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Reproductive performance of dairy cows resynchronized after 
pregnancy diagnosis at 31 (±3 days) after artificial insemination 
(AI) compared with resynchronization at 31 (±3 days) after AI 
with pregnancy diagnosis at 38 (±3 days) after AI

R. V. Pereira*, L. S. Caixeta*, J. O. Giordano†, C. L. Guard*, and R. C. Bicalho*,1

*Department of Population Medicine and Diagnostic Sciences, College of Veterinary Medicine, 
Cornell University, Ithaca, NY 14853

†Department of Animal Science, Cornell University, Ithaca, NY 14853

Abstract

An important part of reproductive management programs on dairy farms is identification of 

nonpregnant cows and early re-insemination to achieve higher pregnancy rates. The objective of 

this study was to compare the effect on reproductive performance and pregnancy loss of 2 

pregnancy diagnosis protocols: (1) pregnancy diagnosis performed 31 ± 3 d after artificial 

insemination (AI) by ultrasonography (ULTRA), and (2) resynchronization started 31 ± 3 d after 

AI but with pregnancy diagnosis performed 38 ± 3 d after AI by palpation per rectum (PALP). 

Cows were randomly allocated into 1 of the 2 management programs. For cows enrolled in 

ULTRA, the initial pregnancy diagnosis (P1) was performed by transrectal ultrasonography at 31 

± 3 d after AI, and nonpregnant cows were enrolled in the Ovsynch protocol for resynchronization 

of ovulation to receive timed AI (TAI). For cows enrolled in PALP, the Ovsynch protocol for 

resynchronization of ovulation to receive TAI was initiated at 31 ± 3 d after AI regardless of 

pregnancy status, with the initial pregnancy diagnosis (P1) performed by palpation per rectum at 

38 ± 3 d after AI. For both groups, reconfirmation of pregnancy was performed by palpation per 

rectum at 63 ± 3 d after AI (P2). Cows were inseminated after detection of estrus by use of activity 

monitors at any time during the study. Two levels of activity were used as a reference for cows AI 

after detection of estrus based on activity: an activity level of ≥2 when a cow was coded in 

DairyComp 305 (Valley Agricultural Software, Tulare, CA) as open (nonpregnant) and an activity 

level of ≥3 when the pregnancy status of the cow was unknown. Our findings showed that the 

odds of pregnancy loss cows in ULTRA was 2 times higher between P1 and P2 compared with 

that of cows in PALP. Furthermore, pregnancy diagnosis method (ULTRA vs. PALP) did not have 

a significant effect on the Cox proportional hazard of pregnancy at P2. The occurrence of assisted 

parturition, metritis, or retained placenta was associated with a reduced hazard of pregnancy at P2. 

An economic analysis was performed by simulating a 1,000-cow commercial dairy herd using a 

decision support tool to estimate the net present value (NPV; $/ cow per yr) from using the 2 
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different pregnancy diagnosis methods. The analysis revealed minor differences in NPV between 

the programs, depending on the cost to perform ULTRA or PALP. In summary, we observed no 

difference in the reproductive performance and only a minor and fluctuating economic difference 

when using either PALP or ULTRA for pregnancy diagnosis of dairy cows.
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pregnancy; ultrasonography; palpation per rectum; Ovsynch

INTRODUCTION

Pregnancy diagnosis is an important component of reproductive management programs, 

where efficient and accurate pregnancy diagnosis combined with proper interventions 

determine the success of the reproductive programs and ultimately dairy farm profitability 

(Gröhn and Rajala-Schultz, 2000; Inchaisri et al., 2010).

The number of days a cow is nonpregnant after the voluntary waiting period has been 

associated with reduced profitability partly because of increased breeding cost, increased 

risk of culling, replacement cost, and reduced lifetime milk production (De Vries, 2006). To 

reduce losses associated with days nonpregnant, early identification of cows that fail to 

conceive can be used to obtain greater economic gains from reproductive programs in dairy 

herds (Fricke, 2002).

Palpation per rectum is currently the method most frequently used by veterinarians for 

pregnancy diagnosis, and skilled practitioners are able to detect pregnancy by palpation per 

rectum in cattle as early as 35 d after insemination (Romano et al., 2007). The use of 

transrectal ultrasonography has traditionally been considered an ancillary technology for 

identification of pregnancy alone in dairy cattle, and its use has largely been limited to 

occasions when identification of cows carrying twin fetuses, detection of ovarian and uterine 

disease, or determination of fetal sex is required (Hanzen et al., 2000; Fricke, 2002). 

