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Abstract
Background: Ultrasonographic measurement of the vena cava and aorta (Ao) diameters 
and their ratios have been suggested to be a reliable way of quantifying hypovolemia.
Objective: To evaluate the feasibility and reliability of an ultrasonographic technique 
for measurement of Ao and caudal vena cava (CVC) and derived ratios using three 
different acoustic windows in a population of healthy neonatal foals. Correlation be-
tween Ao and CVC measurements and ratios and foals' age or bodyweight were also 
investigated.
Methods: In 14 healthy foals aged less than 7 days, the diameters of the Ao and of the 
CVC in long and short axis were measured by two observers from images obtained 
using three different ultrasonographic imaging planes (left dorsal, left ventral and 
right views). The Ao and CVC cross-sectional area and the CVC/Ao diameter and area 
ratios were calculated. Image quality was subjectively assessed. Intraobserver and 
interobserver reliabilities for image quality scores and measurements were evaluated 
between the two observers. Simple linear regression models were used to identify 
correlations between the CVC/Ao measurements and ratios and the age and body-
weight of the foals.
Results: The left ventral view showed the highest reliability. A correlation between 
bodyweight and the short axis measurement of the CVC was found (R2  =  0.385; 
p = 0.018). Age was positively correlated with the long axis of measurement of the 
CVC (R2 = 0.426; p = 0.011) and CVC/Ao diameter ratio (R2 = 0.625; p = 0.001).
Conclusions: The left ventral view allows the Ao and CVC cross sections to be easily 
visualized and measured in neonatal foals in right lateral recumbency.
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1  | INTRODUC TION

Hypovolaemia is a common condition encountered in neonatal foals 
and, if unrecognized and untreated, can become severe and life 
threatening (Palmer, 2004).

The assessment of the intravascular volume status can be chal-
lenging and difficult to achieve.

In human medicine, different non-invasive methods have been 
developed to attempt to more accurately assess and quantify 
the degree of hypovolaemia in both adults and children (Duggan 
et  al.,  1996; Gorelick et  al.,  1997; Saavedra et  al.,  1991; Steiner 
& Byerley,  2004; Yilmaz et  al.,  2002; Zengin et  al.,  2013; Zöllei 
et al., 2013). Several studies have demonstrated that the ratios of 
the inferior vena cava and aorta (Ao) diameters using ultrasonog-
raphy may be useful non-invasive parameters to assess hydration 
status and to predict volume responsiveness (Chen et  al., 2007, 
2010; Kosiak et  al.,  2008; Levine et  al.,  2010; Lyon et  al.,  2005; 
Yanagawa et  al.,  2005). In a recent study by Kwon et  al.,  (2016), 
it has been proposed that the diagnostic performance of Ao/in-
ferior vena cava cross-sectional area index for hypovolaemia in 
children might be superior to using ratios of the diameters of these 
structures.

Similar studies in veterinary medicine are scarce. Recently, 
the use of ultrasonographic measurements of the vena caval and 
aortic diameters and their ratios for the body fluid volume as-
sessment in dogs has been investigated (Cambournac et al., 2018; 
Darnis et al., 2018; Kwak et al., 2018). Three different transducer 
placement sites (subxiphoid, hepatic and paralumbar) were used 
to establish reference intervals for the caudal vena cava (CVC) 
and Ao diameters, areas and ratios in healthy dogs (Darnis 
et al., 2018). The ultrasonographic measurements of CVC and Ao, 
obtained using the spleno-renal window described by Lisciandro 
(2011), resulted in reliable and operator-independent results. 
Furthermore, ultrasonographic CVC/Ao ratios proved to be a fea-
sible method to quantify volume depletion in beagle dogs (Kwak 
et al., 2018).

