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Short communication: Accuracy of corpus luteum color flow
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in dairy cows on day 21 after insemination
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ABSTRACT

The main objective of this study was to determine
the accuracy of corpus luteum color flow Doppler ultra-
sonography (CLCFDU) to diagnose nonpregnant dairy
cows 21 d after insemination. A secondary objective
was to determine the accuracy of other indirect tests
such as corpus luteum size and progesteronemia. Data
from 1,632 Holstein cows (10 commercial herds) were
used for the analysis in this prospective cohort study.
The herds were visited weekly by a veterinarian and an
animal health technician. During farm visits, cows were
examined on d 21 after insemination using transrectal
B-mode ultrasonography to quantify the presence and
size of the corpus luteum. After identification of the
corpus luteum, CLCFDU was performed and scored
as DO, D1, D2, or D3 when 10% or less, between 11
and 30%, between 31 and 60%, or 61% or more of the
corpus luteum surface was colored, respectively. A
blood sample from coccygeal vessels was also collected
to quantify progesteronemia. Farmers were blinded to
these findings and no intervention was performed fol-
lowing examination. On d 32 after insemination, the
cows were examined by the regular herd veterinarian
using transrectal palpation and B-mode ultrasonogra-
phy to determine whether the cows were pregnant or
not (the reference test). Statistical analyses were con-
ducted using 2 x 2 contingency tables. The apparent
prevalence, sensitivity, specificity, positive predictive
value, and negative predictive value of CLCFDU for
predicting nonpregnancy were 22.0, 36.6, 99.0, 98.1,
and 52.0%, respectively, when using DO only as the
diagnostic criterion; they were 47.2, 76.4, 94.8, 93.5,
and 73.8%, respectively, for DO+D1 criteria. The same
measures for cows with a corpus luteum <15 mm were
8.0, 11.7, 97.5, 86.9, and 43.4%, respectively, and they
were 51.9, 67.4, 70.4, 76.6, and 60.0%, respectively,
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for progesteronemia <1 ng/mL. The measures of ac-
curacy of CLCFDU to identify nonpregnant cows on
d 21 after insemination were high, and the apparent
prevalence varied depending on the diagnostic criteria
used. The measures of accuracy of corpus luteum size
(<15 mm) for the same purpose were high; however,
apparent prevalence was low. The measures of accuracy
of progesteronemia (<1 ng/mL) were low. In conclu-
sion, CLCFDU had excellent accuracy to diagnose
nonpregnancy in dairy cows on d 21 after insemination.
Key words: dairy cow, Doppler, pregnancy, corpus
luteum, progesterone

Short Communication

Pregnancy diagnosis on dairy farms helps to iden-
tify nonpregnant cows to rebreed them and improve
reproductive efficiency (Fricke et al., 2016). Transrectal
palpation with or without the use of B-mode ultraso-
nography is a direct pregnancy test commonly used on
farms (Fricke et al., 2016). Indirect pregnancy tests can
also be used to facilitate reproductive management on
farms. For example, corpus luteum size is sometimes
used to identify nonpregnant cows to implement re-
breeding strategies (Kelley et al., 2016). Pregnancy-
associated glycoproteins and progesterone in blood or
milk can also be quantified to achieve the same goal
(Romano and Larson, 2010; LeBlanc, 2013; Fricke et
al., 2016).

Color flow Doppler ultrasonography has been used to
monitor blood flow in reproductive tract organs of cows
and ewes (Bollwein et al., 2016; Beltrame et al., 2017;
Arashiro et al., 2018). The use of corpus luteum color
flow Doppler ultrasonography (CLCFDU) to monitor
blood flow has been shown to accurately identify non-
pregnant dairy cows 20 d after insemination (Siqueira
et al., 2013), with the absence of blood flow indicating
the absence of pregnancy. It has also been shown to be
a useful tool to measure luteal blood flow in Bos indicus
dairy cows during the 3 wk after insemination (Hassan
et al., 2019), as well as for the selection of recipients
for embryo transfer in beef cows (Pugliesi et al., 2019).
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Although the body of literature on the use of
CLCFDU in dairy cows has increased over the last 5
yr, much remains unknown. Its accuracy for identify-
ing nonpregnant cows among 317 cows as soon as 20
d after insemination, as reported by Siqueira et al.
(2013), is impressive and could influence how reproduc-
tion is managed on dairy farms. Being able to identify
nonpregnant cows and rebreed them at d 21 after in-
semination could help establish a sustainable strategy
for commercial dairy farms (with reproductive exams
always performed on the same day of the week).

