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Introduction

In bovine practice, per rectum palpation of uterine contentsis one of the most frequent methods
used for pregnancy diagnosis by veterinarians around the world.*” It is generally understood that a
trained veterinarian is able to correctly detect pregnant and nonpregnant animals by days 35 after
breeding.*™ The importance of a systematic and nontraumatic technique of per rectum pal pation (PRP)
cannot be overemphasized, asit iswell known that embryonic or fetal deaths can be induced accidentally
or iatrogenically by PRP of the uterus.****

An important step in intensive cattle production systems (e.g., dairy farms, embryo transfer
programs, and pure breed farms) is to perform a pregnancy diagnosis within 45 days after breeding.’**
The main purpose of examining cows or heifers early after insemination is not only to correctly detect
pregnant cows but also to detect with confidence nonpregnant females in order to manage, treat, cull, or
synchronize estrus.'®*® Early pregnancy diagnosis can assist the producer in managing nonpregnant
females and improving reproductive performance and economics of their herd.

There is contradictory information about the potential deleterious effect of PRP of the uterus for
early pregnancy diagnosis on embryo or fetus viability. Some studies have suggested an adverse effect of
PRP.’¥2% |n contrast, other studies*? have suggested little effect of the time at which the first PRPis
performed after insemination on calving rate.

Previous investigators diagnosed pregnant females by PR progesterone concentrations™?*
or pregnancy-specific proteins.?** However, these methods are not able to assess the viability of the
embryo or fetus. Most published studies lack a positive control group of contemporaneous “pregnant
non-per rectum palpated group” ,***° to differentiate the effects of PRP from the spontaneous pregnancy
loss occurring during early pregnancy. The interval between PRP and reevaluation varied from 30 to 90
days,’® 44 to 48 days,® at calving™ or flexible depending if the PRP was performed before or after 40
days of pregnancy.™ A high level of peripheral progesterone as an indication of pregnant femalesis not a
completely accurate method of pregnancy diagnosis. Progesterone level is high in conditions other than
pregnancy, asin presence of luteal cysts, long estrous cycles, short estrous cycle, sampling during luteal
phase, pyometra®® aswell asin a pregnant female with embryo or fetus death or in process of
degeneration.™?° Progesterone level is an excellent indicator of nonpregnancy status rather than
pregnancy status.*>*! The pregnant bovine female produces different kinds of PSP such as protein B.
Bovine pregnancy-specific protein B (bPSP-B), a glycoprotein produced by the giant cells of the
trophoblast, however, remains elevated despite death or degeneration of the embryo or fetus.*>?"* In
induced embryo/fetal death, elevated levels of progesterone®®or PSP-B,?” aswell as positive signs of
pregnancy, persisted for several days despite the embryo or fetal death'*? In arecent study of
spontaneous pregnancy loss in dairy cattle, elevated levels of PSP-B persisted™®

Differences among farms in pregnancy loss are well established and are related more to
management factors than to infectious diseases.®® This was not taken into consideration in some studies.
Most of the previous investigations pool heifers with cows. One study showed that pregnant heifers have
lower pregnancy loss than cows;* however, these data were retrospective and lacked a control group.
Twin pregnancies increase the risk of pregnancy loss.”*® Interestingly, in most of the studies dealing with
pregnancy loss, the number of twin pregnancies was not reported.’