However, the use of ultrasonography for pregnancy diagnosis is quickly becoming a 

common practice.

A veterinary-grade ultrasound machine equipped with one rectal transducer can be 

purchased for $8,000 to $16,000 (Fricke, 2002). A survey of pregnancy diagnosis practices 

used for dairy cows by US veterinarians revealed that the median charge for pregnancy 

diagnosis per cow was $3 when using palpation per rectum and $4.75 when using 

ultrasonography (Rosenbaum and Warnick, 2004). The ability to accurately identify 

nonpregnant cows as early as 28 days after AI when using ultrasonography has a positive 

effect on reproductive performance by reducing the interval between AI services for cows 

diagnosed nonpregnant, resulting in greater economic net return (Nation et al., 2003; 

Romano et al., 2006; Giordano et al., 2013). On the other hand, extensive late embryonic 

mortality is observed in dairy cattle, with rates of spontaneous pregnancy losses between 

approximately 30 and 45 d of gestation of 0.85% per day (Vasconcelos et al., 1997; Chebel 

et al., 2003; Santos et al., 2004b). Therefore, performing early pregnancy diagnosis (e.g., at 

31 d after AI) using ultrasonography could appear to result in a greater pregnancy loss at the 
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time of a second pregnancy diagnosis (e.g., after 2 mo) compared with performing the first 

pregnancy diagnosis a week later (at 38 d) using palpation per rectum (Cartmill et al., 2001; 

Chebel et al., 2003; Santos et al., 2004b).

A commonly used resynchronization program consists of administering an injection of 

GnRH to all cows regardless of their pregnancy status 1 wk prior to pregnancy diagnosis. 

Once pregnancy diagnosis is performed, nonpregnant cows receive an injection of PGF2α 

the same day, and 48 h later receive a second injection of GnRH and timed AI (TAI) 20 to 

24 h later (Fricke et al., 2003). A disadvantage of resynchronization TAI protocols is the 

labor and drug cost for the first injection of GnRH that is administered to cows later 

diagnosed as pregnant. Furthermore, a reproductive management practice aimed at reducing 

the interbreeding interval in cows has been the combined detection of estrus with protocols 

for resynchronization of ovulation, which has been reported to have economic advantages, 

especially for reproductive programs with lower conceptions rates (Tenhagen et al., 2004; 

Giordano et al., 2011; Galvão et al., 2013).

The objective of this study was to compare the effect on reproductive performance and 

pregnancy loss of 2 pregnancy diagnosis protocols: pregnancy diagnosis performed 31 ± 3 d 

after AI by ultrasonography compared with resynchronization started 31 ± 3 d after AI but 

with pregnancy diagnosis performed 38 ± 3 d after AI by palpation per rectum.

MATERIALS AND METHODS

Farm and Management

Data were collected from a dairy farm in Cayuga County, New York, from July to 

December 2009. The farm milked 2,850 Holstein cows 3 times a day, with a daily average 

of 40 kg of milk per cow per day during the study period. Cows were housed in freestall 

barns with concrete stalls covered with mattresses and bedded with recycled manure solids. 

Cows were milked 3 times daily, with the first milking starting around 0600 h, the second at 

around 1400 h, and the third at around 2200 h. Cows were fed a TMR consisting of 

approximately 55% forage (corn silage, alfalfa and grass haylage, alfalfa silage, alfalfa hay, 

and wheat straw) and 45% concentrate (corn meal, soybean meal, canola meal, cotton seed, 

and citrus pulp). The diet was formulated to meet or exceed NRC (2001) requirements for 

lactating Holstein cows weighing 650 kg and producing 40 kg of 3.7% FCM (NRC, 2001).

Data Collection and Study Design

For this study, a randomized field trial was designed by enrolling lactating cows and 

replacement heifers of breeding age that may calve during the duration of the study. 

