
animals

Article

Ultrasonography Evaluation of Umbilical Structures in
Clinically Healthy Donkey Foals during the First Week of Life

Valentina Vitale 1,2, Irene Nocera 1,2,* , Micaela Sgorbini 1,2 , Benedetta Aliboni 1,2, Fulvio Laus 3 ,
Aurora Mannini 1,2 and Marilena Bazzano 3

����������
�������

Citation: Vitale, V.; Nocera, I.;

Sgorbini, M.; Aliboni, B.; Laus, F.;

Mannini, A.; Bazzano, M.

Ultrasonography Evaluation of

Umbilical Structures in Clinically

Healthy Donkey Foals during the

First Week of Life. Animals 2021, 11,

1650. https://doi.org/10.3390/

ani11061650

Academic Editor: Thomas

W. Swerczek

Received: 22 April 2021

Accepted: 28 May 2021

Published: 2 June 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Veterinary Sciences, Viale Delle Piagge 2, 56124 Pisa, Italy; v.vitale_vet@yahoo.es (V.V.);
micaela.sgorbini@unipi.it (M.S.); benedetta.aliboni@libero.it (B.A.); aurora.mannini@gmail.com (A.M.)

2 Veterinary Teaching Hospital, Via Livornese Snc, San Piero a Grado, 56122 Pisa, Italy
3 School of Biosciences and Veterinary Medicine, University of Camerino, 62032 Camerino, Italy;

fulvio.laus@unicam.it (F.L.); marilena.bazzano@unicam.it (M.B.)
* Correspondence: irene.nocera@vet.unipi.it

Simple Summary: Umbilicus assessment is an essential part of the clinical examination in neonates
because the umbilicus could be a potential access-point for pathogens. Thus, an early and accurate
diagnosis is pivotal in order to check for any evidence of umbilical infections and potentially life-
threating sepsis. Ultrasound scanning has been shown to be a valuable tool, both in equine foals and
calves, in order to assess the diameter and appearance of external and intra-abdominal umbilicus
remnant. To the best of our knowledge, no reports are available for donkey foals; thus, the present
study evaluates ultrasonography and measures the umbilical remnants in donkey foals in the first
week of life. No statistical differences in the size and appearance of the umbilical remnants were
observed during the first week of life in the donkey foals, and the measurement values reported in
this study are comparable with the ones obtained in equine foals and calves.

Abstract: The umbilicus is a potential access-point for pathogens in equine foal, causing umbilical
infections and potentially life-threating illness. Early diagnosis based on ultrasonographic appearance
and measurement is crucial to avoid severe complications and promptly implement appropriate
therapy. This study ultrasonographically evaluates the umbilical remnants of donkey foals, in the
first week of life. Fifteen healthy donkey foals were included in the study. The umbilical vein, arteries
and urachus ultrasounds were performed at 24 h, 3 and 7 days of life, using a portable ultrasound
machine and a 5–7.5 MHz multifrequency linear probe. The Kruskal–Wallis test and Dunn’s multiple
comparisons test were applied to verify differences in relation to time for all the umbilical remnants
measured. Statistical significance was set at p < 0.05. No statistical differences were observed in
relation to time regarding umbilical remnant measurements. A correlation was found between body
weight and the left artery at T0. The regression of the umbilical remnant during the first week of life
was slower compared with what was reported in equine foals but was comparable with the results
on calves. Thus, the different regression timing needs be considered when evaluating donkey foals
with umbilical remnant diseases within the first week of life.

Keywords: donkey; foal; umbilicus; ultrasound

1. Introduction

Donkeys (Equus asinus) represent an important percentage of the world equine popula-
tion [1]. They have been close companions of humans for millennia and are used as working
animals. Nowadays, donkeys are also used for milk production and animal-assisted ther-
apy [1] and are considered pets [2]. For these reasons, the importance of knowing the
most common diseases of this species has increased. The scientific literature has shown a
renewed interest in these animals regarding their welfare [3], infectious diseases [4–7], the
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need for specific diagnostic criteria and reference values in adult donkeys [6–14], pregnant
and lactating jennies [13–16] and donkey foals [17–19].

