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Abstract: Ultrasonographic measurement of the fetal vitreous body length to predict parturition date in horses
has shown substantial differences between breeds. PRE (Pura Raza Espaiiola or Purebred Spanish Horse) is an
important breed in the equine industry of Costa Rica. No data for prediction of parturition exists for PRE using
fetal ocular measurements. Between-observer agreement has never been evaluated for fetal ocular measurements
on horses. A total of 86 ocular diameters were measured by a veterinarian in twelve PRE mares from day 240 of
gestation until parturition. Forty measurements were repeated by a senior veterinary student to determine between-
observer agreement. Transrectal ultrasonography was performed in each occasion, and a mean was calculated of
the three measurements obtained. Two nonlinear regression equations were derived using days before parturition
and age of gestation as dependent variables and vitreous body length as the independent variable. The model
obtained for days before parturition was y = 1123.8 -55.5*x+0.689*x?, where “y” represents days before parturition
and “x” represents fetal ocular diameter (r>= 0.79; P<0.001); and y = -710.6+51.8%x -0.644*x?, where “y” represents
age of gestation and “x” represents ocular diameter (r*= 0.75; P<0.001). Pearson correlation coefficient and paired
t-test were performed to assess the between-observer agreement. No significant differences (p=0.86) were detected
between-observers, indicating high reproducibility. This study concluded that ocular diameter measurement can
be reproduced with high precision by different veterinarians, and either model using days before parturition or age
of gestation can be used to predict parturition in PRE mares when breeding dates are unknown.

Keywords: Pura Raza Espaiiola, Mares, Ocular, Diameter, Parturition, Ultrasonography

Resumen: La medicién ultrasonografica del largo del cuerpo vitreo fetal como forma de prediccion de la
fecha del parto ha mostrado diferencias substanciales entre especies. Los pura raza espaiola (PRE) son una
raza de importancia econémica en la industria ecuestre de Costa Rica. No existen datos para la prediccion del
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parto utilizando esta medicion para la raza PRE. El acuerdo entre observadores no ha sido evaluado para las
mediciones oculares en fetos equinos. Un total de 86 didmetros oculares fueron medidos por un veterinario
en 12 yeguas PRE desde el dia 240 de gestacion hasta el parto. Cuarenta mediciones fueron repetidas por un
estudiante de veterinaria de ultimo afio para determinar el acuerdo entre observadores. En cada ocasion, se
realiz6 ultrasonografia transrectal, en las cuales se obtuvieron tres mediciones con las cuales se calcul6 un
promedio. Dos regresiones no lineares fueron derivadas utilizando dias para el parto y edad gestacional como
variables dependientes y largo del cuerpo vitreo como variable independiente. El modelo obtenido para dias
para el parto fue y = 1123.8 -55.5*x+0.689*x*, donde “y” representa los dias para el parto y “x” representa la
medida del diametro ocular (r’= 0.79; P<0.001); y y = -710.6+51.8%*x -0.644*x?, donde “y” representa la edad
gestacional y “x” representa el didametro ocular (r’= 0.75; P<0.001). Se realizaron las pruebas de coeficiente
de correlaciéon de Pearson y T test pareada para evaluar el acuerdo entre observadores. No se detectaron
diferencias significativas (p=0.86) entre los observadores, indicando una alta reproducibilidad de la medida.
Este estudio concluy6 que la medicion del didmetro ocular puede ser reproducida con alta precisién por
diferentes veterinarios, y ambos modelos utilizando dias para el parto o edad gestacional pueden ser utilizados
para predecir el parto en yeguas PRE cuando la fecha del servicio es desconocida.

Palabras clave: Pura raza espariola, yeguas, ocular, didmetro, parto, ultrasonografia