Randomization was completed in Excel (Microsoft, Redmond, WA) using the random 

number function and imported into the farm’s Dairy Comp 305 software program (Valley 

Agricultural Software, Tulare, CA). Before the beginning of the trial, a total of 4,945 animal 

(2,850 lactating cows, 473 dry cows, and 1,622 heifers within breeding age) were randomly 

assigned once to 1 of 2 reproductive management programs using 2 different pregnancy 

diagnosis methods (PDM): (1) the initial pregnancy diagnosis (P1) was performed by 

transrectal ultrasonography at 31 ± 3 d after AI, and nonpregnant cows were enrolled in the 
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Ovsynch protocol for resynchronization of ovulation to receive TAI (ULTRA); or (2) the 

Ovsynch protocol for resynchronization of ovulation to receive TAI was initiated at 31 ± 3 d 

after AI regardless of pregnancy status, with P1 performed by palpation per rectum at 38 ± 3 

d after AI (PALP; Figure 1). A total of 1,590 cows were enrolled in the study, with 813 

cows enrolled in ULTRA and 777 cows enrolled in PALP. Cows diagnosed pregnant at P1 

had a second pregnancy diagnosis (P2) at 63 ± 3 d after AI by palpation per rectum. Data 

from cows that were sold or died before P2 were excluded from the analysis.

Three veterinarians from Cornell Ambulatory and Production Medicine Clinic (Ithaca, NY) 

performed all pregnancy diagnoses. One of the veterinarians had more than 25 yr of 

experience and used only palpation per rectum for pregnancy diagnosis. The remaining 2 

veterinarians had more than 5 yr of experience performing pregnancy diagnosis in dairy 

cows and used both transrectal ultrasonography and palpation per rectum. Transrectal 

ultrasonography was performed with a portable ultrasound machine fitted with a 5-MHz 

linear array transducer. Pregnancy diagnosis was performed weekly, with cows being 

separated from their pen mates by using an automatic sorting gate, restrained by head locks 

or palpation rail, and examined for pregnancy according to the group to which they were 

assigned.

The reproductive management program for second and subsequent AI service at this farm 

consisted of a combination of detection of estrus solely by use of activity monitors (Alpro, 

DeLaval, Kansas City, MO), and resynchronization of ovulation for TAI for cows failing to 

conceive, not detected in estrus, and detected as nonpregnant at the time of pregnancy 

diagnosis. Estrus detection was solely based on electronic activity monitors placed around 

the neck. Cows were classified as having an activity level of 0, 1, 2, or 3, and we defined 2 

different minimal activity level thresholds for AI. The activity level threshold for triggering 

AI in cows with unknown pregnancy status (from AI until the time of P1 according to the 

PDM group) was ≥3, whereas the threshold for cows that were not pregnant and not AI 

(cows between the end of voluntary waiting period and first AI or cows confirmed 

nonpregnant) was ≥2. The use of 2 levels of activity for estrus detection was a preference of 

the farm’s reproductive management. Cows scheduled to undergo TAI were separated by an 

automatic sorting gate when exiting the first milking of the day, and cows tagged to undergo 

AI based on estrus detection were separated by an automatic sorting gate when exiting the 

milking subsequent to detection of estrus.

Cows diagnosed nonpregnant at P1 for ULTRA were enrolled in the Ovsynch protocol 

consisting of an initial dose of 100 μg of GnRH (Cystorelin, Merial Ltd., Duluth, GA) 

following the nonpregnancy diagnosis, followed 7 d later by 25 mg of PGF2α (Lutalyse, 

Pfizer, New York, NY); 48 h later, cows received a second injection of 100 μg of GnRH and 

TAI 20 to 24 h later. Cows detected in estrus by the activity monitoring system were 

artificially inseminated and removed from the TAI list. Cows in the PALP group were 

enrolled in a resynchronization (Resynch) TAI protocol consisting of an initial injection of 

100 μg of GnRH 7 d before the first pregnancy diagnosis, and cows diagnosed as 

nonpregnant at 38 ± 3 d after AI were injected with 25 mg of PGF2α (Lutalyse, Pfizer). 

Forty eight hours later, cows received a second injection of 100 μg of GnRH and TAI 20 to 
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24 h later. For both ULTRA and PALP, cows diagnosed nonpregnant at second pregnancy 

diagnosis at 63 ± 3 d after AI were enrolled in the Ovsynch protocol to receive TAI.

Case Definitions

Pregnancy loss was defined as a pregnant diagnosis at 31 ± 3 d after AI (ULTRA) or at 38 ± 

3 d after AI (PALP) followed by a nonpregnant diagnosis at P2 (63 ± 3 d after AI) or 

detection of estrus by the activity monitoring system after P1. Retained placenta was defined 

as a cow having failed to release its fetal membranes within 24 h of calving. Metritis was 

defined as the presence of a fetid, watery, brownish uterine discharge and the cow 

presenting a rectal temperature above 39°C. Assisted parturition was defined as the use of 

any manual or mechanical intervention to assist a cow during parturition.