In foals, two studies have described visualization of CVC and Ao 
in the context of the ultrasonographic assessment of the kidneys 
and adrenal glands (Aleman et  al.,  2002; Hoffmann et  al.,  2000). 
Recently, Tuplin et al., (2017) investigated the ultrasonographic iden-
tification of CVC and CVC collapsibility index at the subxiphoid site 
in standing healthy foals.

The aims of the present study were (1) to investigate the intraob-
server and interobserver reliabilities for image quality and mea-
surements of Ao and CVC diameters obtained using three different 
ultrasonographic views in healthy neonatal foals; (2) to calculate the 
CVC/Ao diameter, area and derived ratios and (3) to correlate CVC/
Ao measurements and ratios with foals' age and bodyweight. This 
information is essential before the technique can be used to assess 
the degree of hypovolaemia in foals.

2  | MATERIAL AND METHODS

2.1 | Animals

The study was performed at the ‘blinded for review’. Fourteen healthy 
newborn foals (nine fillies and five colts) born from mares housed for 
attended delivery were included in this study: 12 were Standardbreds, 
and two were Warmbloods. All foals were born at term with APGAR 
score >8 and had a serum IgG concentration of >800 mg/dl at 18–
24 hr of life. Foals were deemed healthy based on physical examina-
tion and complete blood count and biochemistry panel at birth. The 
clinical examination was repeated every 12 hr during the observation 
period. Foals with any sign of illness or hypovolaemia (tachycardia, 
weak pulses, poor filling of the jugular vein, tachypnea, cold extremi-
ties and prolonged capillary-refill time) were excluded from the study.

Foals were housed with their dams, turned out in a paddock and 
free to nurse. All newborn foals hospitalized in the unit are routinely 
submitted to umbilical region ultrasound once within the first week 
of life. For this study, ultrasonographically evaluation of the Ao and 
CVC was performed at the same time of this routinely examination. 
Consent for the ultrasonographic evaluation was obtained from all 
owners. Before the ultrasound evaluation, the age (in hours) and 
bodyweight (in kg), estimated using a weight tape, were recorded. 
During the examination, foals were not sedated and were manually 
restrained on a mattress near the mare, in both right and left lateral 
recumbencies. The hair was not clipped, and alcohol was applied to 
provide conduction of the ultrasound signal.

2.2 | Ultrasonography protocol

Two-dimensional, real-time ultrasound was performed by one single 
investigator with diagnostic imaging expertise, using a portable ma-
chine (MyLab™Alpha, Esaote, Genova, Italy) equipped with a 1- to 
8-MHz convex array transducer set at 6 MHz. Standard ultrasound 
settings were used in all foals with the depth was set to 10 cm, the 
focus positioned at the level of Ao and CVC and only the gain was 
individually adjusted to optimize image quality.

In each patient, three ultrasonographic views were evaluated: 
two from the left side when the foal was in right lateral recumbency 
and one from the right side when the foal was in left lateral recum-
bency. On the left and right side, the probe was placed perpendic-
ular to the skin in a transverse position, between the last rib and 
the tuber coxae, with the probe marker pointing dorsally. Once the 
left or right kidney was identified, the probe was angled ventrally to 
visualize the Ao and CVC, deep to the left kidney (left dorsal view, 
View 1, Figure  1a; right view, View 3, Figure  2a). For the second 
view on the left (left ventral view, View 2; Figure 3a), the probe was 
placed beneath the tuber coxae, and the probe angled dorsally in 
order to identify the left kidney, Ao and CVC.
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The Ao was identified by its anatomical position, circular shape, 
echogenic walls and pulsation observed with each ventricular systole. 
The CVC was identified by its elliptical shape, and it was visualized deep 
to the left kidney and the Ao in both the left dorsal and ventral views 
(Hoffmann et al., 2000). On the right view, the Ao lay deep to the right 
kidney and CVC appeared deep to the right kidney and ventral to the Ao.

The Ao and CVC were imaged simultaneously in cross section 
from each ultrasonographic view (Figures  1b, 2b and 3b). One 
cineloop of at least 10 s was recorded and stored in DICOM format 
for post hoc analysis.

