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Abstract

The objective of this study was to evaluate the blood flow from the umbilical artery (UA) in healthy pregnant goats. Doppler
sonography examinations were performed every two weeks in Saanen goats with a singleton (n � 5) or multiple (n � 4) pregnancy
from 40 to 145 days of gestation. Fetal heart rates (FHR), pulsatility index (PI), and resistance index (RI) were recorded from the
mid-cord site of the free-floating umbilical cord. FHR decreased gradually as the pregnancy progressed and significantly decreased
during the last two examinations of all fetuses (P � 0.05). The mean PI level was dramatically different (P � 0.05) until 85 days
of gestation, after which it reached a plateau level until parturition. Similar to PI, RI decreased by 85 days of gestation (P � 0.05),
and decreased again by 130s gestation. No reverse or absent end-diastolic flow were observed in fetuses during any examinations.
When comparing singleton and multiple pregnancies, there were no significant differences in UA pulsatility or resistance in fetuses
seen. The middle of the second trimester was observed to be a threshold stage for indices in the pattern of caprine pregnancy.

In conclusion, this work provides additional values that might be useful when evaluating singleton and multiple pregnancies,
and may be evaluated in further studies regarding fetal monitoring.
© 2010 Elsevier Inc. All rights reserved.
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1. Introduction

In the last decade, transabdominal ultrasonography
has become an important tool in veterinary medicine
for the evaluation of the intrauterine life of the fetus
[1–3]. However, the available data concerning its use-
fulness in the management of high-risk pregnancies that
can be compromised because of a maternal and fetal
disease [3] or cloned or in vitro pregnancies associated
with losses throughout the pregnancy [4] are limited.
As in human obstetrics, care should be taken when

interpreting the results of an ultrasonographic exami-
nation of the feto-maternal vessels with Doppler ultra-
sonography [5].

Doppler ultrasound of the genital system provides
real-time functional information such as blood velocity,
blood direction, and blood type, and has important
clinical gynecological implications for human and an-
imal species [6–8]. With this noninvasive technique,
most common vessels, such as the uteroplacental arter-
ies, umbilical cord, aorta, caudal cava vein, and ductus
venosus of the fetus are investigated [8–10]. For the
last 10 years, some researchers have reported Doppler
sonography results from mare [8,11], cow [12,13], ewe
[14,15], bitch [6,16–18], and queen [19] taken during
different reproductive stages.
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In fetal lamb models, umbilical artery (UA) Doppler
blood flow waveforms can be used to identify fetuses
that might benefit from increased surveillance or
planned delivery [20]. Owing to difficulties encoun-
tered with volumetric blood flow, semiquantitative in-
dexes, such as pulsatility indices (PI) or resistance
indices (RI) are often used. RIs of Doppler examina-
tions are based on the ratio of systolic flow to some
measure of diastolic flow, which indicates the flow
condition downstream. They are angle independent, but
are affected by the heart rate. The most frequently used
are the RI, also known as the Pourcelot ratio, expressed
by (S–D)/S, where S is the peak systolic velocity, and
D is the end-diastolic velocity; the systolic/diastolic
ratio (S/D); and the pulsatility index (PI), expressed by
(S–D)/velocity, where velocity is the time-averaged
maximum velocity over the cardiac cycle [21]. Record-
ing of the vascular pulsatility and resistance from feta-
maternal vessels have become a routine part of fetal
surveillance. Doppler-determined UA resistance is as-
sociated with intrauterine growth retardation (IUGR),
congenital anomalies and other adverse fetal outcomes
[5,22,23]. Recordings of the blood flow waveform of
the UA have become a routine part of fetal well-being,
because it is strongly predictive of an adverse outcome
of pregnancy. The measurement of an absent or reverse
blood flow during diastole in the UA is a late sign of
increased placental vascular resistance [5–22].

The southwest region of Turkey plays an important
role in goat production, where the native Hair is the
principal breed. In this region, however, goats are typ-
ically seasonal breeders. The number of the Saanen
dairy breed of goats has been increasing for the last
decade. New techniques are needed to evaluate fetal
age, viability, and wellbeing for veterinarians who
work in this area. Continuous monitoring of the FHR
by Doppler ultrasound may be useful in determining the
FHR variability, which is used to determine gestational
age [24–28] in local breeds of goat fetuses and is an
important indicator of wellbeing in fetal sheep [29].
However, there is no data available on the FHR curve
in pregnancy and its possible correlation with gesta-
tional age in Saanen goats.