Statistical Analysis

To evaluate the effect of PDM on the overall hazard of pregnancy, hazard of pregnancy for 

cows diagnosed nonpregnant and rebred, and hazard of pregnancy loss, 3 Cox 

semiparametric proportional hazard (PH) models were created in SAS (SAS Institute Inc., 

Cary, NC) by using the proportional hazard regression procedure. For the calculation of 

hazard of pregnancy for all AI and the hazard of pregnancy for cows diagnosed non-

pregnant and rebred, the initial points for the Cox PH model were the initial AI before 

enrollment and P1, respectively. The outcome endpoint was a pregnant diagnosis at P2 with 

cows right-censored if not diagnosed pregnant before culling, death, coded in DairyComp 

305 as “do not breed”, or the end of the data collection period. The Cox PH model for all AI 

only used the data for cow re-inseminations based on estrus detection when this event 

occurred after enrollment of the cow in the study.

In the Cox PH model for hazard of pregnancy loss, the initial point was a pregnant diagnosis 

at P1 and the outcome endpoint was a nonpregnant diagnosis at P2 or detection of estrus by 

activity monitors after enrollment; cows were right-censored if culling, death, or the end of 

the data-collection period occurred prior to the outcome endpoint. The PH assumptions were 

tested and met by using the Schoenfeld residuals test and the marginal residuals test 

(Allison, 2012). Kaplan-Meier survival analyses were used to illustrate the results from each 

of the 3 Cox PH models by using Medcalc version 11.5.1.0 (MedCalc Software, Mariakerke, 

Belgium). The survival analysis periods and censoring for the Kaplan-Meier survival 

analysis were the same as used for each of the 3 corresponding Cox PH models.

To evaluate the effect of PDM on the overall hazard of pregnancy throughout the study 

period, a Cox PH was fitted to the data using the PH regression procedure in SAS (SAS 

Institute Inc.). Variables offered to the models included PDM (ULTRA vs. PALP), parity (1 

vs. 2 vs. >2), assisted parturition, metritis, and retained placenta. Two-way interactions 

between treatment and all independent variables were tested. The PH assumption was tested 

using the Schoenfeld residuals test and the marginal residuals test (Allison, 2012).

Because the Cox PH models could not determine the effect of AI service method (i.e., TAI 

vs. AI after detection of estrus) as cows may have been bred by activity in one breeding and 

by TAI in another breeding, logistic regression models were fitted to the data using the 
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Logistic procedure of SAS, allowing assessment of the effect of PDM on the odds of AI 

based on detection of estrus by activity monitors. The model included the fixed effect of 

PDM (ULTRA vs. PALP) and parity (1 vs. 2 vs. >2). To assess the effect of pregnancy 

diagnosis on the odds of conception for cows in ULTRA or PALP at P2, mixed logistic 

regression models were fitted to the data using the GLIMMIX procedure of SAS (SAS 

Institute Inc.). The model included the fixed effects of PDM (ULTRA vs. PALP), type of AI 

(TAI vs. activity detection), and a 2-way interaction between PDM and type of AI. To assess 

the effect of pregnancy diagnosis on the odds of pregnancy loss detected at P2, mixed 

logistic regression models were fitted to the data using the GLIMMIX procedure of SAS 

(SAS Institute Inc.). The model included the fixed effects of PDM (ULTRA vs. PALP), 

parity (1 vs. 2 vs. >2), and type of AI (TAI vs. activity detection), and a 2-way interaction 

between PDM and type of AI was tested. Cow identification number was added to the model 

as a random effect to account for cows participating in the study more than once. All 

statistical models, variables, and their interactions were considered significant when their 

respective P-values were ≤ 0.05.

Economic Analysis

To assess the effect of PDM on the reproductive dynamics and economics of a dairy 

operation, a 1,000-cow commercial dairy herd was simulated using the UW-DairyRepro$ 

decision support tool (Giordano et al., 2011) with the modifications described in Giordano et 

al. (2013) to account for the differences in pregnancy loss between the 2 PDM. Briefly, this 

tool accounts for the additional pregnancy loss observed during the period elapsed between 

an earlier and a later nonpregnancy diagnosis test (i.e., in the current study, the 7-d period 

between the test in ULTRA performed at 31 d and PALP performed at 38 d after AI). Cows 

undergoing pregnancy loss after P1 were detected in estrus according to a user-defined 

probability (service rate) and were re-inseminated immediately, whereas cows not detected 

in estrus were found nonpregnant at P2 within 4 wk after P1 and re-inseminated after 

synchronization of ovulation. Of significance to the present study, the tool accounts for the 

added cost of giving injections to cows that are pregnant in Resynch programs initiated 

before the nonpregnancy diagnosis (e.g., the PALP group in the present study). The 

reproductive program simulated for first AI service was similar to that used at the dairy farm 

where the study was performed (combination of detection of estrus with the Presynch-