In foals, the umbilical remnants diseases (i.e., infection or patent urachus) are con-
sidered a relevant problem for the neonate [20–24], and an early diagnosis is of great
importance [21,23–26]. Moreover, umbilical remnants could be a potential access-point
for pathogens, causing infectious diseases, sepsis and neonatal mortality [27,28]. Ultra-
sonography represents a useful and valuable diagnostic tool in equine practice and is in
common use by veterinarian practitioners, both in field and hospital settings. The literature
on the umbilical cord ultrasonography appearance of equine foals is abundant [29,30].
The use of high-frequency linear (10–12 MHz) or transrectal (5–7.5 MHz) probes has been
suggested, and the hair should be clipped, whenever possible, from the xiphoid caudal to
the inguinal region, wetting with alcohol and coupling gel [23]. Horse foals tolerate the
ultrasound procedure well without the need for sedation; moreover, this procedure can be
performed while the foal is either standing beside the mare or in lateral recumbency, prop-
erly restrained [23,26]. The following structures are usually scanned during the procedure:
the external umbilical remnant, umbilical vein, urachus and umbilical arteries [23]. The
most common pathologies that can be detected with the use of ultrasound are infection
of the external umbilical remnant, vein, arteries or urachus; umbilical hernia; and patent
urachus [23].

The umbilical remnants in calves used to be checked by clinical examination of the
umbilicus area, but an ultrasonographic technique has also been described. The ultrasound
scan has been described as an accurate imaging technique for external and intra-abdominal
umbilical remnant size and appearance [31,32]. This procedure has been described as being
performed while the calf is standing in a similar way as in the equine foal, using a 5 MHz
linear probe [31,32].

To the authors’ knowledge, no ultrasound appearance description, size reference
values and physiological atrophy time can be found on umbilicus remnants in donkey
foals. Thus, the aims of this study were (1) to describe the umbilical remnant ultrasono-
graphic examination in healthy donkey foals in the first week of life and (2) to report the
measurements of the umbilical structures in these foals.

2. Materials and Methods
2.1. Animals

A total of fifteen healthy donkey foals were included in this research. Nine out of
15 were Amiata donkey foals (6 fillies and 3 colts) born at the Department of Veterinary
Sciences, University of Pisa during the 2012 and 2019 foaling seasons, and 6/15 (3 fillies
and 3 colts) were mixed-breed donkey foals born at the stud farm, Azienda Agricola
“Cambiotti”, in Perugia Province, during the 2020 foaling season. Foals were considered
healthy on the basis of their APGAR score and a clinical examination performed at birth,
and then each day until 7 days of age. The external umbilical stump was also visually
assessed. Foals were weighed immediately after standing, using a dedicated scale, and
were housed in a box with the mare for the entire study-period.

Approval to conduct this study was obtained from the Ethics Committee on Animal
Experimentation of the University of Pisa and transmitted to the Italian Ministry of Health
for the 2012 foaling season, in line with the D.Lgs 116/92. The 2019 and 2020 foaling seasons
were approved by the “Organismo Preposto al Benessere Animale” (OPBA), University of
Pisa, according to the D.Lgs. 26/14 (Prot. N. 33476/16).

2.2. Ultrasonography Technique

The ultrasound evaluation of the umbilical remnant was performed at 24 h (T0) (Figure 1)
and then again at 3 (T1) (Figure 2) and 7 (T2) (Figure 3) days of life. The ultrasound
examination was performed in lateral recumbency (right or left) in the presence of the
dam by two experienced operators (MS and FL). None of the foals were sedated, but they
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were manually restricted. No hair clipping was performed, and only alcohol coupled with
ultrasound gel was applied to provide appropriate contact [23,26].
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Figure 2. (A) Ultrasound image of the umbilical vein cranial to the umbilical stump at T1 (white 
arrow), transverse section. (B) Ultrasound image of the umbilical vein at the xiphoid cartilage at T1 
(white arrow), transverse section. (C) Ultrasound image of the urachus (big white arrow) and left 
and right arteries (small white arrows) at T1, transverse section. The left side of the images is left, 
and the right side is right. B-mode, linear probe 7.5 MHz. 