2.3 | Ultrasonographic measurements

Following image acquisition in all foals, evaluation of imaging qual-
ity and measurements were made by two investigators (observers 

A and B) with intermediate and basic levels of experience in ultra-
sound. The investigators performed an independent and blinded 
review of the cineloops.

The image quality of Ao and CVC was scored using a prefixed 
4-point scale, as shown in Table 1.

Then, two still frames from the cineloops that demonstrated the 
highest resolution of both Ao and CVC and with the Ao at its largest 
diameter in ventricular systole were selected for measurement.

The diameter of Ao and measurement of the long and short axis 
of the CVC elliptical area were made from the cross-sectional views 
of the vessels, using the electronic calipers of the ultrasound ma-
chine. Each observer repeated each measurement twice, one for 
each selected frame.

The CVC/Ao diameter index was obtained by dividing the long axis 
diameter of the CVC by the diameter of the Ao​ (Kosiak et al., 2008). 
The Ao cross-sectional area was calculated with the formula of the 

F I G U R E  1   Left dorsal view (View 
1): (a) transducer placement site and (b) 
ultrasonographic measurements of cross-
sectional diameters of the aorta and of 
the long and short axis of the caudal vena 
cava

F I G U R E  2   Right view (View 3): 
(a) transducer placement site and (b) 
ultrasonographic measurements of cross-
sectional diameters of the aorta and of 
the long and short axis of the caudal vena 
cava

F I G U R E  3   Left ventral view (View 
2): (a) transducer placement site and (b) 
ultrasonographic measurements of cross-
sectional diameters of the aorta and of 
the long and short axis of the caudal vena 
cava
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area of a circle, as [π × (½ of the Ao diameter)2] (Kwon et al., 2016). The 
CVC cross-sectional area was calculated with the formula of the area 
of an ellipse, as [π × ½ of the CVC long axis × ½ of the CVC short axis] 
(Darnis et  al.,  2018). The CVC/Ao area index was calculated as the 
ratio between CVC and Ao cross-sectional areas (Kwak et al., 2018).

2.4 | Statistical methods

Data were evaluated for normality using the Shapiro–Wilk test. 
Depending on distribution characteristics, mean ± SD (normally dis-
tributed data) or median and interquartile range (IQR; non-normally 
distributed data) were calculated for all the ultrasound measure-
ments recorded by each observer.

The interobserver reliability for the quality score was performed 
by comparing the score assigned to each of the three ultrasono-
graphic views by the two investigators. A Cohen's kappa coefficient 
(κ) was calculated (Cohen, 1960). The κ values are interpreted as <0 
indicating no agreement, 0.20 slight, 0.21–0.40 fair, 0.41–0.60 mod-
erate, 0.61–0.80 substantial and 0.81–1 almost perfect agreement 
(McHugh, 2012).

Intraobserver reliability for ultrasonographic measurements (Ao 
diameter, CVC long and short axis diameters) were calculated com-
paring the two repeated measurements by each observer for the 
three views, while for the interobserver reliability, the mean of the 
two measurements by each observer were used for comparison.

Intraclass correlation coefficient (ICC) were also calculated. The 
ICC estimates and their 95% confidence intervals were calculated 

Scores

0 Poor visualization

1 Both vessels unclear (i.e., gas within the intestinal tract obscuring all or part of the vessels)

2 Margins of ventral vessel unclear

3 Well-defined visualization of both vessels

TA B L E  1   Four-point scale used to 
score the image quality of the cineloops 
of Ao and CVC in cross sections obtained 
using three ultrasonographic imaging 
planes in healthy neonatal foals

F I G U R E  4   Graphic representation 
and table of the percentage of images 
of Ao and CVC assigned to each quality 
score for the left dorsal, left ventral and 
right ultrasonographic views. The imaging 
quality of cineloops was scored on a 
four-point scale (0 = poor visualization, 
1 = both vessels unclear, 2 = ventral 
vessel unclear and 3 = well-defined 
visualization of both vessels) by observers 
A and B independently

