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DOPPLER ULTRASONOGRAPHY OF THE UMBILICAL ARTERY
DURING NORMAL CAPRINE PREGNANCY -

A. O. Hegab
Departrnent of Therivgenology.
Facully of Velcrinary Medlcine, Mansoura Universliy, Egypi.

ABSTRACT

This investigation was desigred to study the haemodynarme changes (n the umbili-
cal artery during normal caprine pregnancy using Doppler ultrasonography. Ten nanny
goats were synchronized using 2 intramuscular injecllons of PGly, 12 days aparl.
only six were pregnant. The pregnant goals were examined, between 25-125 days of
pregnancy, every § to 10 days using a comblnation of two-dimensional real-time wdlra-
sonography. color Doppler and pulsed wave Doppler ultrasonography. Transrectal
scanning was done ustng a 7 MHz vector transducer beiween days 25-50 of gestation.
Thereafter. ransabdominal scanritng was performed using a 5 Mz linear ransducer.
After locating the umbllical cord by real-time wltrasonographky. the umbilical artery was
defined by color Doppler ulirasonography. Pulsatility index (Pf}), resistance index (1)
and systolic to diastollc (S/D) ratwo in the umbilical artery were measured by using
pulsed wave Doppler ultrasonography. The angle of the ultrasound beam (o the umbili-
cal artery was 45°. R and 8/D ratio had a significant linear correlation (r = -0.83.
F<0.005; r = -0.76, P<D.005, respectively) with the gestational age. In conclusion, he
resistance to blood flow within the wnbdical arleny decreases with advancement of ca-

prine pregnancy to match the jetoplacental developiment.

INTRODUCTION

Ullrasonography has provided a non-tnvasive sitaple nicthod for evaluation of developling
pregnancles. Usnbilical blood Now is a basic and an lwportant physiological determinant (hat
has been studled extensively in anirnal specles (Schmidt et al., 1901), With tntroducden of um-

bufcal arlery Doppler velactmelry. a new tool s added to the ulens(ls (or (etal surveillance (van
Huisseling et al., 1991),

Measurement of umbilical artery blood Qow vetoclty wavelorm Indices has been proposed as a
means of non-Invasive assessment of fetal well-being during gestallon (Irion and Clark, 1980)
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and would predict the Intra-uterifie growtl1 retardation and/or perlriatal distress (Erskine and
Ritchie, 1986 and F¢ uwér et al., 1987).

Many studies have bHeen proposed (o .aeasure the umbilical arlery waveform Indices during
elther carly or lale stages of pregnancy lt. many species other than the caprine. This study was
designed to investigate the haemodyhamlc changes in the umbilical artery during normal ca-
prine pregnancy using Doppler ultrasonography.

MATERIAL AND METHODS
Animals and breeding :

Ten healthy balady nanny goats, about 2-3 years old. were purchased from Kafr El-Shetkh
markets and housed in a well-venttlated hygienic stable. Faculty of Veterinary Medicine, Kafr EJ-
Sheikh. Tanta Universlty. They were fed Alpha-alpha and sufficlent ameount of concentrates.
Four wecks before the experiment they were dewormed. Estrus In thiese goats was synchronized
using two L.im. Injections of 1.5 ml of prostaglandin F‘Za)pha (PGFy,,. Lutalase(®l Upjohn Interna-
tional Anlmal Health, Kalamazoo, USA) 12 days apart (Romano. 1998). Oestrus was checked
twice datly using two ferule bucks. The day of mating was considered as day (0 of pregnancy.

Ultrasonographic examipation

Ten days after maung. goats were examined dally, using two-dimensional real-time ultraso-
nography. transrectally using a 7 MHz vector transducer for pregnancy dlagnosis. The normal
pregnant nanny goats were examined every flve to ten days. using a combination of two-
dimenslional real-time vitrasonography. color Doppler and pulsed wave Doppler ultrasonograpivy
(Acuson xp 128/10, U.S.A.). between days 25 to 125 of gestation. Transrectal scanning was
done by using a 7 MHz vector transducer between days 25 to 50 of gestation. Thereafter, trans-
abdomiral scanning we: performed using a 5 MHz lincar transducer after clipping of the abdom-
inal walil from the udder laterally to the flanks and to the lower edge of the rlb cage. Aller locat-
Ing the umbilical cord by real-time ullrasonography. the umbliical artery was defined by color
Doppler ultrasonograpny. The Doppler gate of the uitrasound beam was placed by an angle of
45° to the umbillcal artery. The Doppler waves were frozen on a video tape and were aulomatl-
cally measured ([ig. 1a & b) accarding to Nautrup (1698).

The (ndices of the haemodynamic changes in the umbllical artery were measured as the fol-
lowing:

1- Pulsatlity sndex (Pl) was measured by defining the systolic peak velocity [S). diastollc peak
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velocity (D) and the time average maximum velocity (TAMV).
Pl= (S-D/TAMV ) (m/s)
2- Reslstance index (RI) was measured as the following:

Rl= (S-D/S){m/s)
3- Systolic to diastolic (S/D} ratio = (S/D) (m/s)

Statistical analysis :

The relationship between gestational age in days and the haemodynamic Indices (Pl. Rl and

S/D ratio} was statistically analysed by regresston coellicient using Statistical Analysis System,
SAS (1988).

