Although benefits of improving reproduction are apparent, specific causes of poor

reproductive performance are difficult to identify and not easily resolved. To improve
reproductive efficiency, the limiting factors must be identified. In earlier days,
detecting estrus was the major limitation to achieving a pregnancy. Today, to maxi-
mize the chances of a renewed pregnancy for every heifer and cow that calves
requires attention to a number of important time-dependent components of the
estrous cycle of cows during the voluntary waiting period and in the active AI
breeding period. Some of these solutions are found in improved rates of detected
estrus and strategic application of hormones to manipulate ovarian follicular growth,
corpus luteum (CL) life span, ovulation, and time of semen placement in various
fixed timed AI programs.
VOLUNTARY WAITING PERIOD

A number of physiologic changes, including uterine involution and recrudescence of
ovarian follicular waves and normal estrous cycles, must occur early postpartum to
facilitate good fertility at first AI breeding. Many factors affect these outcomes,
including but not limited to body condition, energy balance (milk yield and dry matter
intake), parity, season, and disease.3

A recent review3 reported that most dairy cows have emergence of their first post-
partum ovarian follicular wave between 5 and 10 days postpartum, with 50% to 80%
of cows ovulating the first dominant follicle.

� First ovulation occurs between 15 and 25 days postpartum and is uncommonly
preceded by estrus.

� More than 70% of cycles are short after first ovulation.
� First estrus occurs between 25 and 45 days postpartum. Most dairy cows have
2 follicular waves per cycle.

� Regulators of luteinizing hormone pulse frequency necessary to induce first post-
partum ovulation include increasing energy balance, body condition and weight
at calving, increasing dry matter intake, and absence of disease.
TIMED ARTIFICIAL INSEMINATION PROGRAMS BEFORE FIRST SERVICES FOR
LACTATING DAIRY COWS
Ovsynch

The most common timed AI system is a 7-day Ovsynch (Fig. 1). Some variations have
included a 5-day programwith doses of prostaglandin F2a (PGF2a) given on days 5 and
6 and timed AI on day 8 (0–16 hours after the second gonadotropin-releasing hormone
[GnRH] injection; see Fig. 1). In the peer-reviewed literature,4 hundreds of articles have
cited the original Ovsynch article (Google Scholar 5 860; Web of Science 5 557), and
numerous articles use the term Ovsynch in the title (n5 76) or in the abstract (n5 256).
Obviously, the “Ovsynch” term and technology have become an integral part of bovine
research and of the dairy cattle industry during the 20 years since the original



Fig. 1. Thebasicovulation synchronization timedartificial insemination (AI) program is known
asOvsynch. It consists of a gonadotropin-releasing hormone injection (GnRH; 100 mg) to induce
an luteinizing hormone surge to cause ovulation followed in 5 or 7 dayswith prostaglandin F2a
(PGF2a [PG]; 1 injection for the 7-day program or 2 injections for the 5-day program; 24 hours
apart) to lyse the corpus luteum or corpora lutea before a second dose of gonadotropin-
releasing hormone (GnRH) is administered (56 hours after PGF2a for the 7-day [Ovsynch-56]
or 48 hours after the second PGF2a for the 5-day program [Cosynch-72]) and timed AI (TAI)
occurs at 72 hours after the first (5-day) or only (7-day) PGF2a injection. Progesterone supple-
mentation can be applied via an intravaginal progesterone-releasing controlled internal
drug release (CIDR) insert.
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publication. A recent review of ovulation synchronization for management of repro-
duction in dairy cows provides insights into current methods and limitations.5

Presynchronization Prostaglandin F2a Programs

Early studies indicated that pregnancy outcomes at first AI service after calving
might be improved when cows were at specific stages of the estrous cycle before
initiating a timed AI program. Cows beginning the timed AI program on days
5 through 12 of the estrous cycle had greater ovulatory responses to GnRH admin-
istration and greater fertility than cows at other stages of the estrous cycle.6 Early
studies7,8 tested whether estrous cycles could be staged in cows to meet this ideal
by applying 2 injections of PGF2a administered 14 days apart and then initiating the
timed AI program 12 days after the second PGF2a injection (named Presynch-12;
Fig. 2). The Presynch-14 program also was superior to Ovsynch alone for timed
AI pregnancy outcome.9

