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Abstract
This study aimed to correlate the pulsed wave spectral indices of the middle uterine artery at both sides with placen‑
tal development in jenny within mid-late pregnancies, and establish umbilical Doppler values for different ages and
different gestational months. Twenty Equus Asinus pregnant jennies 260–450 kg (average, 320 ± 10 kg) were exam‑
ined from 5 to 9 months of pregnancy with different ages (4–14 years). Monthly B-mode ultrasound examination
was performed on both the combined thickness of the uterus and placenta (CTUP; mm) and umbilical artery crosssectional diameter, and Doppler mode examination was performed on both the middle uterine (MUA at right [R] and
left [L] sides) and umbilical arteries to measure both Doppler indices that expressed by resistance (RI) and pulsatility
indices (PI), and blood flow rate. CTUP was elevated within pregnancy time at different ages (P < 0.05). L. PI was sig‑
nificantly declined throughout different ages (P < 0.05), but this declining trend was not observed in L. RI. The L. blood
flow rate (R; bpm) was elevated among different ages and different months (P < 0.05). Both RI and PI were significantly
decreased from 5 to 9 month of gestation period in jennies (P < 0.05).. The umbilical arteries cross-sectional diameter
(Umb A; mm), was elevated among different ages and different months, while both Doppler indices were declined. A
positive correlation was found (between both Doppler indices of both umbilical and uterine arteries P < 0.001). There
was elevated vascular perfusion in uterine and umbilical arteries associated with reduced both Doppler indices along
the course of pregnancy at different ages.
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Introduction
In recent years, the advancement of assisted reproductive
technology has set new standards in equine reproductive
overall performance, resulting in extraordinary achievements in conception rates for subfertile/infertile populations. In contrast, little progress has been made in the
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field of monitoring pregnancy, and efforts to obtain a better understanding of physiological features during pregnancy in jenny remain necessary [1]. The growth in fetal
size with the uterine environment in cows and mares in
the last trimester is related to a growing demand for vitamins and oxygen ensured via way of means of growth in
the uterine and fetal perfusions [2, 3]. The uterine arteries are especially responsible for the maternal part, while
the umbilical arteries supply the fetal part [4, 5]. Uterine
vascularization can be assessed using the pulsatility index
(PI) and resistance index (RI) of the uterine arteries,
which are quantitative measures of vascular perfusion of
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the reproductive structures and are not motivated by the
Doppler angle [6–8]. Blood flow is normally measured via
both Doppler indices (PI and RI). The latter reveals a negative relationship with vascular perfusion, as the growth
in resistance shows a lowering-vascular perfusion [9–12].
Therefore, any alterations in vascular perfusion generally
occur due to poor placental performance, fetal growth
abnormalities, and hypoxia [13, 14]. In the current study,
the thickness of the uterus and placenta (CTUP/mm) was
measured in order to determine the functional status of
the placenta, as previously reported in mares [15, 16],
and donkeys [17].
Doppler studies of jenny gestational vessels, such
as middle uterine and umbilical arteries, could give a
prediction value of the gestation outcome [18]. It was
reported that there was a monthly elevation of the uterine artery that led to a strong increase in blood flow rate
and a marked decline in the RI during the first 8 months
of pregnancy in buffalos [19].In addition, in mare the
same declination in both Doppler indices was observed
within gestational months [16], as this could be due to the
presence of endothelial factors that were associated with
the marked decline in both Doppler indices and related
to arterial hypertension [17]. However, a study reported
that uterine blood flow did not differ between pregnant
and nonpregnant mares [20]. In comparison to others,
the umbilical cord information of the jennie fetus is less
well known, as there were no references to data supporting the pregnancy profile and fetus formulation [17, 21]
that recognized many pregnancy problems at different
gestational stages. Therefore, we aimed to correlate the
pulsed wave spectral indices of the middle uterine artery
at the right and left sides with placental development in
form of the CTUP in jenny within advanced gestation,
and to establish umbilical Doppler reference values for
different ages and different gestational months.
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examination was performed for all animals. Females were
bred naturally with an excellent fertile stallion, all mares
were with a normal course of pregnancy without any
complications such as (placental separation, abortion,
unusual activity, and premature birth pain).
Ultrasound assessment

All jennies were examined at 5–9 gestational months
using linear array rectal probe (ExaGo, France) supplied
with frequency (5–7.5 MHz) with device settings as follows: velocity for Doppler assessment was 30 cm/sec, two
color maps (red and blue), angle of insonation was 45°,
and pulse repetition frequency was 4000 kHz [23]. The
gestational age was determined by eye ball orbital diameter, brain diameter, and date of ovulation [24].
B‑mode ultrasound examination

Ultrasound examinations were routinely performed
monthly; first, a B-mode transrectal probe was activated
to measure both the combined thickness of the uterus
and placenta (CTUP; mm) and umbilical artery crosssectional diameter (Umb-A. Cross sectional D; mm). For
the determination of CTUP, three to five points of thickness were evaluated at the level between the middle uterine artery (MUA) and the allantoic sac as shown in Fig. 1,
which was previously measured by Campos et al., [16].
While the cross-sectional umbilical artery diameter was
determined by taking the maximum diameter three to
five times and the average was calculated [25].
Doppler mode ultrasound examination

All procedures were conducted on pregnant animals following the international ethical committee for animal use
protocol (Vet CU 23,052,022,461) at the Faculty of Veterinary Medicine, Cairo University.