Therefore, the main objective of this study was to
determine the accuracy of CLCFDU to diagnose non-
pregnancy in dairy cows 21 d after insemination. A
secondary objective of this study was to determine the
accuracy of other indirect tests—corpus luteum size
and progesteronemia—for the same purpose. The hy-
pothesis was that CLCFDU, corpus luteum size, and
progesteronemia would have high accuracy to identify
nonpregnant cows but would not be accurate tests to
identify pregnant cows.

A prospective cohort study was conducted in 10
Holstein herds conveniently selected within the client
list of the bovine ambulatory clinic of the Faculté de
médecine vétérinaire of the Université de Montréal (St-
Hyacinthe, QC, Canada). Herd inclusion in the study
was based on willingness to participate, on being within
a 1-h drive of St-Hyacinthe (QC, Canada), on having
a high proportion of their breeding based on ovula-
tion synchronization strategies, and on having an ap-
propriate farm setup to perform data collection. Once
a farmer agreed to participate, the herd was visited
every week by a veterinarian and an animal health
technician. Farm visits were always on the same day of
the week and this day was targeted based on the herd
breeding strategy.

A sample size of 1,650 cows was estimated for the
study based on an expected sensitivity or specificity
of 95% for the tests (CLCFDU, corpus luteum size,
and progesteronemia), a minimal acceptable confidence
level limit of 90%, an expected prevalence of nonpreg-
nant cows of 20% (Flahault et al., 2005), and a loss to
follow-up of 10% of the cows.

In participating herds, only cows were enrolled (no
nulliparous animals) and they were exclusively bred by
Al The voluntary waiting period in these herds was 50
d. All cows were bred using an ovulation synchroniza-
tion protocol for the first breeding. Depending on the
herd, between 78 and 100% of subsequent breedings
were performed with ovulation synchronization proto-
cols.

During the farm visits, all cows at d 21 after Al un-
derwent transrectal ultrasonographic examination (Fx-
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aGo, IMV Imaging, Angouléme, France) of the ovaries
using the B-mode function (rectal probe; frequency 7.5
MHz; dynamic range: 60 dB) to quantify precisely the
presence and size of corpus luteum. Size was quantified
by measuring the diameter of the corpus luteum (mm).
Once identified, the corpus luteum was examined using
the color flow Doppler function (frequency: 6.0 MHz;
pulse repetition frequency: 4,000 Hz). A semi-objective
scoring chart was used to classify corpora lutea as DO,
D1, D2, or D3 when 10% or less, between 11 and 30%,
between 31 and 60%, or 61% or more of the corpus
luteum surface was colored, respectively. In cases of
a cystic corpus luteum, the surface used for analysis
excluded the area filled with fluid. Each corpus luteum
was examined twice during the same transrectal palpa-
tion and the highest score was retained. Farmers were
blinded to the ultrasonographic results and no interven-
tion was performed on cows based on the study results.

In a subsample of 200 cows, a second veterinarian
(blinded to the first veterinarian’s results) also per-
formed a complete ultrasonographic examination (per-
formed first in 100 cows and second in 100 other cows).
The results from both veterinarians were compiled
independently to calculate the inter-observer agree-
ment. To do this, CLCFDU videos were taken from
100 cows and compiled; they were reviewed and scored
1 mo later by the same veterinarian (blinded to the
farm results). To calculate intra-observer agreement, a
subsample of 100 cows were randomly re-examined at
d 21 after insemination by the first author (J. Dubuc),
who was blinded to the previous results.

After the CLCFDU examination, cows were bled from
coccygeal vessels using a dry blood collection evacu-
ated tube (BD Vacutainer, Becton Dickinson and Co.,
Franklin Lakes, NJ). The blood samples were allowed
to clot, transported on ice to the laboratory, and cen-
trifuged (3,000 x g, 5 min, 4°C). Serum was extracted
and frozen at —20°C. Serum samples were sent to the
veterinary diagnostic service of the Université de Mon-
tréal (St-Hyacinthe, QC, Canada) for quantification
of progesterone using a sequential ELISA (Immunlite,
Siemens, Mississauga, ON, Canada) validated for use in
cattle (Martin et al., 2007). The analytical sensitivity
of the test was 0.2 ng/mL, and the inter- and intraassay
coefficients of variation of this test were 8.1 and 6.5%,
respectively.

All participating cows were examined by the regu-
lar herd veterinarian on d 32 after insemination using
transrectal palpation and B-mode ultrasonographic ex-
amination. Cows were classified as pregnant (presence
of embryonic vesicle with heartbeat) or nonpregnant;
the latter were subsequently synchronized for breeding
according to usual farm procedures.
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Table 1. Prevalence, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of 3 tests (corpus
luteum color flow Doppler ultrasonography, corpus luteum size, and progesteronemia) performed on d 21 after Al for predicting nonpregnancy

on d 32 after Al in 1,632 Holstein cows enrolled in an observational study

PPV,' %
(no.)