A multiple pregnancy differs from a singleton preg-
nancy with respect to the mean duration of gestation
and the mean birth weight of the infants [30]. Thus, the
Doppler data from the UA in multiple pregnancies may
be different from that in singleton pregnancies. There
are few data on the singleton and multiple pregnancies
obtained in human medicine [31–32], and there are no
data at all from veterinary medicine.

The aim of the current study was to assess UA
Doppler indices and FHRs throughout singleton and
multiple pregnancies in Saanen goats and to validate
values that might be used for fetal monitoring.

2. Materials and methods

2.1. Animals

The current study was carried out in the experimen-
tal farm of Adnan Menderes University, Çine Voca-
tional School, located in Aydin, Turkey. Estrus was
synchronized in 15 one-year old Saanen nulliparous
goats, with an average weight of 27.68 kg, using intra-
vaginal sponges containing 20 mg fluorogestone ace-
tate. This was performed in September, during the nat-
ural breeding season of goats in the Aydin region. The
intravaginal sponges were inserted into the vagina of
each goat for 11 days. Fourty-eight hours before sponge
withdrawal, all does were injected intramuscularly with
500 IU equine chorionic gonadotropin (eCG) (Chrono-
gest®- Intervet, Istanbul, Turkey) and 0.5 ml prosta-
glandin F2� (Cloprostenol, Iliren, Intervet, Istanbul,
Turkey) for stimulation of estrus and ovulation. Buck
introductions were performed two days after the sponge
withdrawal. Animals in estrus were allowed to mate
twice during estrus. The day of estrus was designated as
day 0 (day of 1st mating).

2.2. Pregnancy diagnosis and Doppler ultrasound
measurements

All does were examined for pregnancy detection be-
tween day 30 and day 40 after mating, using real time
transrectal ultrasonography (MyLab 30- ESAOTE®,
Genova, Italy) with 7.5 MHz linear transducer. Pregnancy
was confirmed in nine goats with singleton (n � 5), twin
(n � 2), and triplet (n � 2) pregnancies.

Transabdominal ultrasonography was performed on
days 40, 55, 70, 85, 100, 115, 130, and 145 after
mating. The does were scanned while in a dorsal re-
cumbency using a (multi-frequency) 5 to 6.6 MHz
convex transducer in a dorsal recumbency until 85 days
of gestation. Does were then examined in lateral re-
cumbency to avoid maternal aorta compression until
145 days of gestation. Prior to examination of the
inguinal region, the hair on both sides was clipped and
in the advance stage of pregnancy the more cranial
portion of the ventral abdomen was also clipped. The
does were not sedated. The transducer was covered
with a copious amount of gel to eliminate the air
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spaces. All ultrasonographic examinations were per-
formed by the same operator.

The UA was detected and flow velocity waveforms
were obtained from the midcord site of the free floating
umbilical cord (Fig. 1). First, the UA was visualized
using the Color-Doppler application, and then Pulsed-
Wave Doppler ultrasonography was performed. After
the 70th day of pregnancy, as Pulsed Doppler examina-
tions of the UA were possible without coloring the
vessels, the Color Doppler application was not used. In
the twin and triplet pregnancies, the Doppler measure-
ments were obtained from the most caudal fetus on the
right side. Recordings were obtained for at least regu-
larly three consecutive arterial waveforms. Waveforms
were disregarded during fetal and maternal movements
or cardiac arrhythmias. In order to evaluate the wave-
form and velocity blood flow patterns of the UA, the
FHR, PI, and RI were measured. In all of the exami-
nations, the measurements were disregarded when the
angle of insonation was above 20o and Doppler filter
were set at 50 MHz. Due to the possible side effects
(thermal and cavitation effect) of Doppler soundswave
on tissues, Pulsed-Wave examinations did not exceed
30 seconds and were interrupted for a minute. More-
over, all examinations lasted between 10 and 15 min-
utes.