RESULTS

Six of the ten nanny goats responded to synchronization regime and became pregnanf. At day
25, the umbdllicat artery of pregnant goats was not clearly defined. but was defined in only onc
goat at day 30 of pregnancy.

The indices in the caprine umbilical arlery are given as mean £ S.E. in table 1.

Both RI and S/D ratio decreased with advancement of pregnancy as shown by the regression
coefliclents.

Then. regression cocflicient showed a significant (P<0.005) inverse correlation between gesta-
tional age and both Rl (r = -0.83) and S/D ratlo {r = -0.76).

DISCUSSION

In this investigation, failure of 4 nannyv goals (o respond fe synchronization reghme mayv be
due to short estrous cycles. Consequently, the second injectlon was administered In an unre-
sponsive phase of the estrous cycle {Bosu et al,, 1978). Short estrous cycle is a natural phe-
nomenon in goat reproduction observed principally at the onset and the end of breeding season
(Jainudeen and Hafez, 1987), afller superovulation (Battye et al., 1988) and after PGFp,, ad-
ministration for estrous synchronlzation or induction of abortion (Bretzlaff et at., 1988). On the
other hand, Greyling and vanNlerker (1986) reported that conception rate in Boer goats de-
clined as the dose of cloprostenol increased.
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The results of this study showed a highly significant (P<0.005]I negative COrrelaﬂon between
gestatlonal age in caprines and both RI (r = -0.83) and S/D ratlo (r = -0.76) in goats. These re-
sults are similar to those obtained In ewes through the last trimester of pregnancy (Irlon and
Clark, 1990a & b). In humans. In spite of the fact that the gestation period is approximately
twice that of the goats, the waveforms obtained externally were decreased with progress of gesta-
tion (Thompson et al., 1988). Irfon and Clark (1990a) reported a lower correlation coellelent
between gestation and waveform indices that may be due to the relatively short perlod of time
over which they computed waveform Indices. In additlon to the relatively few animals used (n

their investigation. '

Throughout the normal pregnancy. there fs a progressive Increase In end diastolic velocity in
the umbilical circulation that results (n a decrease in the cpmputed values of the threc wavclorm
indices. Simllar results were obtained by Irion and Clark (1990a). This increase In diastollc ve-
locity In relation to peak systollc velocity Is often attributed to progressively greater vasculariza-
tion and diminishing vascular reslstance in the fetoplacental circulation {Cohen-Overbeck et
al., 1985). Support for this hypothesls comes [rom pathological correlations. as Giles et al.
(1985) reported that abnormal wave{orms occur in assoclation with sclerosls and obliteratlon ol
tertiary villus arterioles. Also McCowan et al. (1987) found a significant negative correlation (r =
-0.71) between waveform indices and the number of small arterioles observed in fetoplacental
circulation. _

In many cases, abnormalities in umbilical artery waveforms can be detected before deviations
in other non-invasive indices of fetal well-being. such as fetal heart rate (Cohen-Overbeek et al.,
1885 and Al-Ghazall et al., 1988). Thereby. Irlon and Clark (1990a) concluded Lhat, the clini-
cal useluiness of wavelorm analysls may le more (n Its ability to detect abnormalitfes In the slze

or functlon of the fetoplacental vascular bed rather than strictly changes in umbilical blood flow.

In concluston, the reslstance to blood flow within umbtlical artery decreases with progressing
of pregnancy in caprine to match the fetoplacental development.
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Fig. 1 a. Waveforms of caprine umbllical artery (Um.A.) 14 weeks after breeding, where SPV
means systolic peak velocity, EDV ineans end diastolic velocity, S means systole and D

means diastole.
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Fig. 1b. Automatic measurement of wavelorm (ndices of caprine umbllical artery at 14 weeles of

pregnancy.

Mansaura, Vet. Med. J. Vol. IV, No. 2, 2002

N



PO 124 ‘Punosuvby

00T ‘T "on *Ar "j0A

Y
3
Table 1. Indices of the umbilical artery in pregnant goats.
Gesiation ' 1 E e
age in 30 40 45 50 55 60 65 70 75 85 100 103 110 125
davs
P
Mean = (.46 g+ . - 1.50=% 163+ 1674 1.38 % 180+ 174 £ 1.53 142+ 1.30 2 163 % 1.0 + 133
3E ' 0040 ¢ 0.028 0.125 0.049 0.19] 0.035 0.058 ) 0.050 0.020 0.180 0.087 :
n I 3 | 2 4 s 3 4 5 I | 4 _+ 6 6 3 !
RI
Mean £ 084 0.87 % 083 084 % 0,89 % 0.80 084 085+ 079 078+ 0.75 4 078+ 060+ 066
SE ) 0.035 0.007 0.020 0.130 0.012 0.027 0012 ' 0.040 0.029 0.02% 0.035 ’
n i 3 2z 4 5 3 5 4 { 4 § ] J t
S/D ratio
Mean £ 6.33 8§82+ 515+ 637 9.4 4,92+ 6.38 6§78 % 175 503 = 412+ 503 253 % 197
SE ’ ' [.865 0.247 0.660 0.935 0.318 1.073 0.£98 ) 0905 0.323 0.706 0.214 ’
Ln | N T 4+ | s 3 5 € [ 4 6 6 31
Mean + S.E. = average + standard error.
n = number of ammals. .
3
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