TA B L E  2   Interobserver reliability for imaging quality score and intraobserver and interobserver reliabilities for ultrasonographic  
measurements of Ao and CVC obtained using three ultrasonographic views (left dorsal, left ventral and right) in healthy neonatal foals

n = 14 Left dorsal view Left ventral view Right view

κ values and ICCs (95% CI) Quality score Ao diameter CVC long axis CVC short axis Quality score Ao diameter CVC long axis CVC short axis Quality Score Ao diameter CVC long axis CVC short axis

Intraobserver reliability
(Observer A)

/ 0.78 (0.31–0.92) 0.90 (0.68–0.97) 0.90 (0.71–9.70) / 0.91 (7.55–9.73) 0.87 (0.65–0.96) 0.98 (0.94–0.99) / 0.92 (0.75–0.97) 0.70 (0.27–0.91) 0.88 (0.63–0.96)

Intraobserver reliability 
(Observer B)

/ 0.95 (0.85–0.98) 0.84 (0.51–0.95) 0.90 (0.71–0.97) / 0.91 (0.74–0.97) 0.93 (0.78–0.98) 0.91 (0.72–0.97) / 0.76 (0.23–0.93) 0.93 (0.80–0.98) 0.92 (0.76–0.98)

Interobserver reliability
(A vs. B)

1.09 (−0.36 to 0.58) 0.81 (0.40 to 0.94) 0.59 (−0.34 to 0.87) 0.79 (0.33–0.93) 0.57 (0.21–0.92) 0.91 (0.73–0.97) 0.85 (0.54–0.95) 0.89 (0.67–0.96) 0.27 (−0.93 to 0.64) 0.32 (−1.37 to 0.79) 0.71 (0.09–0.91) 0.90 (0.70–0.97)

Note: κ and ICC values: <0 no agreement, 0.20 slight agreement, 0.21–0.40 fair agreement, 0.41–0.60 moderate agreement, 0.61–0.80 substantial  
agreement and 0.81–1.0 almost perfect agreement. ICC values: <0.5 poor reliability, 0.5–0.75 moderate reliability, 0.75–0.9 good reliability and  
>0.90 excellent reliability.
Abbreviations: Ao, aorta; CVC, caudal vena cava; ICC, intraclass correlation coefficient.
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based on a mean rating (k = 2), absolute agreement, two-way mixed-
effects model. ICC values were considered to show excellent reli-
ability if they were >0.90, good reliability if between 0.75 and 0.90, 
moderate for values between 0.50 and 0.75 and poor reliability for 
values < 0.50 (Koo & Li, 2016).

On the view with best results of reliability were conducted fur-
ther analysis. Intraobserver and interobserver variabilities in ultra-
sound measurements of Ao diameter and short and long axis of CVC 
measurements were calculated as the absolute difference between 
the two measurements divided by the mean value of observers' 
measurements and expressed as a percentage.

Simple linear regression models were used to identify correla-
tions between the ultrasound measurements or the indices and the 
age (in hours) or the estimated bodyweight (kg) of the foal. For each 
regression, a coefficient of determination (R2), regression coefficient 
(β) and p value were estimated. Significance level was set at p < 0.05. 
Statistical analysis was performed using SPSS version 25.0 (SPSS 
Inc., Chicago, IL, USA).

3  | RESULTS

Foals included in this study were aged 12 to 164  hr (mean 
59.9 ± 52.1 hr). Bodyweight ranged between 41 and 71 kg (median 
52 kg; IQR 46 and 56.5 kg).

Cineloops of diagnostic quality were acquired from the three dif-
ferent ultrasound views in all 14 patients. The time needed to find 
the optimal window to visualize simultaneously Ao and CVC in their 
cross section was not recorded. Image evaluation and measurements 
were deemed easy by both investigators.