Ovsynch-12 protocol), whereas the 2 reproductive management programs compared in the 

present study combining resynchronization of ovulation initiated at 31 ± 3 d after AI with 

ULTRA or PALP in combination with detection of estrus were simulated for second and 

subsequent AI service. The proportion of cows receiving AI after detection of estrus was set 

at 50% with pregnancy per AI (P/AI) of 32%, whereas P/AI was set at 35 and 26% for first 

and second or subsequent TAI services, respectively. Total pregnancy loss during the 7-d 

period from 31 to 38 d after AI for the program using ULTRA was set to represent the 

additional pregnancy loss observed between PDM methods in this study. Reproductive 

program costs included GnRH at $2.50/dose, PGF2α at $2.00/dose, labor for hormone 

injections at $15.00/h, and AI (includes semen unit and labor) at $15.00/AI. Nonpregnancy 

diagnosis cost for P1 was set at $95.00/h when using palpation per rectum and at $135.00/h 

when using ultrasonography. In addition, the simulated scenarios included productive 

(12,700 kg of milk of rolling herd average, 31% culling and mortality rate, and 6% stillbirth 
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rate) and economic parameters (price of milk = $18/cwt, feed cost of lactating cows = 0.26 

$/kg, feed cost of dry cows = $2.50/cow per d, female calf value = $200/calf, male calf 

value = $50/ calf, replacement heifer = $1,500/heifer, salvage value of culled cow = $700/

cow) commonly observed under the current economic conditions for a high-producing herd 

of similar size in the northeastern United States. The model estimated the net present value 

(NPV; $/ cow per yr) differences for the reproductive programs using the 2 PDM.

RESULTS

Descriptive Statistics

A total of 1,590 cows were enrolled in the study, with 777 in PALP and 813 in ULTRA; 

average DIM at enrollment was 108 for cows in PALP and 106 for cows in ULTRA. A total 

of 7% of cows in PALP and 8% of cows in ULTRA had a history of assisted parturition, 

10% of cows in PALP and 8% of cows in ULTRA had a history of retained placenta, and 

20% of cows in PALP and 19% of cows in ULTRA had a history of metritis. The percentage 

of cows in first, second, and third or greater parities were 39, 35, and 26%, respectively, for 

cows in PALP, and 36, 35, and 29%, respectively, for cows in ULTRA.

Effect of PDM on Hazard of Pregnancy

The overall reproductive performance was not significantly different between cows in PALP 

and ULTRA; the median number of days from the initial AI (last AI before enrollment) to 

conception (confirmed at P2) was 42 and 39 d for cows in PALP and ULTRA, respectively 

(P = 0.53; Figure 2). No effect of PDM on the hazard of pregnancy was observed (hazard 

ratio = 0.97, 95% CI: 0.86–1.08, P = 0.57). The factors assisted parturition, metritis, and 

retained placenta impaired reproductive performance (Table 1). The reproductive 

performance of cows that were diagnosed as nonpregnant at P1 and then re-inseminated did 

not differ(P = 0.35) between PALP and ULTRA; the median number of days from the initial 

AI to conception was 87 and 80 d for cows in PALP and ULTRA, respectively (P = 0.35; 

Figure 3).

Effect of PDM on Pregnancy Loss

For both PDM, most of the pregnancy losses were detected at P2 (P = 0.03; Figure 4). Cows 

enrolled in ULTRA had a 2 times greater odds for pregnancy loss compared with cows in 

PALP (P = 0.01; Table 2). Furthermore, cows that conceived from a re-insemination based 

on estrus detection were at 1.96 times higher odds of embryonic mortality compared with 

cows that conceived from TAI (P = 0.01; Table 2). An interaction between PDM and type of 

AI was observed (P = 0.007; Table 2). The highest incidence of pregnancy loss was 

observed for cows in ULTRA that were inseminated after estrus detection (15.6%), whereas 

the lowest incidence was observed for cows in PALP that received TAI (4.5%); parity did 

not affect pregnancy loss (P = 0.48, Table 2).