Various permutations of the standard Presynch have been applied (eg, Presynch-
14, Presynch-11, and Presynch-10) where the 2 injections of PGF2a were consistently
administered 14 days apart, but the interval from the last injection to the onset of the
timed AI program was either 14, 11, or 10 days, respectively (see Fig. 2). The interval



Fig. 2. Estrous cycles can be presynchronized (Presynch) in lactating dairy cows with 2 injec-
tions of prostaglandin F2a (PG) administered 14 days apart to ensure that a large proportion
of cows are between days 5 through 12 of the estrous cycle at the initiation of the timed arti-
ficial insemination (AI; Ovsynch) program for first postpartum AI. Various intervals between
the second PG injection and the onset of Ovsynch have been attempted (10–14 days). Studies
verify that 10 or 11 days are more ideal relative to pregnancy outcomes as shown by the
stage of the estrous cycle at which a large proportion of cows are in at the onset of Ovsynch.
Pregnancy risk is increased when presynchronization is applied compared with cows starting
the Ovsynch program at random stages of the estrous cycle. Anovulatory cows (those that
have not initiated estrous cycles before the presynchronization) can still become pregnant
if they ovulate in response to gonadotropin-releasing hormone (GnRH-1 or GnRH-2).
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between the second Presynch PGF2a injection and the onset of Ovsynch determines
the stage of the cycle at the onset of Ovsynch (see Fig. 2).
In nearly all published studies, these Presynch PGF2a systems have produced

improved pregnancy outcomes in cows than in those submitted to the timed AI
program at random stages of the estrous cycle without Presynch (Table 1). Overall,
lactating dairy cows exposed to Presynch PGF2a programs for presynchronization
have 42% greater odds of pregnancy compared with cows receiving only the timed
Table 1
Pregnancy risk in dairy cows exposed to a 7-day timed AI program (Ovsynch) at first
postpartum AI with or without estrous cycles presynchronized (Presynch) before timed AI
program

Program

Pregnancy Risk 32–45 d After AI

No. of StudiesStudy Average, % Study Weighted Average, %

Ovsynch alone 35.4 35.7 (828)a 4

Presynch 1 Ovsynch 46.5 46.5 (843) 4

a No. of cows.
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AI program.5 Furthermore, improved pregnancy outcomes were reported in cows
treated with Presynch-11 than Presynch-14 before a timed AI program,10 probably
because more cows were at the ideal stage of the cycle after Presynch-11 treatment
(see Fig. 2). Further shortening the interval between Presynch and Ovsynch, however,
may reduce pregnancy outcomes.11 An additional benefit of Presynch PGF2a
programs is the flexibility of choosing to inseminate cows detected in estrus after
PGF2a rather than waiting to inseminate after the Ovsynch protocol.12–14

Presynchronization Gonadotropin-releasing Hormone Programs

The major limitation to Presynch PGF2a programs is their inability to improve fertility in
anovular cows—those that have not initiated estrous cycles since calving, which may
represent up to 41% of dairy cows at the end of the voluntary waiting period.5

Including GnRH administration in addition to injections of PGF2a increases the odds
for pregnancy by 1.65 times5 and has resulted in new presynchronization systems
(eg, Double Ovsynch, PG-3-G, and G-6-G; Fig. 3). In some cases, Double
Ovsynch15,16 and PG-3-G17 may produce greater pregnancy outcomes than the
2 standard Presynch PGF2a variants (Presynch-12 or Presynch-10). The PG-3-G pro-
gram produced improved timed AI pregnancy outcomes during summer than
Presynch-10.17 These Presynch GnRH programs cause a large proportion of cows
to be at the most ideal stage of the cycle to initiate Ovsynch (days 6–8; Fig. 4).
ImprovedpregnancyoutcomesofPresynchGnRHprogramsmaybe realized in herds