The percentage of the image quality scores assigned by each ob-
server for the right, left dorsal and left ventral views are displayed in 
Figure 4. The quality score was deemed satisfactory for all views. The 
highest scores were reported for the left ventral view (highest percent-
age score of 3; Figure 4), and this view was never assigned a score of 0 
(0%), unlike the other two views. The limitation of the right view was 
the gas content into the intestine impacting on vessel visualization.

The interobserver reliability of the quality score as Cohen's 
κ values are reported in Table  2. No (κ  =  0.109), fair (κ  =  0.274) 
and moderate agreement (κ  =  0.569) were observed for the left 
dorsal, right and left ventral views, respectively. Table  2 further 
shows the ICCs for intraobserver and interobserver reliability cal-
culated for all the ultrasound measurements. Based on the previ-
ously published cut-offs (Koo & Li, 2016), the ICC for interobserver 
reliability of the Ao diameter was poor (0.32) in the right view, 
whereas the interobserver ICC of CVC short axis was excellent in 
this view (0.90). The ICC for intraobserver reliability for the right 
view was deemed to be ‘moderate’ to ‘excellent’ (0.70 to 0.93). In 
the left dorsal view, the intraobserver reliability for all measure-
ments were good to excellent for both observers, ranging from 
0.78 to 0.95; the interobserver ICC was moderate for the long axis 
of CVC (0.59). As shown in Table  2, both the intraobserver and 
interobserver ICCs in the left ventral view were good to excellent 
(ICCs > 0.85).

Based on the previous results, the left ventral view was 
deemed the best performing view and was used for further analy-
sis. Intraobserver variability of Ao diameter and short and long axis 
of CVC in the left ventral view were between 7.4% and 10.8% for 
observer A and 5.9% and 13% for observer B (Table 2). The high-
est intraobserver variability was found in the CVC long axis for ob-
server A (10.8%) and in the CVC short axis for the observer B (13%). 
Interobserver variability was lowest for the Ao diameter (6.6%), 
13.6% for CVC short axis and the highest for the CVC long axis 
(14.5%; Table 2).

All ultrasound measurements (Ao diameter, long and short axis 
of CVC) and the calculated values (CVC/Ao diameter index, Ao area, 
CVC area, CVC/Ao area index) from the left ventral view are re-
ported as mean (±SD) or median (IQR) in Table 3.

A positive linear correlation between estimated bodyweight and 
the short axis of CVC (R2 = 0.385; β = 0.620; p = 0.018) was found 
(Figure  5). Age was also positively correlated with CVC long axis 
(R2 = 0.426; β = 0.653; p = 0.011; Figure 6a) and CVC/Ao diameter 
index (R2 = 0.625; β = 0.808; p = 0.001; Figure 6b). No other correla-
tions were identified.

TA B L E  2   Interobserver reliability for imaging quality score and intraobserver and interobserver reliabilities for ultrasonographic  
measurements of Ao and CVC obtained using three ultrasonographic views (left dorsal, left ventral and right) in healthy neonatal foals

n = 14 Left dorsal view Left ventral view Right view

κ values and ICCs (95% CI) Quality score Ao diameter CVC long axis CVC short axis Quality score Ao diameter CVC long axis CVC short axis Quality Score Ao diameter CVC long axis CVC short axis

Intraobserver reliability
(Observer A)

/ 0.78 (0.31–0.92) 0.90 (0.68–0.97) 0.90 (0.71–9.70) / 0.91 (7.55–9.73) 0.87 (0.65–0.96) 0.98 (0.94–0.99) / 0.92 (0.75–0.97) 0.70 (0.27–0.91) 0.88 (0.63–0.96)

Intraobserver reliability 
(Observer B)

/ 0.95 (0.85–0.98) 0.84 (0.51–0.95) 0.90 (0.71–0.97) / 0.91 (0.74–0.97) 0.93 (0.78–0.98) 0.91 (0.72–0.97) / 0.76 (0.23–0.93) 0.93 (0.80–0.98) 0.92 (0.76–0.98)

