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ABSTRACT. Dystocia or stillbirth accompanied by Large Offspring Syndrome (LOS) occurs rather frequently in Holstein nuclear transferred
calves. In regard to prophylaxes, nuclear transferred Holstein fetuses were monitored with ultrasonography during the final stage of ges-
tation. Fetal weight was estimated weekly based on the fetal metacarpal width using ultrasonography. Fourteen Holstein cows pregnant
with Holstein nuclear transferred fetuses were the subjects of this experiment. The fetal weight was estimated by measuring the fetal
metacarpal width during the last month of gestation according to the expected date of parturition. Measurements were performed on a
weekly basis. The ultrasound-estimated metacarpal width and body weight of 13 of the fetuses in the last week of gestation (30.2 + 2.2
mm, 50.0 £+ 4.7 kg) were similar to the actual measurement immediately after birth (30.0 £ 2.1 mm, 51.2 + 5.5 kg). These results indicate
that ultrasonographic monitoring within a week of parturition to is accurate for estimating fetal weight. Prediction of LOS with ultra-
sonography contributes to reliable a diagnostic method that minimizes syndrome-related gyneco-obstetric complications at parturition

with the aid of appropriate treatments.
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The first nuclear transferred calf was born in 1987 [7].
Nuclear transfer technology is expected to assist in the pro-
motion of the Japanese livestock industry. It is already
being applied to genetically modified cattle that produce
biopharmaceuticals in milk in the United States [1]. How-
ever, there are great losses from the parturient problems,
such as dystocia and stillbirth caused by large offsprings [3,
12, 13]. We believe that the survival rate after birth would
be lowered while the rate of dystocia and stillbirth would be
higher in Holstein nuclear transferred calves with Large
Offspring Syndrome (LOS) [9]. Therefore, monitoring the
fetal weight during the final stage of gestation would be
important. Positive correlations have been identified
between the width of the metacarpus or metatarsus and the
birth weight of Holstein calves soon after birth [10], and this
might enable to anticipation of the risk of dystocia by mea-
surement of the width of metacarpus or metatarsus before
parturition.

In this study, the metacarpal width or metatarsal width of
Holstein nuclear transfer fetuses were measured with ultra-
sonic diagnostic equipment, and these were verified to see
whether birth weight or dystocia in Holstein calves could be
estimated during the final stage of gestation.

MATERIALS AND METHODS

Animals: The method of producing Holstein nuclear
transfer calves and the judgment of dystocia were based on
data reported previously [9]. Donor nuclei originating from
somatic cells for nuclear transfer embryos were derived
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from femoral region myocytes. Out of 1,700 cattle, includ-
ing 680 dairy cows, at a farm, fourteen Holstein cows preg-
nant with Holstein nuclear transferred fetuses were used in
the present experiment. Eleven cows received a nuclear
transfer embryo using embryo cells, while the other three
received a nuclear transferred embryo using somatic cells.

Ultrasonography: Fetuses were monitored once a week
with an ultrasound scanner (EUB-905, Hitachi-Medical,
Tokyo, Japan) with a 5 MHz linear probe (EUP-032T, Hita-
chi-Medical, Tokyo, Japan) during the month of the
expected date of parturition. The fetal metacarpus or meta-
tarsus was monitored with basically the same method
applied for observation of the ovarium or uterus. The diam-
eter of the narrowest part of the fetal metacarpus or metatar-
sus (skin-os-skin) was measured (transverse-long axis, Fig.
1). There was no significant difference in the diameter
between the dorsal and ventral positions. Both the fetal
metacarpus and metatarsus were measured several times,
and then the narrowest value was selected. The width (mm)
is shown if the width of the fetal metacarpus or metatarsus
could be measured. An O was used to symbolize that
although it was not possible to measure the width of the fetal
metacarpus or metatarsus, a part of the fetal body (head, dor-
sum, gluteal region, or hoof) could be touched. An x was
used to symbolize that it was not possible to measure the
width of these fetal parts and none of the fetal body was
touched. A — was used to symbolize that measurement of
the fetal body was not performed (Table 1). Confirmation
of the cephalic presentation was made through palpation of
the fetal head, whereas posterior presentation was con-
firmed through palpation of the tendo Achillis.

Estimation of fetal weight: A significant correlation has
been shown between the width of the metacarpus (x; mm) or
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Dorsal metacarpal side

Fig. 1.
skin) was measured.

metatarsus (x, mm) and the birth weight (y kg) in Holstein
calves previously [10]. In the same way, the relationship
between the width of the metacarpus and the birth weight of
187 Holstein calves was reported to be y=2.152 x,—15.015,
with a positive correlation coefficient of r=0.780 (p<0.05).
The relationship between the width of metatarsus and the
birth weight was reported to be y=2.169 x,—7.204, with a
positive correlation coefficient of r=0.684 (p<0.05). Based
on these previous results, we evaluated the both fetal weight
and fetal size through measurement of the width of the fetal
metacarpus and metatarsus.