The pulsed wave Doppler was activated via its spectral
graph of both the middle uterine (right and left) and
umbilical arteries. Doppler indices expressed by resistance (RI) and pulsatility indices (PI) were automatically
calculated, and the blood flow rate (bpm) was also measured.The artery was determined after identification of the
aorta location and the external iliac artery as both middle
uterine arteries are located at the right and left sides [26],
as shown in Fig. 2.The waves were determined as three
successive spectral waves in both the uterine and umbilical regions. The umbilical artery was identified at the
umbilical cord [27], as shown in Fig. 3.

Animals and management

Statistical analysis

Twenty multiparous pregnant jennies were assessed in
this current study between 4 and 14 years of age. Animals were kept in a large animal farm at the Department
of Surgery, Cairo University. Animals were used under
the permission of the institution. All females weighed
between 260–450 kg (average, 320 ± 10 kg) with a number 3 body condition score [22]. All animals were routinely vaccinated against diseases; in addition, clinical

All obtained data are presented as the mean ± standard
error (SEM). The combined thickness of uterus and placenta (CTUP) was measured at first for the normality by
using Shapiro Wilk test. Analysis of variance (ANOVA)
was used to compare of the means according to gestational months and age. In pulsed wave Doppler measurement ANOVA was used also. Duncan’s range test was
used to set a significant difference at P < 0.05.Pearson’s

Materials and methods
Ethical approval
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Fig. 1 B-mode grey ultrasonogram revealed the combined thickness of both uterus and placenta (CTUP, white arrow) of pregnant she donkey with
a gestation length of 200 days with presence of both amniotic and allantoic fluids.F = fluid

Fig. 2 Pulsed wave and colored Doppler modes ultrasonograms revealed both right (a, b) and left (c, d) middle uterine artery of pregnant she
donkey with a gestation length of 200 days with calculation of spectral Doppler indices (resistance [RI] and pulsatility indices [PI]) via both peak
velocity (PSV; cm/sec) and end velocity (EDV; cm/sec).R = right, and L = left

correlation coefficients test was used to show any variation in the pregnancy months, jennies age, CTUP thickness (mm) and Doppler indices of both uterine and
umbilical arteries.

Results
The statistical analysis was significant as explained by
combined thickness of both uterus and placenta (CTUP;
mm) changes of the period of pregnancy and the age of

animals(P < 0.05).Thepregnancy period and jennies ages
were statistically significant (P < 0.01) with an interaction
between both variables (P < 0.01). CTUP was elevated
significantly within the normal range of pregnancy for
all jennies at different ages from 4 to 14 years old from
the 5th month of gestation (Table 1; P < 0.05). The marked
elevation in CTUP was observed in CTUP was markedly
elevated in group with (9–14 years) from 5 to 9
 th months
(3.99 ± 0.01 to 5.44 ± 0.01).
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Fig. 3 B –mode (a), colored (b) and spectral (c, d) Doppler ultrasonograms revealed umbilical cord (Umb cord)with umbilical artery (Umb A) of
pregnant she donkey with a gestation length of 200 days with calculation of spectral Doppler indices resistance [RI] and pulsatility indices [PI]) via
both peak velocity(PSV; cm/sec) and end velocity (EDV; cm/sec)

Table 1 Combined thickness of both uterus and placenta
(CTUP; mm) at different ages and different months of pregnancy
in she donkeys. Data are obtained as mean ± SEM
Months

Age of jennies(Years)
4–5

5
6
7
8
9

6–8

Table 2 Middle uterine arteries at both sides (right and
left sides) in jennies at different ages Data are obtained as
mean ± SEM
Variable

9–14

3.52 ± 0.21A.a

3.87 ± 0.04A,a

3.99 ± 0.01A,a

L. MUA PI

4.88 ± 0.32AB.b

4.41 ± 0.32A.ab

4.99 ± 0.05B,ab

L. MUA RI

A.a

3.76 ± 0.01

B.b

5.22 ± 0.04

B,b

5.32 ± 0.01

Data

B,ab

4.11 ± 0.11

A,b

4.77 ± 0.01

A,b

4.87 ± 0.02

4.12 ± 0.03B,a

5.24 ± 0.25A,b
B,b

5.44 ± 0.01

Different superscript with capital are significant (P < 0.05) different between
rows, while small superscript are significant (P < 0.05) different between columns

As shown in Table 2, both Doppler indices expressed
by (resistance index; RI, and pulsatility index; PI) of
the left (L) side middle uterine artery (MUA) differed
at different jennies ages, as L. PI significantlydeclined
throughout different jennies ages, but this declining
trend was not observed in L. RI (P < 0.05).In addition; the
blood flow rate (R; bpm; Fig. 2) was significantly (P < 0.05)
elevated among different ages with 64.11 ± 0.22 for jenny
aged 4–5 years, 70.12 ± 0.22 for jenny aged 6–8 years,and
75.21 ± 0.88 for jenny aged 9–14 years. However, nethier
the Doppler indices nor the blood flow rate of MUA on
the right side (R; bpm) showed any significant change.
In Table 3, L. MUA RI and PI were examined at different gestational months from 5 to 9 months. Both RI
and PI were significantly decreased from the 5th to the
9th month of gestation period in jenny(P < 0.05), but the
blood flow rate of MUA was significantly elevated at different months of gestation(P < 0.05), while both Doppler
indices and blood flow rate of MUA at the right side did
not affected at different gestational months. As shown in