Interobserver reliability
(A vs. B)

1.09 (−0.36 to 0.58) 0.81 (0.40 to 0.94) 0.59 (−0.34 to 0.87) 0.79 (0.33–0.93) 0.57 (0.21–0.92) 0.91 (0.73–0.97) 0.85 (0.54–0.95) 0.89 (0.67–0.96) 0.27 (−0.93 to 0.64) 0.32 (−1.37 to 0.79) 0.71 (0.09–0.91) 0.90 (0.70–0.97)

Note: κ and ICC values: <0 no agreement, 0.20 slight agreement, 0.21–0.40 fair agreement, 0.41–0.60 moderate agreement, 0.61–0.80 substantial  
agreement and 0.81–1.0 almost perfect agreement. ICC values: <0.5 poor reliability, 0.5–0.75 moderate reliability, 0.75–0.9 good reliability and  
>0.90 excellent reliability.
Abbreviations: Ao, aorta; CVC, caudal vena cava; ICC, intraclass correlation coefficient.
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4  | DISCUSSION

In this study, a probe placement site that allowed for rapid imaging 
and measurement of the cross-sectional diameter of both the Ao and 
the CVC in newborn foals was identified in a left ventral view of 
the abdomen. This proved to be a non-invasive procedure that was 
well tolerated in healthy foals and might be a promising method to 
quantitatively assess the degree of hypovolaemia either in a hospital 
setting or in the field. This was the first step to determine if such an 
ultrasound technique was viable in foals.

In this study, the position of the patient was dictated by the 
fact that most of the sick foals are examined in lateral recumbency. 
Moreover, in our experience, foals in lateral recumbency are more 
relaxed during ultrasound examination. In human medicine, it has 
been shown that the position of the patient influences CVC diame-
ter, which is smallest in left lateral recumbency, largest in right lateral 
recumbency, with dorsal recumbency providing intermediate values 
(Ciozda et al., 2015). These findings in humans may not be relevant 
to veterinary species due to differences in thoracic shape. In order 
to ultrasonographically visualize CVC in dogs, the patients were 
positioned in left (Darnis et al., 2018; Kwak et al., 2018; Meneghini 
et al., 2016) and right (Cambournac et al., 2018) lateral recumbency 
also and found both sites reliable in measuring CVC diameter. Only 
the standing position was chosen to measure the CVC diameter and 
collapsibility index in foals in one study (Tuplin et al., 2017). In our 
study, the influence of foal position on the measurements or indices 
of Ao and CVC were not evaluated, and thus, this aspect needs fur-
ther investigation.

As previously described, both right and left kidneys, Ao and CVC 
could be imaged by placing the probe in the ipsilateral paralum-
bar fossa or 17th intercostal space in neonatal foals (Hoffmann 
et al., 2000). In this study, the transducer was placed in the paralum-
bar fossa between the last rib and the tuber coxae, as described in 
dogs (Cambournac et al., 2018; Darnis et al., 2018). Specifically, the 
left ventral view was similar to the right paralumbar view used by 
Darnis et al., (2018) to obtain ultrasonographic reference values of 
the CVC in healthy adult dogs. The left dorsal view was analogous to 

TA B L E  3   Ultrasonographic measurements and calculated variables obtained on images from the left ventral view (View 2) by two 
observers in healthy neonatal foals

Mean ± SD/
median (IQR)

Ao diameter 
(mm)

CVC long 
axis (mm)

CVC short 
axis (mm)

CVC/Ao diameter 
index

Ao area 
(mm2) CVC area (mm2)

CVC/Ao 
area index

Observer A 16.0 ± 2.1 16.5 ± 2.5 14.1 ± 4 10.5 ± 1.9 20.7 ± 5.4 16.4 (13.8–19.8) 9.1 ± 2.8