where more cows are anovulatory when submitted to the timed AI programs before
Fig. 3. Estrous cycles can be presynchronized in lactating dairy cows by 3 different presynchro-
nization programs consisting of a combination of prostaglandin F2a (PG) and gonadotropin-
releasing hormone (GnRH) to ensure that a large proportion of cows are on days 5 through
8of theestrous cycle at the initiationof the timedartificial insemination (AI; Ovsynch) program
for first postpartumAI. Thebenefits of thepreGnRH include initiatingovulation inanovulatory
cows, improving follicular synchrony, and increasing progesterone concentrations in cows at
the initiation of Ovsynch. Pregnancy risk is increased when presynchronization is applied
compared with cows starting the Ovsynch program at random stages of the estrous cycle.
Anovulatory cows (those that have not initiated estrous cycles before the presynchronization)
can still become pregnant if they ovulate for the first time since calving in response to the pre-
GnRH, GnRH-1, or GnRH-2. TAI, timed artificial insemination.



Fig. 4. An example of how presynchronization with prostaglandin F2a (PG) and
gonadotropin-releasing hormone (GnRH) can cause a large proportion of cows to be on
days 5 through 8 of the estrous cycle at the initiation of the timed artificial insemination
(AI; Ovsynch) program for first postpartum AI. Anovulatory cows (those that have not initi-
ated estrous cycles before the presynchronization) can respond to the presynchronization
GnRH injections to initiate their first estrous cycle and later become pregnant if they ovulate
in response to (GnRH-2). TAI, timed artificial insemination.
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first AI services. For example, Double-Ovsynch decreased the percentage of cows
with low circulating progesterone concentrations (<0.50 ng/mL) at GnRH-1 (12.0% vs
30.1%) and increased the percentage of cows with medium progesterone concentra-
tions (0.50 < progesterone � 3.0 ng/mL) at GnRH-1 (80.0% vs 57.0%), and with a CL
at GnRH-1 (94.0% vs 67.8%). Double-Ovsynch also increased the percentage of
cowswith high progesterone (>3.0 ng/mL) at PGF2a (88.0%vs 76.3%) and tended to in-
crease average circulating progesterone at PGF2a (3.52� 0.17 vs 3.09� 0.21 ng/mL).18

Similar progesterone and CL responses were reported for PG-3-G,19 in addition to
both programs tending to or increasing the percentage of cows ovulating to GnRH-1
and GnRH-2.18,19 Thus, Presynch options that included GnRH administration induced
ovulation in noncycling cows and seemed to improve most aspects of synchronization
before or during the Ovsynch protocol. Cows that lack a CL at the first GnRH admin-
istration of the timed AI program, which includes anovular or cycling cows treated dur-
ing proestrus, estrus, and metestrus, have reduced concentrations of progesterone
compared with cows with a CL. These groups of cows may represent approximately
30% to 40% of cows subjected to timed AI and are those that have the poorest preg-
nancy outcomes to timed AI.

Presynchronization Five-day Programs

Ovulation to the first GnRH injection improves synchronization of the estrous cycle and
reduces the period of follicular dominance, both factors are associated with improved
pregnancy outcomes.6,20 As a result, studies comparing 5- versus 7-day Ovsynch
-programs in dairy cows20 (see Fig. 1) reported greater percentages of cows to be
pregnant when inseminated following the 5- than the 7-day programs because proes-
trus is prolonged and follicular dominance is reduced in more cows exposed to the
5-day Ovsynch program. Recent unpublished studies in which cows exposed to either
the 5- or 7-day program, pregnancy risk did not differ when both groups of cows
received a standard dose of PGF on days 5 and 6 in the 5-day program or on days
7 and 8 in the 7-day program.
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One limitation to the 5-day program is the inability of a single dose of PGF2a to
induce complete CL regression in all cows (particularly a “new” CL that resulted
from GnRH-induced ovulation). Therefore, 2 doses of PGF2a are required (one on
day 5 and another on day 6; see Fig. 1) to optimize luteal regression by either
PGF2a or by one of its analogs.21 Even larger single doses administered on day 5
were less effective than 2 doses (Table 2).
Comparisons of various Presynch programs before the 5-day timed AI program