Studiesin the United States and in other areas of the world have found an association between
amniotic sac per rectum palpation (ASP) during the embryonic period for pregnancy diagnosis until day
45 of gestation® and an increased risk of atresia coli/jejuni in newborn calves3"*! In atresia coli/jejuni, a
section of the large bowel or jgjunum is absent, resulting in ablind intestinal tube. Thisclinical
congenital condition is lethal, and surgical correction is the only treatment available.** Atresia
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coli/jgjuni has been reported in different countries and in more than ten breeds of cattle, with a marked
predominance in Holstein calves.* Based on those findings, some authors have recommended avoiding
PRP of the uterus during the first 45 days of gestation.33%4"%® |ntestinal atresia was also reported to be
inherited as an autosomal-recessive trait in Jersey and Swedish Highland cattle.**® Intestinal atresia
could develop either from imperfect canalization, of the gut or from insufficient blood supply to the
affected portion of the intestine®and A SP was suggested to act for this latter mechanism. 4
Nevertheless, the cause of atresia coli/jgjuni remains controversial and not completely understood. 465!
In the author’ s practice, ASP is not routinely used for early pregnancy diagnosis; however, cases of
atresiacoli or jejuni were detected. Interestingly, cases of atresia coli/jejuni were also diagnosed in
newborn calves from dams that underwent PRP only by detection of allantochorion membrane during the
first trimester of gestation, either during the late embryonic period or fetal period, during the second
trimester of gestation; females were diagnosed as pregnant only by transrectal ultrasonography (TRUS;
Romano, unpublished data).

Finally, in most of these previous studies, real practice conditions for PRP were not followed; that
isonly one veterinarian pal pated per rectum each cow or heifer once looking for positive signs of
pregnancy. In those studies, females were pal pated by more than one person successively or different
technicues were used in the same animal by more than one person™*® In those cases, the procedure of
PRP appears more invasive than that used for pregnancy diagnosisin aregular practice.

Confirmation of pregnancy status before or at the time of PRP by another method alows for the
differentiation of spontaneous pregnancy loss from pregnancy loss potentially induced by PRP. The use
of transrectal ultrasonography permits an earlier pregnancy diagnosis than PRP, givesimmediate
information about the presence of positive signs of pregnancy as well as embryo or fetus viability, and
reduces the potential misdiagnosis of pregnancy.*** In addition, reports about the use of ultrasonography
during pregnancy have shown that it is a safe technique that does not affect embryo or fetus viability.>*%’

The objective of this manuscript is to cover five studies, the first of which evaluated the effects of
PRP using the fetal membrane dlip technique for early pregnancy diagnosis during late embryonic period
on pregnancy loss. The second study evaluated the degree of invasiveness of PRP on pregnant females on
the proportion of pregnancy loss. Thethird study compared the effect of PRP using the fetal membrane
dlip technique, not only on proportion of pregnancy loss but also in the type of pregnancy loss. The
fourth study evaluated the effect of detection of ASP during the late embryonic period on pregnancy loss.
The fifth study assessed the effect of detection of ASP during the late embryonic period for pregnancy
diagnosis on pregnancy loss, calving rates, and abnormalitiesin newborn calves.

Materials and methods

First study

A controlled randomized block design with two blocks, one by category and the other by number
of embryos, was performed.” The categories were cows and heifers. Single and twin pregnancies were
determined based on number of embryos. Five hundred and twenty clinically healthy pregnant females
(360 cows and 160 heifers) with a viable embryo detected by transrectal ultrasonography between days 29
and 32 after artificial insemination were included. The pregnant females were randomly divided into two
equals groups:. per rectum palpation (PAL group) and no per rectum palpation (NPAL group). The PAL
group was subjected to PRP using the fetal membrane slip (FM'S) technique (detection of allantochorion
membrane) once between days 34 and 41 of pregnancy.>® All PRPs were performed by the same person
who avoided palpating the amniotic sac. Throughout the investigation period the females did not undergo
any other PRP. Both groups were subjected to additional transrectal ultrasonography at days 45 and 60 of
pregnancy. Day 45 was used to monitor spontaneous late embryonic death for the control group and the
potential immediate deleterious effects of PRP on embryo viability. Day 60 was used to monitor
spontaneous early fetal death for the control group and the potentia late deleterious effect of PRP on
viahility of the fetus. All TRUS procedures were performed in the morning, by the same operator, using
an Aloka SSD 500 ultrasound machine equipped with a5 MHz linear transducer. The diagnosis of
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pregnancy |loss was made when there was no embryonic or fetal heart beat; signs of embryonic/fetal
degeneration were observed, or when the positive signs of preghancy were absent in a cow or heifer
previously diagnosed as pregnant by TRUS.