Observer B 16.4 ± 1.6 17.1 ± 3.7 14.9 ± 3.0 10.6 ± 2.5 21.2 ± 4.2 18.8 (16.1–21.4) 9.7 ± 3.6

A–B mean 16.2 ± 1.8 16.8 ± 2.9 14.5 ± 3.4 10.5 ± 2.1 21 ± 4.6 18.0 (14.5–21) 9.4 ± 3

Note: Measured variables: Ao diameter, CVC long axis diameter and CVC short axis diameter. Calculated variables: CVC/Ao diameter index: CVC long 
axis/Ao diameter; Ao area: 3.14 × (½ of the Ao diameter)2; CVC area: 3.14 × ½ CVC long axis × ½ CVC short axis; CVC/Ao area index: CVC area/ Ao 
area. N = 14 foals.

F I G U R E  5   Linear correlation between foals' body weight (kg) 
and the short axis diameter of CVC (mm) (R2 = 0.385; β = 0.620; 
p = 0.018)

F I G U R E  6   (a) Linear correlation between foals' age (h) and CVC long axis diameter (mm) (R2 = 0.426; β = 0.653; p = 0.011) and (b) the 
CVC/Ao diameter index (R2 = 0.625; β = 0.808; p = 0.001)
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the scanning window employed by Cambournac et al., (2018) in the 
ultrasonographic assessment of volume status using CVC, Ao and 
CVC/Ao ratios in healthy dogs before and after blood donation. In 
this study, although the Ao and the CVC could be easily and simul-
taneously imaged from the three different imaging windows, they 
were best visualized from the left side when the foal was in right lat-
eral recumbency. In this position, the Ao and CVC appear medial to 
the ventral aspect of the left kidney, confirming the results obtained 
by Hoffmann et al.,  (2000). On the right side, the presence of gas 
within the cecum can produce a strongly echogenic region interfer-
ing with visualization of the vessels. On the left side, the ventral view 
provides a clearer image of both vessels, as the spleen acts as acous-
tic window (Boussuges et al., 2009) and the thickness of abdomen 
wall is thinner. Moreover, in both dorsal views, gas in the intestinal 
lumen is directed towards the probe causing reverberation artefacts.

Similar to human studies, the transverse plane was used to image 
the vessels (Chen et  al., 2007, 2010; Kathuria et  al.,  2015; Kwon 
et al., 2016). Kwak et al.,  (2018) also recommended that the trans-
verse plane should be used to measure CVC diameters in dogs. The 
cylindrical shape of the vessel and mediolateral movements during 
breathing relative to the transducer could prevent measuring the 
maximal diameter of the CVC consistently in the longitudinal plane.

According to our results, the left ventral scanning window was 
overall the easiest and the most reliable view for simultaneous visu-
alization and measurement of Ao and CVC in cross section.

The overall interobserver agreement rates suggested that in 
clinical practice, different observers could reliably perform the 
measurements on the same animal at different time points. A de-
gree of intraobserver and interobserver variabilities may be partly 
attributed to differences between the frames selected. These can 
reflect true differences in the cross-sectional diameters due to mul-
tiple factors, that is, changes in patient or probe position, change in 
pressure, different image quality, that is, movement of intraluminal 
gas or error in the measurement. Moreover, the difficulty in obtain-
ing precise measurements using calipers could be another possible 
reason of the variability between measurements (Long et al., 2012).