showed that G-6-G produced pregnancy outcomes superior to Presynch 14 to 11
when Cosynch-72 was used.22 When Presynch-12 was applied before timed AI, the
percentage of cows pregnant was similar after both Cosynch-58 and Cosynch-72
programs (see Table 2).23 Comparison of 2 Presynch programs and 2 times for admin-
istering the second GnRH injection and timed AI (58 vs 72 hours) produced no signif-
icant difference in pregnancy outcomes at day 30 after timed AI (Table 3).23 At day 65
after timed AI, however, fewer cows treated with Presynch-10 and injected with GnRH
and inseminated at 58 hours were pregnant compared with those injected with GnRH
and inseminated at 72 hours. In contrast, no such differences were detected when
cows were exposed to Double Ovsynch before the timed AI program.
Increasing doses (100 to 200 mL) of GnRH in 7-day Ovsynch programs have not

increased the percentage of inseminated cows that are determined to be pregnant,
although slightly more cows ovulated in response to GnRH-1. Applying 2 doses of
PGF2a 24 hours apart on days 7 and 8 in a 7-day program or increasing a single
dose on day 7 by 50% also did not improve pregnancy risk (see Table 3), although
slightly more CL regressed completely before timed AI. A recent report involving mul-
tiple herds, however, confirmed that pregnancy risk was increased by 3 percentage
points when cows exposed to the 7-day program received a standard dose of
PGF2a on days 7 and 8 compared with only 1 dose on day 7.24

Programs Including Progesterone

A review of the literature (meta-analysis) indicates that use of a single progesterone
intravaginal controlled internal drug release (CIDR) insert administered during the period
between the first GnRH injection and the PGF2a of the timed AI protocol increased the
Table 2
Pregnancy risk in dairy cows exposed to a 5-day timed AI program (Ovsynch) based on the
number of doses of PGF2a

Programa

Pregnancy Risk 30–32 d After AI

No. of StudiesStudy Average, % Study Weighted Average, %

Doses of PGF2a

1 31.8 32.7 (694)c 3

2 41.4 42.1 (691) 3

Two doses of PGF2a

Cosynch-58b 52.9 50.7 (1144) 3

Cosynch-72b 52.4 52.4 (3094) 5

Abbreviations: AI, artificial insemination; GnRH, gonadotropin-releasing hormone; PGF2a, prosta-
glandin F2a.

a Labeled dose of PGF2a on day 5 or one labeled dose on days 5 and 6 of a 5-day Ovsynch
program (see Fig. 1).

b Cosynch-58 or Cosynch-72 5 second GnRH injection and timed AI occur at 58 or 72 hours after
the first PGF2a injection, respectively.

c No. of cows.



Table 3
Pregnancy risk in dairy cows exposed to a 7-day timed AI program (Ovsynch) based on the
number of doses of PGF2a

Doses of PGF2a
a

Pregnancy Risk 39–65 d After AI

No. of
Studies

Study
Average, %

Study Weighted
Average, %

Labeled dose 46.6 43.8 (506)b 2

50% increase or 2 doses 24 h apart 48.1 47.5 (643) 2

Abbreviations: AI, artificial insemination; PGF2a, prostaglandin F2a.
a Labeled dose of PGF2a on day 7; 50% increase in labeled dose, or labeled dose on day 7 and 8 of

a 7-day Ovsynch program (see Fig. 1).
b No. of cows.
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percentage of pregnant cows at day 60 after AI compared with untreated controls
(34.2% vs 29.6%), and the benefit from progesterone supplementation was similar
for cows with and without a CL.25 In general, therefore, pregnancy risk was greater
for cows treatedwith progesterone than for controls (Table 4). Nevertheless, pregnancy
risk for cows without CL treated with a single insert was 10.5% less than that of un-
treated cows that had a CL at the initiation of the timed AI program (29% vs 32%).
Cows benefitting the most from supplemental progesterone are those that are

anovular or not in diestrus at the onset of the timed AI program. Incorporating a single
progesterone insert as part of a timed AI program increased fertility in cows that
lacked a CL at the first GnRH injection, but did not restore fertility to the same level
as those cows starting the timed AI program in diestrus. This difference is likely related
to the difference in amount of progesterone released by a CL during diestrus and a
single progesterone insert.
Several recent studies targeted potential problem cows for supplemental progester-