Second study

A controlled randomized block design was performed.® T he blocking was performed by farms,
categories, and number of embryos. Nine hundred twenty eight pregnant females with a viable embryo
between 28 and 34 days detected by TRUS were included. Two farms were used. The categories were
cows and heifers. The number of embryos determined single and twin pregnancies. The females were
divided in two groups: control (CON; n= 476) and per rectum palpation (PAL; n=452). In addition, the
PRP groups were randomly divided in per rectum palpation 1 (PAL-1; n= 230) and per rectum palpation 2
(PAL-2; n=222). The control group was not subjected to PRP. The PAL-1 and PAL-2 groups were
subjected to PRP using the FM S technique once or twice at the same examination between days 34 and
43 of pregnancy, respectively. Further, these groups were subjected to two additional TRUS procedures
at days 45 and 60 as described in the first study and the same criteria of pregnancy and pregnancy loss
were used.

Third study

In this study, 580 pregnant females with a viable embryo diagnosed by TRUS (as studies 1 and 2)
were used.®® Two hundred seventy-two females were palpated using the FM S technique once between 34
and 41 days of pregnancy, and 308 females not palpated were included. These animals were evaluated
again by TRUS at 45 and 60 days later asin studies 1 and 2. The use of PRP for embryonic or fetal
attrition (induced abortion) produced a pregnancy loss that is characterized by persistence of a positive
FMS detected by PRP for two weeks, signs of conceptus degeneration for three weeks detected by TRUS
(three weeks), and maintenance of afunctional corpus luteum for around four weeks'***? as described
for spontaneous pregnancy loss type |.> Therefore, if PRP for pregnancy diagnosis is deleterious for the
embryo or fetus, the proportion of pregnancy loss should be higher than in a nonpal pated pregnant group
(positive control group), and the pregnancy loss will be characterized by persistence of positive signs of
pregnancy, signs of conceptus degeneration, and persistence of afunctional corpus luteum and should be
higher than the non-per rectum pal pated pregnant group.

Fourth study

A controlled randomized block design that included 347 clinically healthy lactating pregnant
cattle was performed.®* All cattle were detected pregnant by use of TRUS at approximately day 29 after
estrus and randomly allocated into two groups (control group [CON; n = 167 cows] and amniotic sac per
rectum palpation group [ASP; n=180]). The CON group was not subjected to pregnancy diagnosisvia
PRP. The ASP group involved the compression of the pregnant uterine horn by PRP and detection of the
amniotic sac vesicle between the hand and the fingers.??> The entire ASP was performed by one trained
veterinarian between days 34 and 43 after estrus. All cattle were reevaluated by TRUS on days 45, 60,
and 90 to determine viability of conceptus. The same criteria of pregnancy and pregnancy loss were used
asin the previous studies.

Fifth study

The present investigation was a randomized controlled blocked double-blind design that included
680 pregnant lactating dairy cows.®® The blocks for farms and two farms (farms A and B) were used.
From each farm, the females were diagnosed as pregnant based on the presence of aviable embryo by
TRUS between Days 28 and 45 after breeding by the same veterinarian. Then, the pregnant females were
randomly assigned to control (CON group, ho PRP) and treatment groups (ASP group, per rectum
amniotic sac palpation). The CON group did not receive any PRP of the uterus. All the ASPswere
performed only once between Days 34 and 45 after artificial insemination by a board-certified
theriogenologist. After being subjected to their respective treatments, each female was reevaluated for
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pregnancy only by TRUS again between two and four weeks later in both farms. In farm A, the same
veterinarian was involved in the initial treatment and reexamination; however, he was blind to the
treatment of each cow at the time of reexamination. Infarm B, preghancy reexamination was performed
by two different veterinarians who were blind to the treatment but were aware about the project. Then, all
of the females pregnant at reexamination were followed until calving. Every abortion, premature calf, or
stillbirth was submitted for necropsy to determine the type of abnormalities, if any. The veterinariansin
charge of the necropsy were different from theinitial PRP and from the reexaminations. All the calves
born alive were maintained for observation for three to five days postpartum to detect any of
abnormalities.