Effect of PDM on Observed Conception Rate and Estrus Detection

The PDM was not associated with conception rate at P1 or P2 (P = 0.46; Table 3). A 1.8 and 

1.9 higher odds for conception at P1 and P2, respectively, were observed for AI based on 

detection of estrus by activity monitors compared with TAI (P = 0.06; Table 3). Cows re-
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inseminated in ULTRA had 2.5 times greater odds (95% CI: 1.33–4.67, P = 0.004) for AI 

based on detection of estrus by activity monitors compared with cows re-inseminated in 

PALP.

An interaction between PDM and type of AI was observed at P1 (P = 0.05; Table 3) but not 

at P2 (P = 0.13; Table 3). Cows in ULTRA re-inseminated based on activity monitors after 

P1 had a conception rate of 48.5% at the following P1, whereas cows in ULTRA that were 

re-inseminated based on TAI had a conception rate of 26.1% at the following P1. Cows in 

the PALP group that were re-inseminated based on activity monitors after P1 had a 

conception rate of 20% at the following P1, whereas cows in PALP that received TAI had a 

conception rate of 26.8% at P1 (Table 3).

Economic Analysis

Under the initial conditions stipulated in the simulation study for a 1,000-cow herd using 

ULTRA or PALP as the PDM with a 4.6-percentage-point (9.8% for ULTRA vs. 5.2% for 

PALP) greater pregnancy loss from 31 to 38 d after AI for the program using ULTRA, the 

NPV was $3.65/cow per year greater for the program using PALP. Nevertheless, this small 

benefit in favor of the program using PALP was eliminated by reducing the cost to perform 

ultrasonography to $115/h and reverted to $3.65/cow per year in favor of the program that 

used ULTRA when the cost of ultrasonography was further reduced to $95/h (same as the 

cost of palpation per rectum).

DISCUSSION

We did not observe a significant difference in reproductive performance when using 

ULTRA for early pregnancy diagnosis (at 31 ± 3 d after AI) compared with using PALP at a 

later time (38 ± 3 d after AI; Figure 2). Pregnancy loss between P1 and P2 was 9.8% for 

ULTRA and 5.2% for PALP. Most pregnancy losses in dairy cows occur before the period 

of maternal recognition of pregnancy around 18 to 25 d of gestation, although substantial 

losses continue to occur up to 56 d after AI (Santos et al., 2004b; Mamo et al., 2011). In 

commercial dairy farms, pregnancy diagnosis is commonly performed at 3 times during 

gestation: the first is usually performed between 28 and 45 d after insemination, the second 

between 60 and 120 d after insemination, and the third at dry-off. Embryonic mortality rates 

between the first and second pregnancy diagnoses have been reported to range between 10.5 

and 17.7% (López-Gatius et al., 2002; Silke et al., 2002; Gümen et al., 2003; Giordano et al., 

2012). Most of this mortality occurs at 28 to 45 d of gestation, with rates ranging from 3.2 to 

11.4% of all recognized pregnancies (Vasconcelos et al., 1997; Silke et al., 2002; Santos et 

al., 2004a; Giordano et al., 2012). As expected, higher embryonic mortality was observed 

for the ULTRA group because the first pregnancy diagnosis was performed 7 d before that 

in the PALP group, which allowed for greater detection of naturally occurring embryonic 

mortality. Nevertheless, cows that experienced pregnancy loss in the ULTRA group tended 

to not be re-inseminated until after the second pregnancy diagnosis when they were enrolled 

in Ovsynch to receive TAI immediately.

In our study, most cows in the PALP group were inseminated following enrollment in the 

resynchronization TAI protocol at 31 ± 3 d after AI, with conception rates of 26.4% at P1 
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and 20.1% at P2 (Table 3). Moreira et al. (2000) observed similar findings when using a 

resynchronization TAI protocol starting at 20 d after AI, with a reported conception rate of 

20% at 45 d of gestation. Fricke et al. (2003), when evaluating pregnancy per AI using a 

resynchronization TAI protocol, observed P/AI values of 23, 34, and 38% for cows enrolled 

in the resynchronization TAI protocol at 19, 26, and 33 d after AI, respectively. 

Furthermore, our results are in agreement with those of Silva et al. (2009), who enrolled 

cows in a resynchronization TAI protocol 32 d after AI and observed P/AI of 29.1 and 

25.7% at 39 and 62 d after AI, respectively.