2.3. Data analysis and statistics

Average data were presented as mean �SD. Means
were compared using a paired Student’s t-test when
appropriate. Analysis of variance of the Doppler indi-
ces and FHR was performed using the ANOVA
method. Differences were considered statistically sig-
nificant at P levels of less than 0.05.

Regression models were fitted to evaluate the rela-
tionship between the day of pregnancy and FHR, which
was considered to be dependent on the day of preg-
nancy [33]. A 5% significance level was used.

3. Results

All parturitions occurred and without assistance be-
tween 146 and 159 days of gestation. Fifteen healthy
kids, ten females and five males weighing 1.400–5.250
kg were born. There were no stillbirths or newborn
deaths after delivery. Moreover, up to one-month age
no kid mortality was observed.

Figure 2 presents the mean PIs, RIs, and FHR be-
tween 40 and 145 days of gestation in Saanen goats.
The UA blood flow was characterized only by the
systolic waveform until the 85th day of pregnancy.
Later a diastolic waveform was also detected. The PI
value increased significantly between the 40th and 55th

day of pregnancy and also decreased significantly 85
days of gestation (P � 0.05). There was not alteration
in PI value until the final examinations at 145 days of
gestation. Although an increase of PI level was seen
during the final examination, it was not found to be
statistically significant.

The RI has more stable than PI values in goat fe-
tuses. The mean RI value was limited as 0.97 during
pregnancy and two significant decreases (P � 0.05)
were detected on the 85th and 130th day of pregnancy.
Between 130 and 145 days of gestation, no variation
was observed in either pregnancy group.

The curve of FHR was characterized as descending
during pregnancy, but not significantly so until last two
weeks of pregnancy. In particular, from 130 to 145 days
of gestation, the mean FHR value decreased to 140 �
6.4 beats per minute (bpm) (P � 0.05). When the
relationship between FHR and gestational age was
evaluated, FHR values were correlated (R2 � 0.77)
with the gestational age.

The findings of two Doppler indices and FHR during
singleton and multiple (twin and triplet) pregnancies
are presented in Figures 3 and 4. Results from multiple
pregnancies were obtained from the most caudal fetuses
on the right side. There was no difference between the
PI, RI and FHR values in singleton and multiple preg-
nancies’ (P � 0.05).

4. Discussion

Today Doppler examinations are used routinely to
monitor high-risk pregnancies in human medicine. Sev-

Fig. 1. The Pulsed-Doppler image of a. umbilicalis on 70th day.
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eral fetal blood flow waveform evaluations have been
performed in the assessment of fetal well-being, normal
or abnormal placental circulations, IUGR, and perinatal
death in human medicine [23,34,35] or in fetal sheep
models [20,36–38]. In veterinary medicine there are
only a few reports that have examined the use of blood
flow waveform in the umbilical cord in sheep [14],
bitch [6,18], queen [19], and mare [8] to evaluate fetal
hemodynamic process. The present provided the first
estimates of UA flow in healthy Saanen goat fetuses in
singleton and multiple pregnancies via Pulsed-Doppler
ultrasonography for fetal monitoring.

In the current study, noninvasive Doppler examina-
tion was performed during pregnancy in nulliparous
healthy Saanen goats. No abnormal blood flow wave-
forms such as end-diastolic flow or reverse flow related
to fetal distribution were observed during the study.
The UA blood flow was characterized only by systolic
waveform until the 85th day of pregnancy.

In the present study, the PI showed dramatic differ-
ences in the first four examinations. These variations
were observed in both pregnancy groups with similar
results. When comparing the normal canine and feline
UA PIs with the results from the current study, a sim-
ilarity was noticed among these three graphics. In ca-
nine and feline pregnancies, a. umbilicalis pulsatility
increased (P � 0.05) between 4th and 5th week and
decreased (P � 0.05) from the 5th week of gestation to
parturition [6,18,19]. In the present study, similar dra-
matic changes were detected between the 40th and 85th

Fig. 2. Pulsatility index (PI), resistance index (RI) and fetal heart rate (FHR) from the umbilical artery to the fetuses. Results are means� S.D.
of nine pregnant goats. Results with letter (a,b,c) differ from those of the previous measurements (P � 0.05).