Statistical analysis

The proportion of females suffering pregnancy loss was compared between treatment groups
using Chi-sguare analysis or Fisher exact test as appropriate. In addition, binary logistic regression
analysis was used to detect the effect of farm (second and fifth study), categories (first, second and third
studies) and the number of embryos (first, second, third, and fourth studies). A difference was considered
statistically significant at P<0.05.%*% A software program was used to analyze all data sets.®®

Results

First study

The overall pregnancy loss between days 30 and 60 was 14.0%. Late embryonic pregnancy 10ss
(from 30 to 45 days; 10.0%) was significantly higher than fetal death (from 46 to 60 days;, 4.5%;
P<0.001). Pregnancy loss between the PAL group (14.7%) and the NPAL group (13.4%) was not
significantly different (P>0.05). Pregnancy loss was higher in cows (16.4%) than in heifers (8.8%;
P<0.025) and in females pregnant with twins (25.5 %) compared with single pregnancies (12.9%;
P<0.025).

Second study

The overall percent of pregnancy loss between days 28-34 and 60 was 14.1% (131/928). Late
embryonic pregnancy loss for CON, PAL-1 and PAL-2 groups was 12.6% (60/477), 9.1% (21/230), and
9.5% (21/221), respectively (P=0.28). Fetal pregnancy loss for the same groups was 2.4% (10/417), 3.8%
(8/209), and 5.5% (11/200), respectively (P=0.15). The overall percentage of pregnancy lossfor CON,
PAL-1, and PAL-2 from days 28 to 34 to 60 was 14.7% (70/477), 12.6% (29/230), and 14.5% (32/221),
respectively (P=0.74). No statistical differences were detected among groups in all the possible
comparisons.

Third study

Out of 272 pregnant females in the PRP group, 41 were found with pregnancy loss (15.1%),
while out of the 308 females pregnant in the non-PRP group, 46 were found with pregnancy loss (14.9%)
at day 60 after artificial insemination (P>0.05). Pregnancy loss characterized by persistence of positive
signs of pregnancy was 17 (6.3%) from the PRP group and 26 (8.4%) from the non-PRP group,
respectively (P>0.05). No statistical differences between groups either in the proportions and type of
pregnancy |oss were detected.

Fourth study

Overall pregnancy loss between days 29 and 90 was 12.7% (44/347). Overall pregnancy loss for
late embryonic period (days 29 to 45; 9.5%) was significantly (P=0.001) higher than for early (days 46 to
60; 2.5%) or late (days 61 to 90; 1%) fetal periods. The pregnancy loss between days 29 and 90 between
CON and ASP groups was 13.2% and 12.2%, respectively (P=0.79). Late embryonic pregnancy loss for
the CON and ASP groups was 10.8% and 8.3%, respectively (P=0.44). Early fetal pregnancy loss for
CON and ASP groups was 1.3% and 3.6%, respectively (P=0.93), and late fetal pregnancy loss for the
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same groups was 1.4% and 0.6%, respectively (P=79). No differences were detected between early and
late fetal period (P=0.24). The percentage of cowswith twinsat initial pregnancy diagnosisby TRUS
was 7.5%. The pregnancy loss (days 29 to 90) in single pregnancies was 12.2%, and in twin pregnancies,
it was 19.2% (P=0.29).