The largest variation for both intraobserver and interobserver 
measurements were found for CVC in both long and short axis, 
while the measurements of the Ao diameter showed the lowest vari-
ability. This may be a result that veins, unlike arteries, can be eas-
ily compressed by the pressure applied by the probe, which would 
falsely decrease the size of the CVC. However, in dorsal views, the 
kidney on the left is just behind or under the last rib, next to the spi-
nal cord, and these structures may limit transducer pressure applied 
to the vessels (Cambournac et al., 2018). It is also known that CVC 
diameter is larger during expiration than inspiration in foals (Tuplin 
et al., 2017), and this could be another cause for the variability of 
these measurements. The American Society of Echocardiography 
does not specify an optimal phase of the respiratory cycle to mea-
sure the maximal CVC diameter (Ciozda et al., 2015). In this study, a 
transabdominal window was used, which should have negated much 
of this variation, as the CVC diameter does not tend to change with 
the respiratory cycle in this location as much (Darnis et al., 2019). 

Indeed, it was proven in dogs that respiratory movements influenced 
CVC values minimally at the paralumbar sites when compared with 
the hepatic view (Darnis et al., 2018).

It has been hypothesized that only measuring the maximum long 
axis diameter of CVC might not reflect the fluid status of the patient, 
and that the CVC area might be more sensitive (Kwon et al., 2016). 
In addition, the use of indices, that is, CVC/Ao diameters or cross-
sectional areas ratios, would represent an easy method to normalize 
the values and to decrease the high variability present in solely mea-
suring the diameter of the CVC (Chen et al., 2007; Kwak et al., 2018). 
The results obtained in the present study cannot be compared with 
the literature, because no previous studies had been carried out 
on ultrasound measurement and indices of Ao and CVC in foals. 
Therefore, the ranges obtained in our study can be used as bench-
marks for future studies.

In the present study, weight and age were positively correlated 
with CVC measurements in short axis and long axis, respectively. The 
best correlation was achieved with age and CVC/Ao diameter index 
(62.5% of the variation in CVC/Ao diameter can be attributed to age). 
The CVC diameter of normovolaemic children was also found to be 
positively correlated with age (Kathuria et al., 2015). Furthermore, 
the aortic diameter of children has been correlated with age, body 
surface area, height and weight (Poutanen et  al.,  2003). Darnis 
et  al.,  (2018) support the use of allometric scaling to predict CVC 
and Ao measurements according to the dog's weight. No studies 
currently describe changes of Ao or CVC diameter in foals regarding 
age or weight. Based on this study, age and bodyweight need to be 
considered when being used clinically, although this would be of less 
importance clinically when an animal would be being compared with 
itself over time. Further studies with a larger sample size and greater 
representation of breeds is required to confirm this relationship and 
to determine ranges in different age or weight groups.

In a clinical setting, there are time, financial and ethical limita-
tions in performing repeated ultrasound examinations on the same 
patient if it is not part of a diagnostic evaluation. Moreover, it is well 
known that ultrasound is an operator-dependent technique. In fu-
ture studies, a less-experienced ultrasonographer could be enrolled 
to investigate the influence of the technical skills on the application 
of the technique. However, in both human and veterinary medicine, 
ultrasonographic measurement of the CVC and Ao were reliable and 
considered a simple technique after a brief training session (Darnis 
et al., 2019; Gustafsson et al., 2015).

Despite several limitations, these results demonstrated that the 
left ventral view offers the highest reliability for the measurement 
of the Ao diameter and CVC measurements in short and long axis. 
Further work is warranted to investigate if the same ultrasound 
view can be applied to older foals. The larger size and the pres-
ence of a more developed large intestine in older subjects (Aleman 
et al., 2002) may reduce success in visualizing the entire Ao and CVC.

In the present study, only healthy foals were enrolled. The clin-
ical applicability and performance of either the diameter or area in-
dices in detecting reductions in intravascular volume and changes 
following fluid resuscitation need to be evaluated in sick foals. These 
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critically ill patients may have more intraluminal gas or other dis-
eases of the abdomen that could impact on the imaging quality and 
measurements of the Ao and the CVC.

5  | CONCLUSION

In conclusion, in the authors' opinion, the calculation of the CVC/Ao 
ratios obtained by means of the left ventral ultrasonographic win-
dow warrants further investigations as potential tool to assess and 
monitor intravascular volume status in newborn foals.
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