one administration as part of timed AI programs. Ovaries were examined for the pres-
ence of a CL by ultrasound at the beginning of Ovsynch after earlier treatment with
2 injections of PGF2a 14 days apart.26 Cows without a CL were treated with Ovsynch
with or without progesterone via a CIDR insert. Cows with a CL served as a control.
Percentage of cows without a CL diagnosed pregnant at 33 days after timed AI
increased from 24.3% to 32.3% when treated with progesterone; 38% of control
cows with a CL became pregnant. In another study,27 cows without a CL at the onset
of a 5-day Ovsynch program were treated with 2 CIDR inserts concurrently and
pregnancy risk was compared with contemporary no-CL cows and cows in diestrus
(bearing a CL). Pregnancy outcome at 32 days after timed AI did not differ between
Table 4
Pregnancy risk of dairy cows exposed to a 7-day timed AI program (Ovsynch) before first
postpartum AI with or without progesterone

Programa

Pregnancy Risk 27–40 d After AI

No. of StudiesStudy Average, % Study Weighted Average, %

Control 34.6 33.2 (3459)b 11

Progesterone (CIDR)a 39.4 37.6 (3562) 11

Abbreviations: AI, artificial insemination; PGF2a, prostaglandin F2a.
a Cows were treated with various ovulation synchronization programs, eight of which also

included presynchronization programs. Progesterone-releasing intravaginal controlled internal
drug release (CIDR) inserts were applied during 7 days beginning at GnRH-1 and removed when
PGF2a was administered (see Fig. 1).

b No. of cows.
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cows with a CL and those treated with 2 CIDR inserts (49.9% and 46.8%, respec-
tively), but were greater than untreated, no-CL cows (30.8%).
The same design used in a 7-day Ovsynch program produced similar results.28

Cows without a CL and treated with 2 CIDR inserts had greater pregnancy risk at first
service than no-CL control cows (42.2% vs 31.1%), and pregnancy risk in the 2-CIDR
no-CL cows did not differ from that in control cows starting treatment in diestrus
(42.2% vs 38.4%), respectively.
REPEAT SERVICE (RESYNCHRONIZATION) PROGRAMS FOR LACTATING DAIRY COWS
Early Not Pregnancy Diagnosis

Increased efficiency of reproduction occurs when not pregnant status in previously
inseminated cows is determined as soon as possible.29 Means to detect not pregnant
status relatively soon after insemination includes the following.

� Monitoring of blood concentrations of progesterone or commercially available
kits to measure blood or milk pregnancy-associated glycoproteins (ie, PAGs);

� Presence of estrus determined by visual heat detection, heat detection aids, or
by using other electronic methods (pressure-sensitive, rump-mounted transmit-
ters or physical activity monitors); and

� Absence of uterine fluid, CL, and embryo via transrectal ultrasonography.

Early detection of not pregnant status facilitates earlier reinsemination of nonpreg-
nant (open) cows. Although detection of pregnancy status earlier is associated with
improved overall herd fertility measures, more embryo loss is observed than if preg-
nancy status was detected later. Methods to facilitate reinsemination of open cows
are described hereafter.
Original studies reporting timed AI programs initiated in cows diagnosed not

pregnant (NPD) involved starting either a 5- or 7-day Ovsynch program in cows on
the day of NPD. When using transrectal ultrasonography to diagnose pregnancy on
a weekly basis, it is common that one evaluates cows that were inseminated 30 to
36 days before the NPD. If the NPD falls on a Monday, then most cows that received
a timed AI on Thursday would be day 32 of pregnancy. If transrectal palpation were
used for pregnancy diagnosis, then a common interval for days because last AI would
fall between days 37 and 43, with most cows receiving a timed AI falling on day 39.
Starting cows in a timed AI Resynch-Ovsynch program at NPD often falls on either
day 32 or 39 for most of the cows, depending on the method of pregnancy diagnosis.