NPV,' %

(no.)

Accuracy,” %
(no.)

Apparent
prevalence,’ Sensitivity," Specificity,’
Diagnostic category % (no.) % (no.) % (no.)
Color Doppler®
DO only 22.0 (359/1,632) 36.6 (352/963) 99.0 (662/669
D0+D1 47.2 (771/1,632) 76.4 (736/963) 94.8 (634/669
D0+D1+D2 82.5 (1,346/1,632) 99.8 (961/963) 42.5 (284/669

Corpus luteum size (mm)

( ( ( )

( ( ( )

( ( ( )
<11 4.8 (78/1,632) 7.7 (74/963)  97.9 (655/669)
<13 5.9 (97/1,632) 8.9 (86/963)  97.6 (653/669)
<15 8.0 (130/1,632) 11.7 (113/963)  97.5 (652/669)
<17 11.9 (195/1,632) 16.8 (162/963) 95.1 (636/669)
<19 17.6 (287/1,632)  23.9 (230/963) 90.0 (602/669)

Progesteronemia (ng/mL)

<0.8 48.5 (791/1,632) 0.6 (680/963) 83.4 (558/669)
<0.9 49.6 (809/1,632) 8.7 (662/963) 78.0 (522/669)
<1.0 51.9 (847/1,632) 7.4 (649/963) 70 4 (471/669)
<1l.1 54.0 (881/1,632) 5.2 (628/963) 62.2 (416/669)
<1.2 55.4 (904/1,632) 3.1 (608/963) 55.8 (373/669)

98.1 (352/359)
95.5 (736/771)
71.4 (961/1,346)

64/78)

230,287

86.0 (680/791
81.8 (662/809
76.6 (649/847
71.3 (628/881

(
(
(
(
%
(162/195
(
(
(
E
67.3 (608,/904

e T — T

52.0 (662/1,273)
73.6 (634/861)
99.3 (284/286)

(

(

(

42.1 (655/1,554)
425 (653/1,535)
43.4 (652/1,502)
44.3 (636/1,437)
44.8 (602/1,345)
66.3 (558/841)
63.4 (522/823)
60.0 (471/785)
55.4 (416/751)
51.2 (373/728)

62.1 (1,014/1,632)
83.9 (1,370/1,632)
76.3 (1,245/1,632)

(

(

(

44.7 (726/1,632)
45.3 (739/1,632)
46.9 (765/1,632)
48.9 (798/1,632)
51.0 (832/1,632)
75.6 (1,238/1,63
72.5 (1,184/1,63
68.6 (1,120/1,63
64.0 (1,044/1,63
60.1 (981/1,632)

DN DN N DN

)
)
)
)

'Of nonpregnancy.
*True positive 4 true negative/all examined cows.

DO refers to 10% or less of the corpus luteum surface being colored; D1 refers to 11 to 30% of the corpus luteum surface being colored; D2 refers

to 31 to 60% of the corpus luteum surface being colored.

Statistical analyses were performed with SAS (SAS
Institute Inc., Cary, NC). The cow was the unit of in-
terest. Descriptive statistics were computed using the
FREQ and MEANS procedures. Contingency 2 x 2
tables were created using the FREQ procedure. Mea-
sures of accuracy, including sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value
(NPV), and accuracy (true positive + true negative/
all examined cows) to identify nonpregnancy were cal-
culated for these tables. The reference test was nonpreg-
nancy status at d 32 after Al. For the CLCFDU results,
data were dichotomized using various categories (DO
only; DO+D1; DO+D1+D2). A 2 x 2 table was built for
each category and accuracy measures were computed
each time. A similar approach was used to dichotomize
corpus luteum size (<11, <13, <15, <17, and <19 mm)
and progesteronemia (<0.8, <0.9, <1.0, <1.1, and <1.2
ng/mL). Inter- and intraobserver agreement measures
(kappa values) for CLCFDU were computed using the
FREQ procedure (Dohoo et al., 2003).