Obstetrical treatment: The risk of dystocia increases
when the metacarpal width exceeds 30-31 mm [10]. So,
induction of parturition or use of cesarean section was
adopted for cows when the width of the fetal metacarpal
exceeded 30 mm. The induction of parturition was carried
out when it was judged that there was a high possibility of
dystocia based on the length of the remaining period to term
and the presence of a large-continuously growing fetus.
Induction was performed at random when signs of udder
swelling or pelvic ligament relaxation were not apparent.
An intramuscular injection of Dexamethasone 20 mg
(Recipients No. 12, 13) or PGF2a 25 mg (Recipient No. 2,
8, 9) was used for this purpose.

The birth weight (kg), the widths of metacarpus and
metatarsus (mm), parturient difficulty, sex, and gestation
period (days) were measured and recorded immediately
after birth for the Holstein nuclear transfer calves. Both the
width of the metacarpus and metatarsus were measured at
the narrowest diameter (transverse-long axis) on the skin
using calipers (Table 1). Parturient difficulty was classified
based on a scale of 1-5 as follows: 1: natural parturition
without assistance; 2: parturition with slight assistance; 3:

Ventral metacarpal side

Ultrasonography of Holstein fetal metacarpus at the end of the gestation period. The distance represented by the arrow (skin-os-

parturition in which traction by 2—3 adults was necessary; 4:
parturition in which traction by many people was necessary;
and 5: parturition in which veterinary surgical treatment was
necessary, such as cesarean section or fetotomy.

When the fetal size was estimated by way of metacarpal
width, occurrence of dystocia and parturient difficulty were
classified into three subgroups (A, B, C; Table 2). Group A:
induction of parturition as the fetal metacarpal width
exceeds 30 mm, Group B: natural parturition regardless of
the fetal metacarpal width exceeding 30 mm, Group C: nat-
ural parturition as the fetal metacarpal width will be less
than 30 mm.

Statistics: The metacarpal width, birth weight, gestational
period, parturient difficulty for each calf was compared
among the three subgroups. Data were expressed as means
+ standard deviation and analyzed by the student’s #-test.
However, data from recipients No.6 and No.14 were
removed and not shown in Table 2. We were unable to mea-
sure the fetal metacarpal width within the week prior to par-
turition for No.6, and No.14 failed because of parturient
paralysis and was subjected to cesarean section.

RESULTS

Estimated fetal weights and their parturient conditions are
shown in Table 1. Most of the fetuses ( 13 out of 14 ) had
cephalic presentation detected by rectal palpation, and
therefore the fetal metacarpal widths were measured. The
metacarpus width was measured in every case, except for
recipient No.1, at 14-8 days before parturition where the
metatarsus width was also measured. There were several
cases where fetal parts were slightly palpated, but the metac-
arpal width was not measured, and there were cases were the



HOLSTEIN CLONED FETAL WEIGHT BY ECHOGRAPHY 809

Table 1.
transfer calves

Fetal weight estimated by fetal metacarpal width measurement prior to parturition and parturient condition of Holstein nuclear

Recipient Fetal metacarpal width(mm) Calfmetacarpal

Birth Gestation

Parturient Sex Calf metatarsal Notes

No. (Estimated fetal weight, kg) width(mm)  weight period difficulty width (mm)
Days before the parturition (kg) (Days)
35-29 2822 21-15 148 7-1
(Nuclear transfer calves derived from embryo cells)
1 - 30.8 - 27.3* 329 32 54 290 2 J 28  *Metatarsus width
(51.3) (52.0) (55.8)
2 - O O 30.0 311 31.5 52 275 2 g 27  Induction of parturition
(49.5) (51.9)
3 0 28.5 28.8 30.0 32.1 32 53 280 2 d 27
(46.3) (47.0) (49.5) (54.1)
4 - 273 27.2 264  28.1 28 47 282 1 ? 25
(43.7) (43.5) (41.8) (45.5)
5 — 249 O O 27.0 26.5 52 286 2 2 24
(38.6) (43.1)
6 - O 286 292 O 31 50 288 2 % 27.5
(46.5) (47.8)
7 - - — 278 29.6 29.5 45 277 2 2 27
(44.8) (48.7)
8 O O 30.2 29.8 31.1 315 56 289 2 ? 27.5 Induction of parturition
(50.0) (49.1) (51.9)
9 - - X @) 31.2 30 56 282 1 ? 25  Induction of parturtion
(52.1)
10 — - 25.4 272 27.0 27.5 40 276 2 2 25
(39.6) (43.5) (43.1)
11 x O O o 272 27 44 287 1 % 22
(43.5)
(Nuclear transfer calves derived from somatic cells)
12 295 X O 30.9 31.9 31.5 58 285 2 2 27  Induction of parturition
(48.5) (51.5) (53.6)
13 313 O - 31.2 32.4 32 55 283 3 ? 27  Induction of parturition
(52.3) (52.1) (54.7)
14 - @) - x 31.1 30.5 54 265 5 ? 25  Dislocation of recipient
(51.9) Cesarean section, stillbirth