Fig. 3. Pulsatility index (PI), resistance index (RI) from the umbilical
artery to the fetuses. Results are means� S.D. of five singleton (SP)
and four multiple pregnant (MP) goats.

Fig. 4. Mean (� S.D) Fetal heart rate (FHR) values of five singleton
(SP) and four multiple pregnant (MP) goats.
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day of pregnancy in goats. In contrast to canine and
feline pregnancies, PI values reached the plateau stage
at around 85 days of gestation, and there were no more
changes until parturition in goats.

In the current study, the a. umbilicalis resistance
remained until the 85th day of pregnancy in accordance
with PI values, and the first significant decrease was
also obtained on the 85th day with the first diastolic
phase in UA waveform. Matsas [39] reported that the
fetal skeleton rapidly grows and can be visualized after
65 days of gestation in goats. Therefore there might be
an increase in the nutritional requirements of fetuses
while they are growing. The resistance in umbilical
vessels started to decrease significantly at this stage and
fetal blood flow within the umbilical cord has in-
creased. The increase of fetal nutritional requirements
may be related to these results. The subsequent signif-
icant decrease was observed on the 130th day of preg-
nancy (P � 0.05). After that, the RI curve remained at
a low level until parturition.

Based on harmonious Doppler indice curves in two
pregnancy groups, it is possible to outline the exami-
nations that were performed on the 85th day of preg-
nancy and the threshold values for monitoring of pul-
satility and resistance of UA in goat fetuses. During this
stage, UA Doppler trace examination was characterized
with systolic and diastolic phases and pulsatility
reached a stable phase in both singleton and also mul-
tiple pregnancies. These changes were observed in pre-
vious studies in bitches [6,18] and queens [19] but a
plateau stage of PI pattern was not observed.

Another finding of the present study was the rela-
tionship between the kidding dates and FHR of Saanen
goat fetuses. FHR measurement was performed during
evaluation of the UA blood flow waveform. Accor-
ding to similar studies performed in other ruminants
[24,25], the FHR curve descends along with the pro-
gression of pregnancy. Karen and others [28] reported
that the correlation between these parameters in Egyp-
tian native goats was (R2 � �0.55). In the present
study, the FHR value has the most correlation (R2 �
�0.77) with the gestational age compared with results
from similar studies [24,26].

Using Doppler ultrasonography in caprine preg-
nancy can be helpful for the diagnosis and prognosis in
further studies that include high-risk pregnancies re-
lated to maternal disease (pregnancy toxemia, hypocal-
cemia) or consist of cloned or transferred embryos [4].
UA Doppler blood flow waveforms can be used to
identify fetuses that might benefit from increased sur-
veillance or planned delivery. In addition, this nonin-

vasive technique can be used to detect any fetal growth
restriction or abnormality, and congenital abnormali-
ties.

Previously, Doppler ultrasonography was not widely
used in farm fields, because of the large size of the
equipment. Nowadays, hand-held, battery-powered
Color or Pulsed Doppler machines are available, but
due to high prices, they are still too expensive to use
routinely in veterinary clinics. Prices of ultrasound ma-
chines have shown a steep decline in the last few years,
so transabdominal Doppler ultrasonography is likely to
be increasingly used as a diagnostic tool for the eval-
uation of fetus(es) in the near future.

In conclusion, the results of the present study
showed that recording changes in Doppler flow indices
of the UA might be useful to evaluate the fetal perfu-
sion during pregnancy in goats. The middle of the
second trimester is an important time to evaluate Dopp-
ler indices in pregnant goats because of significant
decreases in both the RI and PI. After that, a plateau for
PI curve was present, in contrast to the results from
bitches and queens. The measuring of FHR permits the
estimation of the gestation age in singleton and multiple
pregnant Saanen goats. With further studies based on
these data, it may be possible to estimate any abnor-
mality in caprine pregnancy, particularly in high-risk
pregnancies, cases of IUGR, discordance with twin
fetuses, and other feto-plasental abnormalities as rou-
tinely used in human medicine.

References

[1] England GC. Ultrasonographic assessment of the abnormal
pregnancy. Vet Clin North Am Small Anim Pract 1998;28(4):
849–68.