L. MUA
R(bpm)
R. MUA PI
R. MUA RI
R. MUA
R(bpm)

Number

Age of jennies(Years)
4–5

6–8

9–14

22

20

22

Mean ± SEM 1.73 ± 0.01A
Number

22

Mean ± SEM 0.67 ± 0.01A
Number

22

1.64 ± 0.01AB 1.51 ± 0.01B

20

22

0.88 ± 0.01B

0.81 ± 0.02B

20

22

Mean ± SEM 64.11 ± 0.22A 70.12 ± 0.22B 75.21 ± 0.88B
Number

22

Mean ± SEM 1.88 ± 0.01
Number

22

Mean ± SEM 0.87 ± 0.02
Number

22

Mean ± SEM 64.33 ± 2.31

20

22

1.85 ± 0.01

1.85 ± 0.01

20

22

0.85 ± 0.02

0.86 ± 0.01

20

22

66.52 ± 1.02

67.25 ± 1.11

L Left, R Right, MUA Middle uterine artery, PI Pulsatility index, RI Resistance
index, ipsi ipsilateral, contra Contralateral, SEM Standard error of mean, Number
Number of observation.Different superscripts are significant (P < 0.05) different
between rows

Table 4, umbilical arteries cross-sectional diameter (Umb
A. Cross sectional D; mm) was elevated in jenny at different ages, in addition, both Doppler indices were significantly declined in jenny at 9–14 years compared to other
ages (P < 0.05),while umbilical artery (Umb A.) blood
flow rate was not affected. In Table 5, umbilical arteries cross sectional diameter (Umb A. Cross-sectional D;
mm) was significantly increased from the 5th month till
the 9th months of gestation in jenny (P < 0.05). Both Doppler indices were significantly declined in jenny from
the 5th till the 9th months in pregnant jenny (P < 0.05), in
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Table 3 Middle uterine arteries at both sides (right and left side) in jennies at different gestational months Data are obtained as
mean ± SEM
Variable

Data

L. MUA PI
L. MUA RI

Months of pregnancy

R. MUA Rate(bpm)

8

9

18

17

22

20

19

1.76 ± 0.01A
18

1.69 ± 0.01AB

17

1.42 ± 0.01B

22

1.41 ± 0.01C

20

1.39 ± 0.01C

19

Mean ± SEM

0.68 ± 0.01A
18

0.54 ± 0.01AB

17

0.51 ± 0.02B

22

0.51 ± 0.01B

20

0.46 ± 0.01B

19

Mean ± SEM

66.22 ± 2.01A
18

71.02 ± 2.54AB

17

72.33 ± 2.33AB

22

76.32 ± 0.21B

20

77.52 ± 0.32B

19

Mean ± SEM

1.87 ± 0.01

1.83 ± 0.01

1.85 ± 0.01

1.86 ± 0.01

1.83 ± 0.02

Number

R. MUA RI

7

Number

Number

R. MUA PI

6

Mean ± SEM
Number

L. MUA Rate(bpm)

5

Number

18

17

22

20

19

Mean ± SEM

0.81 ± 0.02

0.82 ± 0.02

0.81 ± 0.01

0.82 ± 0.01

0.83 ± 0.02

Number

18

17

22

20

19

Mean ± SEM

64.58 ± 2.31

65.44 ± 1.22

64.95 ± 2.58

66.25 ± 0.02

65.32 ± 0.01

L Left, R Right, MUA Middle uterine artery, PI Pulsatility index, RI Resistance index, ipsi ipsilateral, contra Contralateral, SEM Standard error of mean, Number Number of
observation.Different superscripts are significant (P < 0.05) different between rows

Table 4 Umbilical arteries diameter and blood flow in jennies at
different ages. Data are obtained as mean ± SEM
Variable

Data

Age of jennies(Years)
4–5

Umb A.
Cross
sectional
D(mm)

9–14

Number

22

20

22

Mean ± SEM

13.02 ± 0.33A

13.66 ± 0.52AB

14.37 ± 0.21B

Umb A. PI Number

22

20

22

Mean ± SEM

1.59 ± 0.01A

1.61 ± 0.01A

1.46 ± 0.01B

Mean ± SEM

0.67 ± 0.01A

0.68 ± 0.01A

0.51 ± 0.02B

Mean ± SEM

64.71 ± 1.22

68.22 ± 0.22

70.81 ± 0.88

Umb A. RI Number
Umb A.
rate

6–8

Number

22
22

20
20

22
22

D Diameter, Umb A Umbilical artery, PI Pulsatility index, RI Resistance index, SEM
Standard error of mean, Number Number of observation.Different superscripts
are significant (P < 0.05) different between rows

addition; umbilical blood flow rate (R; bpm) was elevated
significantly in jenny at different gestational months
(P < 0.05). There were no significant correlations between
CTUP and PI (uterine and umbilical), also no significant
correlation was observed between both CTUP and RI
(uterine and umbilical), but a strong positive correlation
(r = 0.87; P < 0.01) was observed between both Doppler
indices in uterine and umbilical arteries.