O: The width of the fetal metacarpus or metatarsus could not be measured, but the fetus could be touched.
x: The width of the fetal metacarpus or metatarsus could not be measured, and the fetus could not be touched.

—: No measurement.

fetal body was not palpated at all. As parturition
approached, palpation of the fetal body become easier, and
it was possible to measure fetal metacarpal width.

During the last week of gestation, fetal metacarpal width
was measured with ultrasonography in 13 out of 14 cows,
and their mean width of 30.2 + 2.2 mm was fairly similar to
the actual width of 30.0 £ 2.1 mm after birth. Based on
these parameters, the estimated fetal weight was 50.0 + 4.7
kg before parturition, which was comparable to the actual
weight of 51.2 £ 5.5 kg after birth. The difference between
the width of the metacarpus before and after birth was 0.1—
1.2 mm, with some variation. However, estimated fetal
weight within the week prior to parturition differed from the
actual birth weight, with 7 cases having a difference of less
than 3 kg, 5 cases having a difference of 3-5 kg, and one
recipient, No.5, having a difference of 8.9 kg.

Eight cows exceeded their fetal metacarpal width of 30
mm in diameter before parturition. When the time of partu-

rition was delayed, there was concern for the risk of dystocia
as the offspring would continue to grow to an unmanageable
size. Thus, induction of parturition was used in the 5 cows
from group A and cesarean section was performed for recip-
ient No. 14, which was not able to stand due to dislocation
of the patella.

Parturition was induced in group A (n=5) when the
metacarpal width values were above 30 mm, while in group
B (n=2), induction was not applied although their width val-
ues exceeded the designated threshold. Cows in group C
(n=5) did not have parturition induced because the fetal
metacarpal width was estimated less than 30 mm. The
metacarpal width (mm), birth weight (kg), gestation period
(days), and parturient difficulty of the calves were analyzed
for the three subgroups, which were characterized by fetal
metacarpal width and induction of parturition within 1 week
prior to expected date of parturition (Table 2).
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Table 2. Comparison of the metacarpal width (mm), birth weight (kg), gestation period (days), and parturient difficulty
of calves among 3 width-different groups
Group (number  Fetal metacarpal Induction of Metacarpal Birth weight Gestation Parturient
of cases) width (mm) parturition width (mm) (kg) period (days) difficulty
A (n=5) > 30mm Treatment 31.3+0.76 554+2.2° 282.8+5.1* 2.0+0.7*
B (n=2) > 30mm No treatment 32.0£0° 53.5+0.7%® 285.0+7.1° 2.0£0°
C (n=5) <30mm No treatment ~ 27.7 + 1.15° 45.6 + 4.4 281.6 £5.0° 1.6 £0.5°

Data are expressed as means + standard deviation. The different superscripts indicate significant differences (p<0.05). A:
Cows in which induction of parturition was carried out due to metacarpal width values greater than 30 mm. B: Cows allowed
to have natural parturition even though metacarpal width values exceeded 30 mm. C: Cows with metacarpal width values less
than 30 mm and to which no induction of parturition was attempted.

DISCUSSION

Currently, there are several publications reporting on the
estimation of fetal weight. It has been shown that the
estrone and estradiol concentrations in maternal plasma are
associated with fetal growth [5, 6] and the number of fetuses
[11] during pregnancy in the cow. A relationships has been
shown between the estrone and estradiol concentrations and
the birth weight during pregnancy of sheep [2]. Moreover,
it has been reported that the bovine pregnancy associated
glycoprotein (bPAG) concentration are correlated with birth
weight during pregnancy of the cow [8], placental steroids
and bPAG are correlated with birth weight. However, there
has been no method to accurately predict fetal weight.