Figure 1. (A) Ultrasound image of the umbilical vein cranial to the umbilical stump at T0 (white
arrow), transverse section. (B) Ultrasound image of the umbilical vein at the xiphoid cartilage at T0
(white arrow), transverse section. (C) Ultrasound image of the urachus (big white arrow) and left
and right arteries (small white arrows) at T0, transverse section. The left side of the images is left,
and the right side is right. B-mode, linear probe 7.5 MHz.
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Figure 2. (A) Ultrasound image of the umbilical vein cranial to the umbilical stump at T1 (white
arrow), transverse section. (B) Ultrasound image of the umbilical vein at the xiphoid cartilage at T1
(white arrow), transverse section. (C) Ultrasound image of the urachus (big white arrow) and left
and right arteries (small white arrows) at T1, transverse section. The left side of the images is left,
and the right side is right. B-mode, linear probe 7.5 MHz.
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Figure 3. (A) Ultrasound image of the umbilical vein cranial to the umbilical stump at T2 (white 
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and right arteries (small white arrows) at T2, transverse section. The left side of the images is left, 
and the right side is right. B-mode, linear probe 7.5 MHz. 
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Figure 3. (A) Ultrasound image of the umbilical vein cranial to the umbilical stump at T2 (white
arrow), transverse section. (B) Ultrasound image of the umbilical vein at the xiphoid cartilage at T2
(white arrow), transverse section. (C) Ultrasound image of the urachus (big white arrow) and left
and right arteries (small white arrows) at T2, transverse section. The left side of the images is left,
and the right side is right. B-mode, linear probe 7.5 MHz.

Ultrasound was performed with a real-time B mode scan using a portable ultrasound
machine (MyLab30Gold, Esaote, Italy) and a 5–7.5 MHz multifrequency linear probe
transducer [21,23–26,33,34]. The following anatomic structures were examined: umbilical
arteries caudal to the external stump, the urachus and the urachus–arteries complex at the
apex of the bladder, and the umbilical vein, which was scanned from just cranial to the
external stump to caudal to the xiphoid cartilage [23,25,26,34].

Both short (transverse) and long-axis (sagittal) views were obtained for all the struc-
tures in order to carried out a qualitative evaluation, while the measurements were evalu-
ated on the transverse view. The transverse view was obtained by placing the probe with
an orientation perpendicular to the lumbar spine, while the sagittal view was obtained by
placing the probe parallel to the lumbar spine [26,34]. The ultrasound exam of the vein was
performed in a caudo-cranial direction, from the umbilical stump to the liver [23,25,34],
while the other structures were examined in a cranio-caudal direction from the umbilical
stump to the bladder [26].

The ultrasound video and images were recorded, and the qualitative evaluation and
measurements of each umbilical structure were performed offline using dedicated software
(MyLab Desk, Esaote, Italy). The measurements were performed by 3 experienced operators
(VV in 2012; IN in 2019; MB in 2020). The measurements of greatest cross-sectional diameter
were performed on the transverse view, and they were evaluated on the following areas:
for the umbilical vein just cranial to the external umbilicus (“cranial umbilicus”) and at
the level of the xiphoid cartilage (“xiphoid cartilage”), and for urachus and arteries, just
caudal to the external umbilicus.

2.3. Statistical Analysis

Data were analyzed for distribution using the Shapiro–Wilk test. Since data did not
show a Gaussian distribution, results were expressed as median, minimum and maximum
values. The Mann–Whitney test was applied to verify differences in body weight (BW)
between the two groups (Amiata versus mixed breed) and between sexes. The Kruskal–
Wallis test and Dunn’s multiple comparisons test were applied to verify differences in
relation to time for all the umbilical remnant structures measured. The Spearman test
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was performed to verify the correlation between BW and measures recorded at all times.
Statistical significance was set at p < 0.05.

3. Results

The umbilical stump was visually normal at birth in all the included donkey foals.
The median BW was 26.75 (22.5–34.5 kg) and 25 kg (25–35 kg) in Amiata donkey foals

and in mixed-breed foals, respectively. In fillies, the median BW was 25 kg (22.5–34.5 kg),
while in colts, it was 29 kg (25–35 kg). No differences in BW were found between the two
groups (Amiata versus mixed breed) (p = 0.5515) or between fillies and colts (p = 0.2044).

The measurements of the umbilical structures recorded in donkey foals were reported in
Table 1. No statistical differences were observed in relation to time for the right (p = 0.8223)
or left (p = 0.6011) arteries, the umbilical vein (p = 0.8758), the urachus (p = 0.2757) or the
urachus–arteries complex (p = 0.1683).

Table 1. Measurements obtained for the umbilical structures in donkey foals at birth (T0), three days
(T1) and one week (T2). Values are reported in cm and expressed as median (minimum–maximum
value). The measurements are reported for the umbilical vein (UV) just cranial to the external
umbilicus (“cranial umbilicus”) and at the level of the xiphoid cartilage (“xiphoid cartilage”).