Fifth study

Infarm A, the early pregnancy loss rate for the CON group was 11.5% (19/165), and it was
13.2% (24/182; P=0.64) for the ASP group. Infarm B, the early pregnancy loss rate for the CON group
was 11.2% (19/170), and it was 8.8% (14/159; P=0.48) for the ASP group. The early pregnancy loss
between rate for farm A (12.4%; 43/347) and farm B (10.0%; 33/329) was not different (P=0.33). In farm
A, the late pregnancy loss rate for the CON group was 7.6% (11/145), and it was 5.2% (8/155; P=0.39)
for the ASP group. In farm B, the late pregnancy loss rate for the CON group was 3.7% (5/137), and it
was 6.3% (8/127; P = 0.32) for the ASP group. The late pregnancy loss rate between farm A (6.3%;
19/300) and farm B (4.9%; 13/264) was not different (P=0.47). Infarm A, the early pregnancy loss rate
was higher than the late pregnancy loss rate (12.4% vs 6.3%; P=0.01). Infarm B, the same results were
detected (10.0% vs 4.9%; P=0.02). In both farms, the overall early pregnancy loss rate was higher
(11.2%; 76/676) than late pregnancy loss rate (5.7%; 32/564; P = 0.0005).

Infarm A, calving rate one for the CON group was 81.2% (134/165), and it was 80.8% (147/182;
P=0.92) for the ASP group; calving rate two for the same groups was 92.4% (134/145) and 94.8%
(147/155), respectively (P=0.68). Infarm B, calving rate one for the CON group was 77.7% (132/170),
and it was 74.8% (119/159; P = 0.55) for the ASP group; calving rate two for the same groups was 87.4%
(132/151) and 82.1% (119/145), respectively (P=0.20). The calving rate one for farm A was 80.9%
(281/347), and it was 75.4% (251/333; P=0.14) for farm B; calving rate two for farm A was 92.4%
(281/304), and it was 84.8% (251/296; P=0.0005) for farm B. Two calves with atresia coli were
diagnosed by necropsy only in the CON group in Farm A (P=0.23). These calves were singleton females
born alive from Holstein dams and sires. The gestation length was 273 and 288 days. All the fetuses or
calves born dead and necropsied were negative for intestinal atresia.

Discussion

These five independent studies showed that per rectum palpation for pregnancy diagnosis using
either the FM'S or amniotic sac detection did not increase the pregnancy loss.”**%% The experimental
design allowed differentiation between the effects of PRP from the spontaneous pregnancy |osses,
because a positive control group of contemporaneous pregnant females non-per rectum pal pated was
included. This approach was only possible at thistime, because TRUS permitted detection of pregnant
females and the assessment of conceptus viability at an earlier stage of pregnancy. In addition, TRUS
excluded pregnant females with an embryo already dead or in process of degeneration from al these
investigations,’°2%%-6163

In the current studies, the PRP technique used was similar to those employed by most
veterinarians in private practice for pregnancy diagnosis. Each female was subjected to PRP by only one
person a single time while trying to find a positive sign of pregnancy. In earlier reports, realistic
conditions were not followed, because the femal es were evaluated by more than one person successively;
different techniques were utilized, or various procedures were applied successively to the same female by
more than one person.’##

Previous investigators of PRP and pregnancy loss did not report the number of twin pregnancies.
Factoring twins into the result isimportant, asit can skew the results.”*>> In some of the present studies,
the numbers of twins were balanced between groups; therefore, the high inherent risk of pregnancy loss of
twin pregnancies was equalized between treatments. The risk of pregnancy loss is more than doublein
twin pregnancies compared with single pregnancies.”*>>

Pregnancy loss in cows was amost double than in heifers at the same stage of pregnancy. In
most previous studies of PRP, heifers and cows were not separated.’®'° A study, in which PRP was used
between 30 and 70 days after breeding, showed that pregnancy loss was almost three times higher in cows
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than in heifers® The reasons why cows lose more pregnancies than heifers are unknown. Twinning rate
can be one of these factors. However, in the present experiments, when the number of cows with twins
was excluded from the statistical analysis areduction in the percentage of pregnancy |oss was observed.
Nevertheless, pregnancy loss continued to be higher in cows than heifers. Therefore, factors other than
twin pregnancy are implicated in such pregnancy loss. Stress of lactation, subclinical mastitis, deficient
nutritional support, and insufficient hormonal levels could be other causes for this increased mortality
rate.