Discussion
This is the first study to report changes in uteroplacental
and umbilical blood flow patterns in pregnancy jennies.
The CTUP (mm) was elevated among gestational ages,
which is in accordance with some studies [15, 17, 28, 29],
as all previous studies demonstrated that this elevation
is within the normal values of the combined thickness
and revealed that the placental tissue was functional and

Table 5 Umbilical arteries diameter and blood flow in jennies at different gestational months. Data are obtained as mean ± SEM
Variable

Data

Months of pregnancy
5

Umb A. Cross sec‑
tional D
Umb A. PI
Umb A. RI
Umb A. rate

6

7

8

9

Number

18

17

22

20

19

Mean ± SEM

12.02 ± 0.01A

12.65 ± 0.01AB

13.02 ± 0.01B

14.05 ± 0.01C

14.11 ± 0.01C

Mean ± SEM

1.54 ± 0.01A

1.21 ± 0.01AB

1.11 ± 0.02B

1.01 ± 0.01B

0.98 ± 0.01B

Mean ± SEM

0.77 ± 0.01A

0.71 ± 0.01AB

0.62 ± 0.01B

0.60 ± 0.01B

0.61 ± 0.02B

Mean ± SEM

55.31 ± 0.58A

59.20 ± 2.32AB

61.33 ± 2.22AB

65.24 ± 0.66B

66.25 ± 0.99B

Number
Number
Number

18
18
18

17
17
17

22
22
22

20
20
20

19
19
19

D Diameter, Umb A Umbilical artery, PI Pulsatility index, RI Resistance index, SEM Standard error of mean, Number Number of observation.Different superscripts are
significant (P < 0.05) different between rows
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efficient during different stages of pregnancy [30]. Any
abnormalities in CTUP thickness could adversely affect
the maintenance of pregnancy and therefore lead to placental separation [31] and placentitis [32]. As fetal growth
depends mainly on placental growth and development
[33, 34], a study found that CTUP remained within constant levels, it did not change. Therefore, the use of transrectal ultrasonographic examination to assess CTUP is
superior [15, 16, 33]. Normal values for the CTUP have
been established from 5 months of gestation to 9 months
in normal pregnant quarter horses [33], standard breeds
[35], ponies and Arabs [36], donkeys [17], and Dutch
warm blood [37]. In the current study, no correlation was
observed between CTUP and PI or between CTUP and
RI; similarly, a study in mares revealed that CTUP did not
show any difference between placentitis-induced animals
and noninfected animals [38].
Vascular expression of selected angiogenic factors has
been reported in the placenta during the mid-stage of
pregnancy in many species [39, 40]. Therefore, the uterine artery Doppler parameters in pregnant jenny could
provide data about uterine vascularization and placental function, as previously recorded in women [41]. Our
results were similar to those measured previously by
Ousey et al. [42], who concluded an increase in uterine
blood flow velocities, volume, and rate in the pregnant
woman that was associated with an increase in gestational age to meet pregnancy requirements.
The decline in both middle uterine Doppler indices is
in accordance with some studies [25, 42] that reported a
marked decline in resistance and pulsatility indices (RI
and PI) of the main uterine artery on the right and left
sides, as this decline could reflect on the fetal growth and
development of the placental microcirculation. Moreover, in cats, the uterine resistance index (RI) declined up
to − 15% in abnormal cats compared to − 36% in normal
ones [43]. In humans, the lowest RI occurs at approximately 24 to 25 weeks gestation and remains unchanged
throughout pregnancy [44]. A simultaneous decrease in
RI and PI indicates significant increases in blood flow
parameters such as peak systolic, end diastolic velocities and blood flow rate [45]. The results of the current
study showed changes in the uterine blood flow rate (R;
bpm) during different months of pregnancy. A similar study reported an increase in Doppler velocities and
blood flow rate with advancement of pregnancy that may
be attributed to increased uterine arterial diameter and
increased uterine size resulting from increased intrauterine fetal size [43, 46]. Other parameters were measured
in our study, such as the total blood flow rate in both
uterine and umbilical arteries (R; bpm), as both umbilical blood flow rates were elevated significantly within
different gestational months, while within different ages,
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the rate was not affected. These findings are in accordance with a previous study [38] that reported an increase
in total arterial blood flow rate with advancement of
gestational age in the control mares (P = 0.0001). In this
study, we reported a decline in both Doppler indices
with pregnancy development; in addition, higher Doppler indices were observed in buffalo at 15 years old [19].
Finally, there was a negative correlation between uterine
Doppler indices in all age jenny, as this means a marked
elevation in the uterine vascular supply, especially in the
left side. This finding is in agreement with a recent study
in mare [18], while in contrast, another study concluded
that there was no difference in blood flow between both
sides [18]. This study showed a reduction in left uterine
PI, especially in older jenny without any inflammatory
alterations detected by ultrasound.In accordance with
this study, a similar study [15] reported the same difference in the left side compared to the right one that could
be related to the physiological processes of fetal and presence of the placenta with a cervical star adjacent to the
cervix [2] at this side which could affect the blood flow
rate in the uteroplacental region. Studies reported an
increase in uteroplacental blood flow, but the uterine PI
did not change either in normal or abnormal pregnant
mares[3].
The significant elevation of cross-section umbilical
artery diameter was in accordance with other studies [47,
48] that related to maintaining adequate blood supply to
the fetus in order to get rid of any fetal growth restrictions. Similarly, changes must occur in arteries within
the uterus as well, and there is increasing evidence that
inadequate development of the uterine vasculature to
meet pregnancy requirements may be determined primarily during the definitive placentation process and
that the increase in uterine blood flow area and volume
are associated with an increase in gestational age [42].
The umbilical vein blood flow area pattern was almost
flat with a slightly wavy margin during all weeks of gestation, in accordance with human [49, 50] and veterinary
medicines [51, 52]. Similar to our current study, gestational age related to the marked decline in umbilical
artery PI has been reported [53], which reflects placental
villous circulation.in addition; there was an inverse relation ship between both doppler indices and blood flow
velocity [53–56], Moreover, Wladimiroff et al.[57] calculated mean RI values at different gestational ages among
normal pregnant women. Therefore, noninvasive color
and pulsed wave Doppler sonography have been used to
evaluate uterine and umbilical blood flow changes during
normal pregnancy during different gestational months
at different ages, as the changes in these two parameters
provide a picture of intrauterine fetal development, as
previously mentioned in pregnant buffalos [58, 59], sheep
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[60], queens [61], and bitchs [62]. The use of Doppler
spectral ultrasound in gestational observation in donkey
species is recommended to prevent any pregnancy loss
and abnormal placental development, with the estimation of uterine and umbilical vascularity. Therefore, it was
essential to obtain data from normal healthy pregnant
females to detect future jenny with high-risk pregnancy
due to vascular disorders.
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Conclusion
CTUP observation is critical to determine whether this
current study was performed on normal healthy pregnant jenny without any abnormal conditions throughout the gestational months. We found an elevation in
both middle uterine and umbilical artery blood supply in
jenny with advancement of gestational months. We demonstrated that in this species, Equus asinus, the PI and
RI tend to decline within the gestational months. This
decline was significant in relation to elevation in gestational age, months, CTUP and umbilical artery diameter;
in addition, the age factor on the left side Doppler PI
and RI was greatly suggested. This study determined the
critical role of Doppler technology in this species to prevent gestational complications such as pregnancy losses
and placentitis. Therefore, we recommend further studies
to compare pregnant and nonpregnant healthy animals of
the same donkey species.
Acknowledgements
The author’s sincere acknowledgment to technicians in Veterinary Teaching
Hospital, Cairo University, for their help throughout this current work.
Authors’ contribution
Elshymaa A. Abdelnaby preformed Doppler scanning, statistical analysis,
manuscript writing, draft processing and editing. Ibrahim A. Emam performed
ultrasound scanning, and animal availability from the surgery department. Aya
M. Fadl performed in the practical work and editing. Hossam R. El-Sherbiny
performed the English editing to the whole paper, and revised the final
version of the manuscript to be more acceptable. The author(s) read and
approved the final manuscript.
Funding
Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB). The article open access funding provided by the Science, Technology
& Innovation Funding Authority (STDF) in cooperation with The Egyptian
Knowledge Bank (EKB) with institutions.
Availability of data and materials
The raw data support outcomes of the present study is available by the cor‑
responding author.