Several risk factors are known to be associated with reduced fertility and embryonic losses 

in cattle, including environmental stresses, disease, nutrition, luteal insufficiency, and 

ovulation of persistent follicles (Silke et al., 2002; Chebel et al., 2004; Santos et al., 2004b). 

Risk factors presenting a negative effect on hazard of pregnancy at P2 in our study were 

parturition, metritis, and retained placenta. Previous research has shown that cows with a 

history of dystocia have close to 2 times greater odds of having a retained placenta, which 

increases the occurrence of postpartum diseases and subsequently decreases reproductive 

performance in dairy herds (Han and Kim, 2005). Konyves et al. (2009), when studying 

postpartum uterine disease in dairy cows on subsequent reproduction, observed that cows 

with a history of retained placenta had 27 times greater odds of developing metritis. Uterine 

infections such as metritis contribute to reduced fertility by various means. Uterine infection 

has direct effects on the uterus through bacterial infection, bacterial products, and immune 

mediators produced in response to bacterial infection (Bicalho et al., 2010; Santos and 

Bicalho, 2012). Additionally, uterine diseases also suppress pituitary luteinizing hormone 

secretion and are associated with inhibition of folliculogenesis, decreased ovarian 

steroidogenesis, and abnormal luteal phases (Opsomer et al., 2000; Salasel et al., 2010; 

Crowe and Williams, 2012). By disrupting ovarian function, metritis contributes to reduced 

fertility in dairy cows and increases the likelihood of a cow being culled for reproductive 

failure.

In agreement with the lack of differences in reproductive performance for cows enrolled in 

ULTRA and PALP, only minor and fluctuating economic differences were observed. The 

small benefits in favor of the program using PALP were explained, for the most part, by the 

greater cost to perform ultrasonography in ULTRA. Indeed, reducing the hourly cost of 

ultrasonography services either eliminated or reverted the differences in NPV between the 

PDM. When the cost of ultrasonography was equal to that of palpation, the benefit in favor 

of ULTRA was likely due to the added cost of giving GnRH to pregnant cows in the strategy 

using palpation. To a lesser extent, the original differences in favor of PALP may have been 

due to the shorter time to re-insemination in cows that lose their pregnancy from 31 to 38 d 

after AI in PALP. Unlike cows undergoing pregnancy loss enrolled in PALP (receive TAI 

within 3 d of the nonpregnancy diagnosis), cows undergoing pregnancy loss enrolled in 

ULTRA in our simulation had a 50% chance of re-insemination if detected in estrus before 

P2 or received TAI after re-enrollment in the Ovsynch program when diagnosed 

nonpregnant at P2. The magnitude of the difference, however, was minimal because of the 

low percentage (4.6%) of additional cows with pregnancy loss that had delayed re-

insemination in ULTRA versus PALP. Our results are in agreement with a previous 

simulation study using the same decision support tool, which reported that the additional 
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pregnancy loss observed with an earlier pregnancy diagnosis method around 32 d after AI 

did not cause major economic losses (Giordano et al., 2013).

CONCLUSIONS

A significantly higher incidence of pregnancy loss was detected in ULTRA compared with 

PALP, but earlier detection and rebreeding of nonpregnant cows occurred in ULTRA, 

although the difference was not significant. Overall, our study did not observe a statistical 

difference in the reproductive performance of lactating dairy cows when using either PALP 

or ULTRA for pregnancy diagnosis.
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Figure 1. 
Flowchart illustrating the timeline for assignment and reproductive management of cows by 

pregnancy diagnosis group. Cows were enrolled in the study at a first pregnancy diagnosis at 

31 ± 3 d after AI (by use of ultrasonography 31 ± 3 d after AI; ULTRA) or 38 ± 3 d after AI 

(by palpation per rectum 38 ± 3 d after insemination; PALP). Two levels of activity were 

used as a reference for artificially inseminating cows: an activity level of ≥2 when a cow 

was coded in DairyComp 305 (Valley Agricultural Software, Tulare, CA) as open 

(nonpregnant) and an activity level of ≥3 when the pregnancy status of the cow was 

unknown. TAI = timed AI.
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Figure 2. 
Kaplan-Meier survival analysis illustrating the effect of pregnancy diagnosis method: use of 

ultrasonography 31 ± 3 d after AI (ULTRA) versus use of palpation per rectum 38 ± 3 d 

after AI (PALP) on time to conception (a cow was labeled with a pregnant outcome if 