All of the studies agreed that examinations during the embryonic period detected more
spontaneous pregnancy |loss compared with later periods.”**%1% Therefore, it is recommended that any
female detected as pregnant during late embryonic period will require a further reexamination to reduce
the chances of potentially maintaining a nonpregnant female in the production system.

In the second study, the use of more than one FM S at the same examination for pregnancy
diagnosis as ameasure of invasiveness of the technique did not increase the proportion of pregnancy
loss.® The proportion of pregnancy loss was not different among the groups, with one or two fetal
membrane glips at the same examination compared to the positive control group of non-pal pated per
rectum pregnant females. These results showed that PRP was not del eterious for the conceptus under the
same experimental conditions.

The third investigation not only confirmed the results of the first two studies, but aso supports
with additional evidence that PRP was not harmful to the conceptus.®* If PRP produced embryonic or
fetal attrition, the pregnancy loss would be characterized by persistence of positive signs of pregnancy by
per rectum pal pation, signs of embryo/fetus degeneration and functional corpus lutem by TRUS,*215%
Consequently, this type of pregnancy loss would be significantly higher compared with the positive
control group of non-per rectum pal pated pregnant females. However, no difference in the proportion of
this type of pregnancy loss between treatments in this investigation was detected, therefore, showing with
this new approach that PRP was not detrimental for the conceptus.

The fourth experiment showed that ASP for pregnancy diagnosis was a safe procedure for the
conceptus compared with the CON group, because no increase in pregnancy loss in the three periods of
assessment was detected.®” The three check points at the end of the embryonic period (day 45), early fetal
period (day 60), and |ate fetal period (day 90) were designed to estimate the potential immediate, late, and
delayed effect of ASP on pregnancy loss, respectively. This new study showed that by using a different
positive sign of pregnancy, such as the amniotic sac detection, was not harmful for the pregnancy asit
was also demonstrated when allantochorion membrane detection was used. This investigation adds new
information and expands our knowledge that when using either alantochorion membrane or amniotic sac
detection, no increase in pregnancy |oss was observed.

The fifth study showed no increase of pregnancy loss in the ASP group compared with the CON
group and is in agreement with the fourth report.%® In the current study, the two calves with atresia coli
were diagnosed only in the CON group, which isin contrast to the previous studies that associated ASP
during the late embryonic period with atresia coli or atresiajejuni.®* The ASP group included 341
pregnant females that underwent PRP between days 34 and 45 and from which 285 were assessed
between days 35 and 42 of pregnancy, which was considered the period of highest risk of producing
atresiacoli. Based on the prevalence of atresia coli from previous studies, it was expected in the present
study that there would be between nine and 32 calves with atresia coli in the ASP group; however, no
cases of atresia coli were produced. Thisis strong evidence against the del eterious effect of ASP on the
conceptus.

In general dairy practices, the veterinarian performs the PRP for early pregnancy diagnosis during
the late embryonic period before the potential second estrus (45 days)'*® for technical and economic
reasons.”***" Thus, it is very important to have accurate evidence-based medicine about the potential
deleterious effect of PRP on pregnhancy loss, calving rates, or abnormalitiesin newborn calves. This
knowledge will not only affect the way that the veterinarians practice but aso how the owner or manager
will perceive the use of this procedure for reproductive management. Some authors previously
recommended avoiding PRP of the uterus during the first 45 days of gestation 373941424748 However,
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the present investigation supports the theory that ASP for pregnancy diagnosis, when performed by a
trained veterinarian, was a safe procedure for the conceptus using the three assessment points: at
reexamination, calving, and evaluation of newborn calves.

In summary, from these five independent investigations, it was concluded that per rectum
palpation for early pregnancy diagnosis using either the FM S technique or ASP did not increase the
proportion of pregnancy loss, decrease the calving rates, or increase the abnormalities in newborn dairy
calves. In addition, an increased risk of spontaneous pregnancy loss was detected in cows versus heifers,
during late embryonic period compared with the fetal period, in females carrying twins as opposed to
singletons, and differences in pregnancy loss among farms were also noticed.
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