Declarations
Ethics approval and consent to participate
All animals were treated and used by following ethical approval from the Vet‑
erinary Medicine Cairo University Institutional Animal Care and Use Commit‑
tee (Vet CU 23052022461). All methods were performed in accordance with
relevant guidelines and regulations. All methods are reported in accordance
with ARRIVE guidelines. Not Applicable

References
1. Cummins C, Carrington S, Fitzpatrick E, Duggan V. Ascending placentitis
in the mare: A review. Ir Vet J. 2008;61(5):307–13. https://doi.org/10.1186/
2046-0481-61-5-307.
2. Kim-Egloff C, H€assig M, Bruckmaier R, Bleul U. Doppler sonographic
examination of uterine and placental perfusion in cows in the last month of
gestation and effects of epidural anesthesia and isoxsuprine. Theriogenol‑
ogy. 2016;85:986–98. https://doi.org/10.1016/j.theriogenology.2015.11.010.
3. Klewitz J, Struebing C, Rohn K, Goergens A, Martinsson G, Orgies F, Probst
J, Hollinshead F, Bollwein H, Sieme H. Effects of age, parity, and pregnancy
abnormalities on foal birth weight and uterine blood flow in the mare.
Theriogenology. 2015;83(4):721–9. https://doi.org/10.1016/j.theriogeno
logy.2014.11.007.
4. Abouelela YS, Yasin NAE, El Karmoty AF, Khattab MA, El-Shahat KH,
Abdelnaby EA. Ovarian, uterine and luteal hemodynamic variations
between pregnant and non-pregnant pluriparous Egyptian buffalos with
special reference to their anatomical and histological features. Theriogen‑
ology. 2021;173:173–82. https://doi.org/10.1016/j.theriogenology.2021.
06.022 (PMID34392170).
5. Waldvogel D, Bleul U. Effect of xylazine, isoxsuprine, and lidocaine on
Doppler sonographic uterine and umbilical blood flow measurements in
cows during the last month of pregnancy. Theriogenology. 2014;81:993–
1003. https://doi.org/10.1016/j.theriogenology.2014.01.031.
6. Abdelnaby EA, El-Maaty AMA, Ragab RSA, Seida AA. Assessment of
Uterine vascular perfusion during the estrous cycle of mares in connec‑
tion to circulating leptin and nitric oxide concentrations. J Equine Vet Sci.
2016;39:25–32.
7. Salama A, Abdelnaby EA, Emam IA, Fathi M. Single melatonin injection
enhances the testicular artery hemodynamic, reproductive hormones,
and semen parameters in German shepherd dogs. BMC Veterinary
Res.  2022. https://doi.org/10.1186/s12917-022-03487-y.
8. Abdelnaby EA, Emam IA, Salem NY, Ramadan ES, Khattab MS, Farghali
HA, Abd El Kader NA. Uterine hemodynamic patterns, oxidative stress,
and chromoendoscopy in mares with endometritis. Theriogenology.
2020;158:112–20.
9. Abdelnaby EA. Testicular haemodynamics, plasma testosterone and
oestradiol concentrations, and serum nitric oxide levels in the Egyptian
buffalo bull after a single administration of human chorionic gonadotro‑
pin. Reprod Domest Anim. 2022;57(7):754–60.
10. Farghali HA, AbdElKader NA, Fathi M, Emam IA, AbuBakr HO, Alijuaydi
SH, Salem NY, Khattab MS, Salama A, Ramadan ES, Yehia SG, Abdelnaby
EA. The efficiency of intrauterine infusion of platelet-rich plasma in the
treatment of acute endometritis as assessed by endoscopic. Doppler, oxi‑
dative, immunohistochemical, and gene expression alterations in jennies
Theriogenology. 2022;181:147–60.
11. Abdelnaby EA, Emam IA, Fadl AM. Assessment of the accuracy of testicular dys‑
function detection in male donkey (Equus asinus) with the aid of colour-spectral
Doppler in relation to plasma testosterone and serum nitric oxide levels. Reprod
Domest Anim. 2021;56:764–74. https://doi.org/10.1111/rda.13916.
12. Fadl AM, Abdelnaby EA, El-Sherbiny HR. Supplemental dietary zinc
sulphate and folic acid combination improves testicular volume and
haemodynamics, testosterone levels and semen quality in rams under
heat stress conditions. Reprod Domest Anim. 2022;00:1–10. https://doi.
org/10.1111/rda.14096\.