Parameters T0
cm

T1
cm

T2
cm

Right Artery 0.63
(0.44–1.58)

0.68
(0.44–1.77)

0.73
(0.34–1.72)

Left Artery 0.71
(0.43–1.96)

0.72
(0.53–1.70)

0.73
(0.46–1.90)

Urachus 0.61
(0.46–1.12)

0.87
(0.58–2.46)

0.78
(0.55–3.30)

Urachus–Arteries Complex 2.21
(1.86–3.46)

2.16
(0.90–3.01)

2.24
(0.54–3.01)

UV cranial umbilicus 0.89
(0.47–1.83)

0.73
(0.30–2.01)

0.79
(0.34–1.87)

UV xiphoid cartilage 0.88
(0.52–1.72)

0.67
(0.42–2.11)

0.62
(0.31–1.87)

A correlation was only found between BW and left artery measurement at T0 (r = 0.5453;
p = 0.0461).

4. Discussion

This study describes, for the first time, the ultrasonography of umbilical structures
in donkey foals. The umbilical cord is composed, in both equine and donkey foals, of the
amniotic sheath, two arteries, the urachus and the umbilical vein [1,20,23,24,27,34]. The
vein courses along the midline, cranially to the liver, very close to the skin surface, until the
xiphoid process, and then it bends dorsally and enters the liver. After parturition, it atro-
phies and becomes the round ligament of the liver, part of the falciform ligament [1,23,26].
The umbilical arteries branch from the internal pudendal artery and course along the sides
of the bladder before entering the umbilical stump. The arteries also atrophy postpartum
and become the round ligaments of the bladder [1,23,26]. Fetal urine is excreted through
the urachus, which connects the apex of the bladder to the allantoid cavity. The urachus
courses between the umbilical arteries that close and atrophy along their entire length after
birth [1,23,26].

In this study, the measurements of arteries, vein and urachus did not differ from
those reported for equine foals [21,30] and also for Holstein calves, both at 24 h and
7 days [31,32,35]. This is surprising because the size of anatomical structures is usually
related to body size, as has been shown for the front digit structures, comparing horses
and donkeys [10]. A neonatal Amiata donkey foal weighs approximately 27.83 ± 5.40 kg,
which is 2/3 the weight of a typical standardbred foal at birth [12], and a similar weight
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has also been found in the mixed-breed group; moreover, this value is lower than the mean
body-weight value reported in Holstein newborns, which is 34 kg [35]. Nevertheless, the
mean length of the umbilical cord recorded in donkeys was similar to that described in
horses [1]; thus, it is possible that the proportions for these structures do not have similar
correlation with BW.

We did not find significative differences in the measures of the umbilical cord struc-
tures between fillies and colts, in line with what has been shown both in foals [30] and
calves [32]. Moreover, this result might be correlated and supported by the absence of
differences even for BW, as reported previously [14].

Another interesting finding is that the percentage of reduction in size of the umbilical
remnants described in standardbred foals is approximately 20% at one week of age [30].
We did not observe any change in size of the structures measured over the seven days
of observation; thus, no regression of the umbilicus was found during the first week of
age in donkey foals. In healthy calves, it has been shown that there is no significative
change within one week of life in the size of the umbilical vein and arteries; however, they
substantially decreased from day 1 to four weeks of age [31,32,35]. It is possible that the
atrophy of the umbilical arteries and vein is slower in donkeys compared to horses, and
it might be significative after a prolonged observation period, as shown in calves. Thus,
more studies are warranted in order to assess the onset, rate and duration of regression.

Finally, the only correlation found between BW and the umbilical structures at T1 was
with the left umbilical artery. This result could be related to the small size of the population
enrolled, or it could be a type 1 statistical error; thus, further studies including a large
number of donkey foals are needed to evaluate the relation between BW and the measures
of the umbilical structures.

This study has some limitations, such as a low number of animals included and that
two different donkey breeds were enrolled. Several breeds of donkey exist around the
globe with different body-size; thus, it could possible that the values obtained in this paper
may not apply to other breeds. Moreover, the foals were judged to be healthy based only on
a physical exam. As they did not develop any disease even after the study was performed,
it is unlikely that they were affected by any umbilical abnormality, but this cannot be
completely excluded. Finally, as already mentioned, the ultrasonography was performed
from birth until one week of age; thus, we cannot describe the timing of regression of
umbilical remnants in donkeys.

5. Conclusions

Contrary to what has been found for hematological and biochemical parameters [8],
the ranges of umbilical measurements, including the urachus, vein and arteries, reported
for horses were comparable with what has been found in donkeys for the first week of age.
The regression of the structures is probably slower compared with equine foals, and this
should be taken into account when evaluating older foals with possible umbilical disease.
Further studies are needed in order to establish the onset and rate of involution during the
first months of life in donkey foals.
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