A total of 1,681 cows from 10 herds were enrolled
in this observational study. Herd size ranged from 70
to 300 milking cows. Forty-nine cows were examined
on d 21 after insemination but were removed from
the herd between d 21 and 32. Therefore, 1,632 cows
were eligible for inclusion in statistical analyses. On d
32 after insemination, 41.0% (669/1,632) of the cows
were pregnant and 59.0% (963/1,632) were nonpreg-
nant (true prevalence of nonpregnancy). On d 21 after
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insemination, the distribution of CLCFDU scores was
DO0: 22.0% (359/1,632), D1: 25.3% (412/1,632), D2:
35.2% (575/1,632), and D3: 17.5% (286/1,632). The
median corpus luteum size on d 21 after insemination
was 22 mm (6-38 mm). The median progesteronemia
on d 21 after insemination was 2.6 ng/mL (0.2-9.7 ng/
mL). The apparent prevalence, sensitivity, specificity,
PPV, and NPV of CLCFDU, corpus luteum size, and
the progesteronemia categories to identify nonpreg-
nancy are presented in Table 1. Inter- and intraobserver
agreement (weighted kappa) for CLCFDU were 0.90
and 0.94, respectively. Examination time took between
1 and 3 min per cow.

Based on the hypotheses, the study focused on vali-
dating the accuracy of CLCFDU, corpus luteum size,
and progesteronemia to diagnose nonpregnant cows.
The accuracy measures reported here should be inter-
preted in that context (especially when comparing with
other studies that might have used comparison with
pregnancy status). The accuracy measures for diagnos-
ing nonpregnancy using CLCFDU were high (99.0% for
the DO only category and 94.8% for D0+D1 category)
and similar to those reported by Siqueira et al. (2013),
although the scoring techniques and the formulas for
calculation of PPV and NPV were slightly different.
The results from both studies support the fact that
CLCFDU can be used to accurately diagnose nonpreg-
nancy on d 20 and 21 after insemination. The apparent
prevalence of nonpregnancy on d 21 after insemination
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when using CLCFDU varied depending on which diag-
nostic category was used; 22.0% for DO only and 47.2%
for DO+D1. The latter is closer to the true prevalence
of 59.0%; however, it implies that the specificity and
PPV to identify nonpregnant cows are 94.8 and 95.5%,
respectively. A user who would prefer to minimize the
risk of diagnosing a nonpregnancy in an animal that
is actually pregnant should use the DO only category
(specificity: 99.0%; PPV: 98.1%). It should also be kept
in mind that CLCFDU is not a good test to confirm
that an animal is pregnant, because a high corpus lu-
teum blood flow on d 21 after insemination does not
automatically mean that the cow will be pregnant on d
32 after insemination. For example, the proportions of
false negatives in our study were 48.0, 26.4, and 0.7%
for DO, DO+D1, and D0O+D1+D2 scores, respectively.

A small corpus luteum size (<15 mm) is sometimes
used to identify nonpregnant cows (Kelley et al., 2016).
Based on the present study results, the accuracy of
this approach for diagnosing nonpregnancy was 97.5%;
however, it lead to a low apparent prevalence of 8.0%.
This means that when examining 100 cows using this
diagnostic approach on d 21 after insemination, only
8 cows (out of a true potential of 59) would be di-
agnosed nonpregnant. This method requires a lot of
effort to identify only 8 cows, which could limit the
potential benefit of implementing it. Increasing the cor-
pus luteum size diagnostic criteria could help identify
more nonpregnant cows, but even then, the apparent
prevalence would remain relatively low (no more than
17.5%).

Low progesteronemia (<1.0 ng/mL) is sometimes
used to identify cows in luteolysis (Stevenson and
Phatak, 2010). Our study results show that its accu-
racy to diagnose nonpregnancy is low. This might be
influenced by extended luteal phases and is consistent
with other studies (Fricke et al., 2016). When compar-
ing these results with other studies, the sensitivity of
the analytical method used must be considered, as well
as factors such as animal weight, breed, and parity.
Therefore, this test should be used and interpreted with
care.

Although comparing test results from d 21 and
32 after insemination is not ideal (comparing 2 tests
on the same day would be preferable), it should not
have influenced the specificity and PPV for predicting
nonpregnancy. In other words, cows that were truly
nonpregnant on d 21 after insemination are still going
to be nonpregnant on d 32. However, interpretation
should carried out carefully regarding the sensitivity
and NPV of nonpregnancy; the tests performed on
d 21 could only tell if a cow was possibly pregnant.
Therefore, CLCFDU should not be used to identify
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pregnant cows. The apparent prevalence data should
also be interpreted with care, because cows might have
been pregnant on d 21 and have lost the embryo before
d 32. This could have biased our apparent prevalence
estimation of nonpregnancy.

In conclusion, CLCFDU had high accuracy to diag-
nose nonpregnancy in dairy cows on d 21 after insemi-
nation, and its apparent prevalence varied depending
on the diagnostic criteria used. The accuracy of corpus
luteum size (<15 mm) for the same purpose was high;
however, its apparent prevalence was low. The accuracy
of progesteronemia (<1 ng/mL) was low. To implement
the use of CLCFDU on farms, future studies should
investigate which rebreeding strategies increase the
subsequent reproductive performance.
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