Abdelnaby et al. BMC Veterinary Research

(2022) 18:404

13. Baschat AA. Fetal growth restriction - from observation to intervention. J
Perinat Med. 2010;38(3):239–46. https://doi.org/10.1515/JPM.2010.041.
14. Oros D, Figueras F, Cruz-Martinez R, Meler E, Munmany M, Gratacos E.
Longitudinal changes in uterine, umbilical and fetal cerebral Doppler
indices in late-onset small-for-gestational age fetuses. Ultrasound Obstet
Gynecol. 2011;37:191–5.
15. Lemos SGC, Campos DG, Ferreira CSC, Balaro MFA, Cunha LER, Pinna AE,
Brand~ao FZ. Uterine vasculature of pregnant mares of donkey and stallion
through the Doppler ultrasonography spectral mode. Pesqui Vet Bras.
2017;37(8):877–82. https://doi.org/10.1590/S0100-736X2017000800017.
16. Campos IS, Souza GN, Pinna AE, Ferreira AM. Transrectal ultrasonogra‑
phy for measuring of combined uteroplacental thickness in pregnant
Mangalarga Marchador mares. Theriogenology. 2017;96:142–4.
https://doi.org/10.1016/j.theriogenology.2017.04.013.
17. Carluccio A, Noto F, Parrillo S, Contri A, De Amicis I, Gloria A, Robbe D,
Veronesi MC. Transrectal ultrasonographic evaluation of combined uteroplacental thickness during the last half of pregnancy in Martina Franca
donkeys. Theriogenology. 2016;86(9):2296–301. https://doi.org/10.1016/j.
theriogenology.2016.07.025 (Epub 2016 Jul 30 PMID: 27566849).
18. Bailey CS, Sper RB, Schewmaker J, Buchanan CN, Beachler TM, Pozor MA,
Whitacre MD. Uterine artery blood flow remains unchanged in pregnant
mares in response to short term administration of pentoxifylline. Theriog‑
enology. 2012;77:430–6.
19. El-Sherbiny HR, Samir H, El-Shalofy AS, Abdelnaby EA. Exogenous L-argi‑
nine administration improves uterine vascular perfusion, uteroplacental
thickness, steroid concentrations, and nitric oxide levels in pregnant buf‑
faloes under subtropical conditions. Reprod Domest Anim. 2022;00:1–10.
https://doi.org/10.1111/rda.14225.
20. Sheerin PC, Morris S, Kellerman A. Diagnostic efficiency of transrectal
ultrasonography and plasma progestins profiles in identifying mares at
risk of premature delivery Proceeding of the focus on equine reproduc‑
tion meeting 2003 : 22–23
21. Bucca S, Carli A, Fogarty U. How to assess fetal viability by transrectal
ultrasound evaluation of fetal peripheral pulses Proceedings of the 53rd
Annual Convention of the American Association of Equine Practitioners.
2007;53:321338. https://aaep.org/sites/default/files/issues/proceedings-
07proceedings-z9100107000335.pdf.
22. Quaresma M, Payan-Carreira R, Silva SR. Relationship between ultrasound
measurements of body fat reserves and body condition score in female
donkeys. Vet J. 2013;197(2):329–34. https://doi.org/10.1016/j.tvjl.2012.12.
031 (Epub 2013 Feb 6 PMID: 23395347).
23. Abdelnaby E, Yasin N, Abouelela YS, Rashad E, Daghash S, ElSherbiny H.
Ovarian, uterine, and luteal vascular perfusions during follicular and luteal
phases in the adult cyclic female rabbits with special orientation to their
histological detection of hormone receptor. BMC Vet Res. 2022. https://
doi.org/10.1186/s12917-022-03390-6.
24. Kliegman R, Das UG. Intrauterine growth retardation, in Knickerbocker,
J.J., Wiltbank, M.C., Niswender, G.D. Mechanisms of luteolysis in domestic
livestock. Domestic Animal Endocrinology 2002; 5:91–107.
25. Bollwein H, Weber F, Woschée I, Stolla R. Transrectal Doppler sonography
of uterine and umbilical blood flow during pregnancy in mares. Theriog‑
enology. 2004;61(2–3):499–509. https://doi.org/10.1016/s0093-691x(03)
00225-5 (PMID: 14662147).
26. Ferreira CSC, Morais RDCL, de Andrade ABP, Balaro MFA, Ribas JAS, Gomes
GM. Spectral Doppler ultrasound in selecting an equine embryo receiver.
Reprod Domest Anim. 2020;55:747–52. https://doi.org/10.1111/rda.13676.
27. Ginther O J. Ultrasonic Imaging and Animal Reproduction: Color-Doppler
ultrasonography, Ginther O.J. (ed). Cross Plains: Equiservices Publishing;
2007. p. 258.
28. Campos IS, de Souza GN, Gomes GM, Pinna AE, Ferreira AMR. Spectral
Doppler ultrasound in the placental development of Mangalarga Mar‑
chador mares. Theriogenology. 2022;180:171–5. https://doi.org/10.1016/j.
theriogenology.2021.12.019. Epub 2021 Dec 21.
29. Souza AM, Winter GHZ, Garbade P, Wolf CA, Jobim MIM, Gregory RM,
Mattos RC. Ultrasonographic evaluation of the Criollo mare placenta. Anim
Reprod Sci. 2010;121S:320e1. https://doi.org/10.1016/j.anireprosci.2010.04
30. Requena FD, Agüera E, Requena F, Pérez-Marín CC. Transrectal ultrasono‑
graphic measurements of the combined thickness of the uterus and
placenta in Spanish Purebred mares Anim. Reprod. 2017;14(1):1278–84.