[2] Bucca S. Diagnosis of the compromised equine pregnancy. Vet
Clin North Am Equine Pract 2006;22(3):749–61.

[3] Buczinski SMC, Fecteau G, Lefebvre RC, Smith LC. Fetal
well-being assessment in bovine near-term gestations: Current
knowledge and future perspectives arising from comparative
medicine. Can Vet J 2007;48(2):178–83.

[4] Heyman Y, Chavatte-Palmer P, LeBourhis D, Camous S,
Vignon X, Renard JP. Frequency and occurrence of late-gesta-
tion losses from cattle cloned embryos. Biol Reprod 2002;66(1):
6–13.

[5] Gudmundsson S, Marsal K. Blood velocity waveforms in the
fetal aorta and umbilical artery as predictors of fetal outcome.
Am J Perinatol 1991;8:1–6.

[6] Nautrup CP. Doppler ultrasonography of canine maternal and
fetal arteries during normal gestation. Reprod Fert Develop
1998;112:301–14.

[7] Nicolaides KH, Rizzo G, Hecher K. Placental and Foetal Dopp-
ler. The Parthenon Publishing Group Inc., New York, 2000. p.
35–66.

1086 G. Serin et al. / Theriogenology 74 (2010) 1082–1087



Author's personal copy

[8] Bollwein H, Weber F, Woschee I, Stolla R. Transrectal Doppler
sonography of uterine and umbilical blood flow during preg-
nancy in mares. Theriogenology 2004;61:499–509.

[9] Aardema MW, Oosterhof H, Timmer A, Van Rooy I, Aar-
noudse JG. Uterine artery Doppler flow and uteroplasental vas-
cular pathology in normal pregnancies and pregnancies compli-
cated by pre-ecplamsia and small for gestational age fetuses.
Placenta 2001;22:405–11.

[10] Mulic-Lutvica A, Eurenius K, Axelsson O. Longitudinal
study of Doppler flow resistance indices of the uterine arter-
ies after normal vaginal delivery. Acta Obstet Gyn Scan
2007;86:1207–14.

[11] Bollwein H, Mailerl J, Mayer R, Stolla R. Transrectal color
doppler sonography of the a. uterina in cyclic mares. Theriog-
enology 1998;49:1483–8.

[12] Bollwein H, Meyer HHD, Mailerl J, Weber F, Baumgartner U,
Stolla R. Transrectal Doppler sonography of uterine blood flow
in cows during the estrous cycle. Theriogenology 2000;53:
1541–52.

[13] Panarace M, Garnil C, Marfil M, Jauregui G, Lagioia J, Luther
E, Medina M. Transrectal Doppler sonography for evaluation of
uterine blood flow throughout pregnancy in 13 cows. Theriog-
enology 2006;66:2113–9.

[14] Reed KL, Chaffin DG, Anderson CF. Umbilical venous Doppler
velocity pulsations and inferior vena cava pressure elevations in
foetal lambs. Obstet Gynecol 1996;87:617–20.

[15] Panarace M, Garnil C, Cane L, Rodriguez E, Medina M. Echo-
Doppler ultrasonographic assessment of resistance and velocity
of blood flow in the ductus venosus throughout gestation in fetal
lambs. Theriogenology 2008;70:648–54.

[16] Köster K, Poulsen Nautrup C, Gunzel-Apel AR. A Doppler
ultrasonographic study of cyclic changes of ovarian perfusion in
the Beagle bitch. Reproduction 2001;122:453–61.

[17] Alvarez-Clau A, Liste F. Ultrasonographic characterization of
the uterine artery in the nonestrus bitch. Ultrasound Med Biol
2005;31:1586–7.

[18] DiSalvo P, Bocci F, Zelli R, Polisca A. Doppler evaluation of
maternal and fetal vessels during normal gestation in the bitch.
Res Vet Sci 2006;81:382–8.

[19] Scotti L, DiSalvo P, Bocci F, Pieremati C, Polisca A. Doppler
evaluation of maternal and foetal vessels during normal gesta-
tion in queen. Theriogenology 2008;69:1111–9.

[20] Acharya G, Erkinaro T, Makikallio K, Lappalainen T, Rasanen
J. Relationships among Doppler-derived umbilical artery abso-
lute velocities, cardiac function, and placental volume blood
flow and resistance in fetal sheep. Am J Physiol-Heart C 2003;
286:1266–72.