Presynchronization Before Resynchronization

In some herds, cows NPD are started on a timed AI program on the day of NPD. In
other herds, to reinseminate cows sooner after an NPD, the first GnRH injection of
the timed AI is administered to all cows eligible for the next pregnancy diagnosis
(unknown pregnancy status) either 5 or 7 days before NPD depending on which timed
AI program is used (ie, 5 vs 7 day).
Applying a presynchronization treatment such as GnRH or human chorionic gonad-

otropin to ovulate a follicle and initiate a new follicular wave in cows with unknown
pregnancy status has been tested for its profertility effects. Simple Resynch-
Ovsynch programs initiated at day 32 or 39 after previous AI were compared with
treatments that included a presynchronization GnRH or human chorionic gonado-
tropin injection administered 7 days before Ovsynch. At both initiation times, the
pre-GnRH or pre-human chorionic gonadotropin injection increased pregnancy risk
by 4% to 5% units (Table 5).



Table 5
Pregnancy risk of nonpregnant dairy cows exposed to a 7-day Resynch-Ovsynch timed AI
program initiated at a not pregnant diagnosis at either 32 or 39 days after previous AI with or
without presynchronization injections of either GnRH or hCG

Program

Pregnancy Risk 32–39 d After AI

No. of
Studies

Study
Average, %

Study Weighted
Average, %

Control Resynch 29.3 29.0 (3657)b 11

Pre-GnRH or pre-hCG 1 Resyncha 34.2 33.5 (2996) 8

Abbreviations: AI, artificial insemination; GnRH, gonadotropin-releasing hormone; hCG, human
chorionic gonadotropin; PGF2a, prostaglandin F2a.

a GnRH or hCG injection administered 7 days before Ovsynch-56.
b No. of cows.
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Addition of progesterone in the form of a CIDR to nonpregnant cows in designed
studies in 7-day Resynch-Ovsynch programs initiated at the NPD failed to increase
pregnancy risk of cows, whereas when tested in a 5-day Ovsynch program initiated
at day 32, progesterone increased pregnancy outcome.30 As previously noted, the
greatest pregnancy advantage accrues from applying progesterone to cows without
a CL rather than those with a CL.
In the previously cited summary (see Table 5), detection of estrus was not applied

and all cows received only the timed AI. In herds in which cows are housed in dry lots
or free stall barns with or without turn-out dry lots, detection of estrus is often applied
to cows in addition to using timed AI programs for cows not detected in estrus. In sub-
sequent studies, a pre-GnRH injection was applied as a presynchronization treatment
and cows were inseminated when detected in estrus. The timed AI program was dis-
continued when cows were reinseminated at estrus, or in the absence of estrus, the
complete timed AI program was carried out.
In 2 such studies (Table 6), fewer cows were detected in estrus and inseminated

before the timed AI program was initiated when the pre-GnRH injection was applied
compared with the control Resynch (37.4% vs 50.3%; calculated from Table 7 data),
even though resulting pregnancy riskswere not different. In the face of similar pregnancy
risk after insemination, cows detected in estrus and inseminated became pregnant
earlier than timed AI cows.
Table 6
Pregnancy risk of nonpregnant cows exposed to a 7-day Resynch-Ovsynch timed AI program
initiated at not pregnant diagnosis at either 32 or 39 days after previous AI: Insemination at
estrus or at appointment (timed AI)

Program

Pregnancy Risk 32–39 d After AI

No. of StudiesStudy Average, % Study Weighted Average, %

Control Resynch 32.3 32.3 (1501)b —

Estrus 39.2 39.1 (756) 2

Timed AI 25.5 25.4 (745) 2

Pre-GnRH 1 Resyncha 35.6 33.9 (1398)

Estrus 41.7 41.2 (523) 2

Timed AI 29.5 29.6 (875) 2

Abbreviations: AI, artificial insemination; GnRH, gonadotropin-releasing hormone.
a GnRH injection administered 7 days before Ovsynch-56.
b No. of cows.