Page 8 of 9

31. Rathbun KM, Hildebrand JP. Placenta Abnormalities. [Updated 2021 Oct
21]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2022
Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK459355/
32. Kimura Y, Haneda S, Aoki T, Furuoka H, Miki W, Fukumoto N, Matsui M,
Nambo Y. Combined thickness of the uterus and placenta and ultrasono‑
graphic examinations of uteroplacental tissues in normal pregnancy,
placentitis, and abnormal parturitions in heavy draft horses. Journal of
equine science. 2018;29(1):1–8. https://doi.org/10.1294/jes.29.1.
33. Renaudin CD, Troedsson MHT, Gillis CL, King VL, Bodena A. Ultrasono‑
graphic evaluation of the equine placenta by transrectal and transab‑
dominal approach in the normal pregnant mare. Theriogenology.
1997;47:559–73.
34. Troedsson M H T, Renaudin C D, Zent WW, Steiner J V. Transrectal ultra‑
sonography of the placenta in normal mares and mares with pending
abortion: a field study. In Proceedings of 43rd Annual Convention of the
American Association of Equine Practitioners, Denver, Colorado 1997:
256–258.
35. Bucca S, Fogarty U, Collins A, Small V. Assessment of feto-placental wellbeing in the mare from mid-gestation to term: transrectal and transab‑
dominal ultrasonographic features. Theriogenology. 2005;64:542–57.
36. Barnes M, Fite C, Tibary A. Trans-rectal ultrasonographic evaluation of the
placenta in Arabian and pony mares in mid to late gestation. Theriogen‑
ology. 2005;64:787–92.
37. Hendriks WK, Colenbrander B, Weijden GC, Stout TA. Maternal age and
parity influence ultrasonographic measurements of fetal growth in Dutch
Warmblood mares. Anim Reprod Sci. 2009;115:1–4.
38. Bailey CS, Heitzman JM, Buchanan CN, Bare CA, Sper RB, Borst LP,
Macpherson M, Archibald K, Whitacre M. B-mode and Doppler ultra‑
sonography in pony mares with experimentally induced ascending
placentitis. Equine Vet J. 2012;44:88–94.
39. Reynolds LP, Caton JS, Redmer DA, Grazul-Bilska AT, Vonnahme KA, Boro‑
wicz PP, Luther JS, Wallace JM, Wu G, Spencer TE. Evidence for altered pla‑
cental blood flow and vascularity in compromised pregnancies. J Physiol.
2006;572(Pt 1):51–8. https://doi.org/10.1113/jphysiol.2005.104430. Epub
2006 Feb 9.
40. Reynolds LP, Vonnahme KA, Lemley CO, Redmer DA, Grazul-Bilska AT,
Borowicz PP, Caton JS. Maternal stress and placental vascular function
and remodeling. Curr Vasc Pharmacol. 2013;11:564–75.
41. Liang RI, Yao FM, Chang BL, Yu CH, Ko HC. Predicting birth weight by fetal
upper arm volume with the use of three-dimensional ultrasonography.
American Journal of Obstetrics and Gynaecology. 1997;177:632–8.
42. Ousey JC, Kölling M, Newton R, Wright M, Allen WR. Uterine hemody‑
namics in young and aged pregnant mares measured using Doppler
ultrasonography. Equine Vet J. 2012;44:15–21.
43. Blanco PG, Rodríguez R, Olguín S, Rube A, Tórtora M, Gobello C. Doppler
ultrasonographic assessment of maternal and fetal arteries during normal
feline gestation. Anim Reprod Sci. 2014;46:63–9.
44. Alexander D, Kofinas MD, Mark A, Espeland PD, Mary-Penry RN, Hatjis
MD. Uteroplacental Doppler flow velocity waveform indices in normal
pregnancy. Am J Perinatol. 1992;9:1–5.
45. Flo K, Wilsgaard T, Acharya G. Longitudinal reference ranges for umbilical
vein blood flow at a free loop of the umbilical cord. Ultrasound Obstet
Gynecol. 2012;36:567–72.
46. Browne VA, Julian CG, Toledo-Jaldin L, Cioffi-Ragan D, Vargas E, Moore LG.
Uterine artery blood flow, fetal hypoxia and fetal growth. Philos Trans R
Soc Lond B Biol Sci. 2015;370(1663):20140068. https://doi.org/10.1098/
rstb.2014.0068.
47. Chen D, Zhou X, Zhu Y, Zhu T, Wang J. Comparison study on uterine and
umbilical artery blood flow during pregnancy at high altitude and at low
altitude. Zhonghua Fu Chan Ke Za Zhi. 2002;37(2):69–71 (Chinese PMID:
11953065).
48. Filmar G, Panagopoulos G, Minior V, Barnhard Y, Divon MY. Elevated
umbilical artery systolic/diastolic ratio in the absence of fetal growth
restriction. Arch Gynecol Obstet. 2013;288(2):279–85. https://doi.org/10.
1007/s00404-013-2764-5 (Epub 2013 Feb 21 PMID: 23430031).
49. Stampalija T, Gyte G, Alfirevic Z. Uteroplacental Doppler ultrasound for
improving pregnancy outcome.Cochrane Database Syst. Rev 2010; 9.
50. Alfirevic Z, Stampalija T, Gyte G. Fetal and umbilical Doppler ultrasound in
high-risk pregnancies. Cochrane Database Syst Rev. 2013;11:1411–8.