diagnosed pregnant at a second pregnancy diagnosis performed at 63 ± 3 d after AI) after 

initial AI (P = 0.53), where initial AI was the last AI before the cow was enrolled in the 

study.
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Figure 3. 
Kaplan-Meier survival analysis illustrating the effect of pregnancy diagnosis method: use of 

ultrasonography 31 ± 3 d after AI (ULTRA) versus use of palpation per rectum 38 ± 3 d 

after AI (PALP) on time to conception (time from a nonpregnant diagnosis from the AI 

before enrollment to a pregnant outcome diagnosed at a second pregnancy diagnosis, 63 ± 3 

d after insemination) for cows diagnosed nonpregnant and re-inseminated after enrollment in 

the study (P = 0.35).
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Figure 4. 
Kaplan-Meier survival analysis illustrating the effect of pregnancy diagnosis method: use of 

ultrasonography 31 ± 3 d after AI (ULTRA) versus use of palpation per rectum 38 ± 3 d 

after AI (PALP) on time to pregnancy loss for pregnancy losses occurring after enrollment 

in the study (P = 0.03). Pregnancy loss was defined as a pregnant diagnosis at 31 ± 3 d after 

insemination (ULTRA) or at 38 ± 3 d after insemination (PALP) followed by AI by estrus 

detection using electronic activity monitors or a nonpregnant diagnosis at second pregnancy 

diagnosis at 63 ± 3 d after insemination.

Pereira et al. Page 16

J Dairy Sci. Author manuscript; available in PMC 2015 March 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pereira et al. Page 17

Table 1

Cox’s proportional hazard regression showing the effect of pregnancy diagnosis method, assisted parturition, 

metritis, retained placenta, and parity on the hazard of conception1

Variable Regression coefficient (SE) Hazard ratio (95% CI) P-value

Pregnancy diagnosis method2

 ULTRA Referent 0.57

 PALP −0.03 (0.06) 0.97 (0.86; 1.08)

Assisted parturition

 Yes Referent 0.04

 No 0.24 (0.12) 1.27 (1.00; 1.60)

Metritis

 Yes Referent 0.02

 No 0.18 (0.08) 1.20 (1.03; 1.40)

Retained placenta

 Yes Referent 0.0003

 No 0.41 (0.11) 1.51 (1.20; 1.89)

Parity

 1 0.008 (0.07) 1.01 (0.86; 1.17) 0.36

 2 −0.08 (0.08) 0.92 (0.78; 1.07)

 >2 Referent

1
A cow was labeled with a pregnant outcome if diagnosed pregnant at a second pregnancy diagnosis performed at 63 ± 3 d after insemination.

2
ULTRA = pregnancy diagnosis by use of ultrasonography 31 ± 3 d after AI; PALP = pregnancy diagnosis by palpation per rectum 38 ± 3 d after 

insemination.
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Table 2

Logistic regression model evaluating the effect of pregnancy diagnosis method, parity, type of AI, and their 

interaction on the odds of pregnancy loss

Variable PL1 Adjusted odds ratio P-value

Main effects

 Pregnancy diagnosis method2

  PALP 5.2% (402) Referent 0.01

  ULTRA 9.8% (449) 2.00

 Parity

  1 6.5% (369) Referent 0.48

  2 8.8% (284) 1.42

  >2 8.0% (198) 1.3

 Type of AI3

  TAI 6.5% (659) Referent 0.01

  Activity 11.5% (192) 1.96

Interactions

 PALP × TAI 4.5% (306) Referent 0.007

 PALP × Activity 7.3% (96) 1.64

 ULTRA × TAI 8.2% (353) 1.86

 ULTRA × Activity 15.6% (96) 3.86

1
Percent of animals presenting a pregnancy loss, which was defined as a pregnancy diagnosis at 31 ± 3 d after insemination (ULTRA) or at 38 ± 3 

d after insemination (PALP) followed by AI by estrus detection using electronic activity monitors or a nonpregnant diagnosis at the second 
pregnancy diagnosis at 63 ± 3 d after insemination; values in parentheses correspond to the number of cows within each described category.

2
ULTRA = pregnancy diagnosis by use of ultrasonography 31 ± 3 d after AI; PALP = pregnancy diagnosis by palpation per rectum 38 ± 3 d after 

insemination.

3
TAI = timed AI by use of Ovsynch or Resynch; Activity = insemination by estrus detection based on electronic activity monitors.
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