Table 7
Pregnancy risk of nonpregnant cows exposed to presynchronization programs before a 7-day
Resynch-Ovsynch timed AI program including GnRH or PGF2a after a not pregnant diagnosis

Programa

Pregnancy Risk 29–32 d After AI

No. of StudiesStudy Average, % Study Weighted Average, %

Pre-GnRH Resynch 34.7 38.2 (642)b 2

Estrus 33.3 34.3 (115) —

Timed AI 36.1 39.1 (527) —

Pre-PGF2a 1 Resynch 31.8 34.4 (1505) 4

Estrus 34.8 34.8 (846) —

Timed AI 29.6 34.0 (659) —

Abbreviations: AI, artificial insemination; Pre-GnRH, gonadotropin-releasing hormone; ND, not
pregnant diagnosis; PGF2a, prostaglandin F2a.

a Control 5 Ovsynch-56 initiated at day 32 (NPD); Pre-GnRH 5 GnRH injection given 7 days
before NPDs (at which time Ovsynch-56 was initiated); PGF2a 5 injection of PGF2a at 7, 11, or
12 days before initiating Ovsynch.

b No of cows.
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Subsequent studies endeavored to presynchronize estrous cycles with PGF2a to
facilitate estrus expression and earlier reinsemination after an NPD (see Table 7). In
some cases, when PGF2a was administered on and shortly after the NPD, pregnancy
risk was improved.31 In most cases fertility was not improved,14 but more cows
detected in estrus were inseminated earlier than cows assigned to a timed AI program.
In general, when applying Resynch programs to dairy cows at NPD, using presynch-
ronization PGF2a facilitates estrus expression, whereas using a pre-GnRH injection
suppresses estrus expression.

TIMING OF SECOND GONADOTROPIN-RELEASING HORMONE ADMINISTRATION AND
TIMED ARTIFICIAL INSEMINATION

Success of timed AI programs depends on adequate duration of proestrus and proper
timing of insemination relative to ovulation. For the standard Ovsynch program, with
7 days between the initial GnRH and PGF2a injections, administering the final GnRH
56 hours after PGF2a and performing AI 16 hours later seems to optimize pregnancy
risk in dairy cows.32 Conversely, extending the proestrus longer than 56 hours and
inseminating cows concurrently with the final GnRH injection may reduce fertility in
dairy cows.33,34 Allowing 56 hours of proestrus provides additional growth of the
ovulatory follicle and increased exposure to estradiol,35 which is thought to be needed
to avoid short estrous cycles after induced ovulation. For 7-day Ovsynch programs,
optimal timing of the second (or breeding) injection of GnRH is approximately 56 hours
after PGF2a (Ovsynch-56) with AI occurring approximately 16 hours later (or 72 hours
after PGF2a) compared with timed AI at either 48 or 72 hours, concurrent with the
second GnRH injection (Table 8).
In contrast, for cows subjected to the 5-day Ovsynch program, which results in

smaller ovulatory follicles and reduced concentrations of estradiol in the plasma
around the time of AI compared with the 7-day Ovsynch protocol,20 the duration of
proestrus should be extended to 72 hours.25,30 Therefore, a careful balance involving
follicle and oocyte maturation and timing between sperm and oocyte availability must
be considered so that optimal fertility can be achieved. Extending the duration of the
proestrus to 72 hours when applying the 5-day timed AI program compensated for a



Table 8
Pregnancy risk of dairy cows exposed to a 7-day Ovsynch timed AI program and various times
of GnRH injection relative to PGF2a

Program

Pregnancy Risk 28–40 d After AI

No. of StudiesStudy Average, % Study Weighted Average, %

Cosynch-48a 29.5 28.4 (1640)d 6

Cosynch-72b 28.7 29.0 (1582) 7

Ovsynch-56c 36.0 33.7 (1729) 5

Abbreviations: AI, artificial insemination; GnRH, gonadotropin-releasing hormone; PGF2a, prosta-
glandin F2a.

a Cosynch 48 5 GnRH and AI at 48 hours after PGF2a.
b Cosynch72 5 GnRH and AI at 72 hours after PGF2a.
c Ovsynch-56 5 GnRH at 56 hours after PGF2a and AI 16 hours later.
d No. of cows.
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less optimal interval between induced ovulation and insemination, which allowed for
the administration of the final GnRH concurrently with AI at 72 hours after PGF2a
without decreasing pregnancy risk.30