Abdelnaby et al. BMC Veterinary Research

(2022) 18:404

Page 9 of 9

51. Di-Salvo P, Bocci F, Polisca A. Doppler evaluation of maternal and fetal
vessels during normal gestation in the bitch. Research of Veterinary Sci‑
ence. 2006;81:382–8.
52. Serin G, Gokdal O, Tarimcilar T, Atay K. Umbilical artery Doppler sonogra‑
phy in Saanen goat fetuses during singleton and multiple pregnancies.
Theriogenology. 2010;74:1082–7.
53. Maher M A, Farghali H A M, Abdelnaby E A, Emam I A. Gross anatomical,
radiographic and Doppler sonographic approach to the infra- auricular
parotid region in donkey (Equus asinus). Journal of Equine Veterinary Sci‑
ence 2020; 88: 102968. h t t p s : //d o i .org/https://doi.org/10.1016/j.jevs.
2020.102968
54. Abdelnaby EA, Abouelela YS, Yasin NAE. Evaluation of Penile Blood Flow
in Dogs With TVT Before and After Chemotherapeutic Treatment With
Special Reference to its Angioarchitecture. Advances in Animal and
Veterinary Sciences. 2021;9(8):1–10.
55. El-Sherbiny HR, Abdelnaby EA, El-Shahat KH, Salem NY, Ramadan ES,
Yehia SG, Fathi M.Coenzyme Q10 Supplementation enhances testicular
volume and hemodynamics, reproductive hormones, sperm quality,
and seminal antioxidant capacity in goat bucks under summer hot
humid conditions. Vet Res Commun 2022. https://doi.org/10.1007/
s11259-022-09991-8
56. El-Sherbiny HR, Fathi M, Samir H, Abdelnaby EA. Supplemental dietary
curcumin improves testicular hemodynamics, testosterone levels, and
semen quality in Baladi bucks in the nonbreeding season. Theriogenology.
2022;188:100–7. https://doi.org/10.1016/j.theriogenology.2022.05.02.
57. Harneet N, Kapila AK, Kaur MM. Cerebral and umbilical arterial blood flow
velocity in normal and growth retarded pregnancy. Journal of Obstetrics
and Gynecology India. 2009;59:47–52.
58. Wladimiroff JW, Wijngaard JA, Degani S. Cerebral and umbilical arterial
blood flow velocity wave forms in normal and growth retarded pregnan‑
cies. Obstetrics and Gynecology. 1987;69:705–9.
59. Abdelnaby EA. Hemodynamic changes in arterial flow velocities through‑
out the first six months of pregnancy in buffalo heifers by Doppler
ultrasonography. Asian Pac J Reprod [serial online] 2020 [cited 2022 Nov
11];9:204–10. Available from: https://www.apjr.net/text.asp?2020/9/4/
204/288589.
60. El-Metwally M, Meinecke-Tillmann S. Doppler ultrasonographic investiga‑
tions of umbilical blood flow characteristics in normal developed sheep
and goat fetuses. Reprod Domest Anim. 2012;47:20–5.
61. Scotti L, DiSalvo P, Bocci F, Pieremati C, Polisca A. Doppler evaluation of
maternal and fetal vessels during normal gestation in queen. Theriogen‑
ology. 2008;69:1111–9.
62. Martins LAB, Veiga ECA, Ribeiro CCC, Sim~oes VMF, Cardoso VC, Bettiol
H. Uterine vascular resistance and other maternal factors associated with
the risk of developing hypertension during pregnancy. Braz J Med Biol
Res. 2021;54(1):101–18. https://doi.org/10.1590/1414-431X202010118.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