Almost all fetuses (13 out of 14) measured in this study
were in cephalic presentation, which is in contrast with the
high tendency of posterior presentations for nuclear transfer
fetuses previously reported by our research group [9]. Only
one cow (Recipient No.1) had a fetus in posterior presenta-
tion within the 8—14 day period prior to parturition. All
other observations were cephalic presentations. There
exists a possibility that the fetus might have changed the
presentation halfway towards a posterior presentation. Even
though we were not able to touch a fetus in some cases,
probably due to it being in an unreachable location within
the large uterine cavity, it might have been possible to stim-
ulate changes in the fetal behavior and position during rectal
palpation in the last week of gestation. Against these fetal
changes, constant measurement of the fetal metacarpal
width would be advisable. It is important to accurately dis-
tinguish the metacarpus of the fore-limbs from the metatar-
sus of the pelvic limbs. If the metatarsal width was
erroneously measured as the metacarpal width, there is a
risk of underestimating fetal weight because the metatarsal
width is anatomically smaller than the metacarpal width.

The fetal metacarpal width measured with ultrasonic
diagnostic equipment and the estimated fetal weight within
1 week prior to parturition were closely approximated to the
calf’s metacarpal width and the body weight immediately
after birth. Therefore, we believe that the birth weight can
be estimated within 1 week prior to parturition. Each mea-
surement difference between the calves’ metacarpal width
and fetal metacarpal width within one week prior to parturi-
tion was only a slight variation. Although fetal weight was

successfully estimated before parturition based on the
metacarpal width measured with ultrasonography, there was
some variation from actual values. In recipient No.5, actual
weight after birth was 52 kg compared to an estimated
weight of 43.1 kg one prior to parturition. In the future, it
will be necessary to examine the frequency of occurrence of
similar extreme cases. We had previously suggested that the
weight at birth could be assessed even earlier than the 8-day
period prior to the expected date of parturition using the pre-
partum metacarpal width relationship in Holstein calves.
These results suggest that the ultrasonographic approach to
assess pre-partum fetal metacarpal width is reliable to pre-
dict fetal weight of Holstein calves. As a result, when the
presence of large offspring syndrome is predicted by this
method, induction of parturition before the scheduled date
could prevent dystocia. Moreover, the estimate of fetal
weight by reducing the number of measurements is being
considered as a future examination subject.

Although the gestation period of A group was 2.2 days
shorter than that of B group, the birth weight of calves in A
group was 1.9 kg heavier than that of B group. If induction
of parturition was not been carried out in group A the gesta-
tion periods would have been extended, birth weights would
have increased, and a high possibility of complicated partu-
ritions could have occurred. The average birth weight of
group C was 9.8 kg lighter than that of group A, and in the
same way, the average metacarpal width was less than 30
mm. Thus, the probability for the occurrence of dystocia
was low. Therefore, parturition was allowed to occur natu-
rally and no inductive treatment was conducted. No signif-
icant difference was recognized in regard to the parturient
difficulty.

Dystocia occurs through the interrelation of fetal causes,
such as birth weight, and maternal causes, such as the size of
the pelvis [4]. Every 1 kg increase in birth weight augments
the occurrence of dystocia by 2.4% on average [4]. Birth
weight has been shown as an important factor of dystocia,
and therefore estimation of fetal weight before parturition
could be a warning of the risk of dystocia. In regard to fetal
causes, dystocia is caused not only by the fetal size, but also
by fetal displacement and malformation [4]. Neither fetal
displacement nor fetal malformation occured in this study,
but we should consider, according to these factors, the pos-
sibility that dystocia can be caused even if the fetal size is
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normal. Holstein cows were used as recipients for embryo
transfer in this study because we believed that their broad
pelvis would facilitate a reduction in parturient difficulty
compared to heifers. At our farm, Holstein heifers were not
used as recipients for this study. However, it is important to
note that the size of the pelvis should be measured with a
measurement apparatus, such as a bovine pelvic meter [4],
for prevention of dystocia by maternal causes, and cows
with a remarkably narrow pelvis should not be used for Hol-
stein calf breeding.

Therefore, pre-partum measurement of the width of the
metacarpus or metatarsus with ultrasonography would
lower the risk of dystocia originating from large offspring,
and contribute to minimizing stillbirth or death losses and
increasing the survival rate after birth. Even though over-
size of nuclear transfer calves cannot be prevented at
present, this method could eliminate the occurrence of dys-
tocia.

The present report shows the advantage of ultrasonic
diagnostic equipment for the prediction of fetal birth weight
prior to parturition for the purpose of predicting Large Off-
spring Syndrome in nuclear transfer fetuses. Further analy-
sis is necessary to apply this technique to the fetuses
produced by artificial insemination or conventional embryo
transfer.
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