ARTIFICIAL INSEMINATION PROGRAMS FOR REPLACEMENT DAIRY HEIFERS

When heifers are inseminated after detected estrus without any hormone synchroni-
zation, it is not uncommon for conception risk to exceed 60%. Even when insemina-
tions were performed after PGF2a injections (and the majority of heifers express estrus
on days 2–5 after injection) and inseminations were made after detected estrus,
conception risk is commonly greater than 60%. These are traditional and proven
ways to inseminate heifers, but they require time and skilled labor for heat detection.
In large pens of heifers, such as found in heifer grower operations who contract to
raise heifers for dairy producers, inseminations are often based on both estrus and
timed AI programs, followed by cleanup bulls.
Gender-biased or sexed semen is often used when inseminating replacement

heifers because of their better fertility than lactating cows. Conception risk is limited
to approximately 70% to 80% of what is achieved with conventional semen.

Seven-day Programs

When applying timed AI in heifers, pregnancy risk will be slightly reduced to the mid
50% range compared with insemination after detected estrus. The benefit of not
needing estrus detection expertise, however, makes timed AI of heifers attractive
for many heifer developers. A 7-day timed AI program in heifers includes a progester-
one insert (eg, CIDR) used for 7 days and PGF2a injected upon its removal, in addition
to a GnRH injection at CIDR insertion and a second GnRH injection between the PGF2a
injection and timed AI (see Fig. 1). These results also hold true for the 7-day CIDR pro-
grams when heifers were inseminated after detected estrus up until 72 hours after
PGF2a and then the remaining heifers were injected with GnRH and inseminated at
72 hours in the absence of estrus.

Five-day Programs

The most consistent results for timed AI in heifers are found using the 5-day programs
(see Fig. 1). A series of recent studies were conducted in a large number of dairy
heifers to examine some variations of the 5-day timed AI program. In study
1 (Fig. 5), ovulation in dairy heifers was synchronized and 2 injections of PGF2a



Fig. 5. Variations in 5-day timed artificial insemination (AI) programs for replacement
heifers are discussed in the text. GnRH, gonadotropin-releasing hormone; PG, prostaglandin
F2a; TAI, timed artificial insemination. a Two injections 12 h apart.
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were administered on day 5 (one when the CIDR insert was removed and another
12 hours later). Pregnancy risk did not differ in 2 separate experiments, but ranged
from 53% to 59%.36

In study 2 (see Fig. 5), a comparison was made between using one or 2 PGF2a
injections at the time of CIDR insert removal. No differences in pregnancy risk was
detected in 2 experiments.37

In study 3 (see Fig. 5), only 1 PGF2a injection was used and the researchers
addressed the need for the GnRH-1 injection. Results from study 3 showed no advan-
tage for using the GnRH-1 injection when 1 PGF2a injection was administered because
pregnancy risks ranged from 48% to 52%.38

In study 4 (see Fig. 5), no GnRH-1 injection was used with only 1 PGF2a injection
and the proper timing of GnRH-2 was tested. Results showed that the inconve-
nience of handling the heifers an extra time to administer GnRH-2 at 56 hours
(16 hours before the timed AI) was not necessary to maximize pregnancy risk. In
contrast, for those heifers that did not show estrus during the 72 hours after
PGF2a and CIDR removal, extending the time to the GnRH injection to 72 hours
(coincident with the timed AI) improved their pregnancy outcome from 44.7% to
53%.38

One further study demonstrated that when GnRH-1 was administered at the time of
CIDR insertion in a 5-day program, administering 2 PGF2a injections (24 hours apart;
one with CIDR insert removal and one 24 hours later) was advantageous to improve
pregnancy risk compared with not using GnRH-1 and using only 1 PGF2a injection
(59.4% vs 53.5%, respectively).
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Synchronization of ovulation in dairy heifers using a progesterone insert with admin-
istrations of GnRH and PGF2a in 5-day programs can successfully occur. Several
options are successful. The results indicated that the 5-day program is effective
and the GnRH-1 injection is not necessary when using only one PGF2a injection.
Extending the timing of the GnRH-2 to 72 hours (coincident with the timed AI)
benefitted heifers that did not show estrus during the 72 hours after CIDR insert
removal.
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