[21] Blanco PG. Doppler ultrasound in canine pregnancy. J Ultra-
sound Med 2008;27:1745–50.

[22] Trudinger BJ, Cook CM. Umbilical and uterine artery flow
velocity waveforms in pregnancy associated with major fetal
abnormality. Br J Obstet Gynaecol 1985;92:666–70.

[23] Seyam YS, Al-Mahmeid MS, Al-Tamimi HK. Umbilical artery
Doppler flow velocimetry in intrauterine growth restriction and

its relation to perinatal outcome. Int J Gynecol Obstet
2002;77:131–7.

[24] Kahn W. Sonography fetometry in the bovine. Theriogenology
1989;31:1105–21.

[25] Pawshe CH, Appa Rao KBC, Totey SM. Ultrasonographic
imaging to monitor early pregnancy and embryonic develop-
ment in the buffalo (Bubalus bubalis). Theriogenology 1994;
41:697–709.

[26] Aiumlamai S, Fredricksson G, Nilsfors L. Real-time ultrasonog-
raphy for determining the gestational age of ewes. Vet Rec
1992;131:560–2.

[27] Chavez Moreno J, Steinmann Chavez C, Bickhardt K. Fetal
heart rate measurement and sonographic fetometry for determi-
nation of fetal age in sheep. Dtsch Tierarztl Wochenschr 1996;
103:478–80.

[28] Karen AM, Fattouh El-Sayed M, Abu-Zeid SS. Estimation of
gestational age in Egyptian native goats by ultrasonographic
fetometry. Anim Reprod Sci 2009;114:167–74.

[29] Bocking AD. Assessment of fetal heart rate and fetal move-
ments in detecting oxygen deprivation in utero. Eur J Obstet
Gyn R B, 2003;110:108–12.

[30] Minakami H, Sato I. Reestimating date of delivery in multifetal
pregnancy. JAMA–J Am Med Assoc 1996;275:1432–4.

[31] Giles WB, Trudinger BJ, Cook CM, Conelly AJ. Umbilical
artery waveforms in triplet pregnancy. Obstet Gynecol 1990;
75:813–6.

[32] Gaziano EP, Knox GE, Bendel RP, Calvin S, Brandt D. Is
pulsed Doppler velocimetry useful in the management of mul-
tiple-gestation pregnancies? Am J Obstet Gynecol 1991;164:
1426–31.

[33] Petrie A, Watson P. Statistics for Veterinary and Animal Sci-
ence, First Edition. Blackwell Science, London 1999.

[34] Owen P, Ogston S. Standards for the quantification of serial
changes in doppler resistance indices umbilical arteries. Early
Hum Dev 1997;49:39–47.

[35] Dubiel M, Breborowicz GH, Gudmundsson S. Evaluation of
foetal circulation redistribution in pregnancies with absent or
reversed diastolic flow in the umbilical artery. Early Hum Dev
2003;71:149–56.

[36] Kalache KD, Ojutiku D, Nishina H, Green LR, Hanson MA.
Mild maternal undernutrition in the first half of ovine pregnancy
influences placental morphology but not fetal Doppler flow
velocity waveforms and fetal heart size. J Perinat Med 2001;
29:286–92.

[37] Galan HL, Anthony RV, Rigano S, Parker TA, de Vrijer B,
Ferrazzi E, Wilkening RB, Regnault TR. Fetal hypertension and
abnormal Doppler velocimetry in an ovine model of intrauterine
growth restriction. Am J Obstet Gynecol 2005;192:272–9.

[38] Tchirikov M, Rybakowski C, Hüneke B, Schröder HJ. Blood
flow through the ductus venosus in singleton and multifetal
pregnancies and in fetuses with intrauterine growth retardation.
Am J Obstet Gynecol 1998;178:943–9.

[39] Matsas D. Pregnancy diagnosis in goats. In: Current Therapy in
Large Animal, Youngquist RS (Ed.), WB Saunders Philadelphia
1997. p. 514–20.

1087G. Serin et al. / Theriogenology 74 (2010) 1082–1087