Resumo: A medida ultrassonografica do comprimento do corpo vitreo fetal como forma de prever a data do
parto tem mostrado diferencas substanciais entre as espécies. A Pura Raga Espanhola (PRE) é uma raga de
importancia economica na industria equestre da Costa Rica. Ndo ha dados para a previsdo do parto usando
esta medida para a raga PRE. A concordancia entre observadores nio foi avaliada para medidas oculares em
fetos equinos. Um total de 86 didmetros oculares foram medidos por um veterindrio em 12 éguas PRE desde o
dia 240 da gestagdo até o parto. Quarenta medigdes foram repetidas por um estudante de ultimo ano do curso
de medicina veterindria, para determinar a concordéncia entre os observadores. Em cada ocasido, foi realizada
ultrassonografia transretal, na qual foram obtidas trés medidas com as quais foi calculada uma média. Duas
regressoes ndo lineares foram obtidas utilizando-se os dias para o parto e a idade gestacional como varidveis
dependentes e o comprimento do corpo vitreo como variavel independente. O modelo obtido para os dias para
o parto foi y = 1123,8 -55,5 * x + 0,689 * x%, onde “y” representa os dias para o parto e “x” representa a medida do
didmetro ocular (r* = 0,79; P <0,001) ; e y = -710,6 + 51,8 * x -0,644 * x* onde “y” representa a idade gestacional
e “x” representa o didmetro ocular (r* = 0,75; P <0,001). O coeficiente de correlagdo de Pearson e o teste “t”
pareado foram realizados para avaliar a concordincia entre os observadores. Nao foram detectadas diferencas
significativas (p = 0,86) entre os observadores, indicando alta reprodutibilidade da medida. Este estudo concluiu
que a medigdo do didmetro ocular pode ser reproduzida com alta precisdo por diferentes médicos veterinarios,
e ambos os modelos que utilizam dias para o parto ou idade gestacional podem ser usados para prever o parto

em éguas PRE, quando a data da inseminag¢do ou monta natural é desconhecida.

Palavras-chave: Pura raga espanhola, éguas, ocular, didmetro, parto, ultrassonografia.

Introduction

The use of ultrasonographic ocular measures to determine age of gestation in mares of different breeds
has been assessed by different authors, with the purpose of obtaining an approximate date of parturition
as precise as possible to implement management measures and improve foal survival rate. Different
fetal eye measurements such as the sum of width and length (Renaudin et al. 2000; Bucca et al. 2005;
Turner et al. 2006; Hendriks et al. 2009), approximate eye volume (Renaudin et al. 2000; Hendriks et al.
2009), and vitreous body length (Kahn & Leidl 1987; Turner et al. 2006; Hartwig et al. 2012) have been
studied, the latter being the best single predictor for age of gestation (Turner et al. 2006).
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Differences in growth patterns were described in various studies, evidencing either a linear growth
pattern in Crioulo horses (Hartwig et al. 2012), light horses (Kahn & Leidl 1987), and standardbreds,
(Lanci et al. 2018) or a curvilinear pattern in Dutch Warmbloods (Hendriks et al. 2009), light horses,
ponies (Turner et al. 2006), and Thoroughbreds (Murase et al. 2014). Although different growth
patterns may be due to the methodology implemented in each study, an evident variation in size and
development pattern of the fetal ocular orbit has been pointed out, even in breeds of similar size (Kahn
& Leidl 1987; Renaudin et al. 2000; Turner et al. 2006; Hendriks et al. 2009, Hartwig et al. 2012). Since
there is no data for every breed, extrapolation from horses of similar sizes has been a common practice
in field veterinarians, leading to not very accurate predictions of parturition.

Pura Raza Espafiola (PRE), an important breed in Costa Rica, corresponds to a significant proportion of
the equine industry in the country, with 3000 animals registered as of 2017 and an exponential growth
in the last few years. Although most of the breeding farms have competent reproductive management
and records, there are still situations where the age of gestation in a mare is unknown, creating an
unnecessary risk at parturition, both for foal and mare.

Reproducibility is a measure of reliability, which has the purpose of assessing the between-observer
agreement (Watson & Petrie 2010). Even though the vitreous body length measure is used constantly
by field veterinarians, to our knowledge, the reproducibility of the measure has not been assessed.

The objective of this study was to develop reference ranges for prediction of parturition in PRE mares
using vitreous body length measured by transrectal ultrasonography of the fetus from 270 days of
gestation until parturition, and to assess the between-observer agreement of this method.

Materials and Methods

Twelve PRE mares between five and 14 years old, with gestations of 240 to 339 days, were used for the study.
Mares weighed between 450 kg and 600 kg, had body scores greater than five (Henneke ef al. 1983), and were
kept in three breeding farms in the provinces of Heredia and San José, Costa Rica. These three breeding farms
had similar nutrition and reproductive management, and every mare had had an annual breeding soundness
examination before entering the reproduction program. Mares were kept in paddocks and had pasture and
water ad libitum in addition to grain. Ultrasound examinations were performed daily when signs of estrus
were evident, and ovulation was defined as the absence of a dominant follicle that was present on the previous
examination. The day of ovulation was defined as day zero, and ultrasonography was performed at days 14 and
35 to check for pregnancy. Mares were mated either by artificial insemination or natural breeding.

A total of 86 fetal ocular diameters were measured in the 12 mares, from day 240 of pregnancy to parturition
(mean gestational length 340 days; SD= 8.86; range= 323 to 360), with a period between measurements of two
to four weeks depending on availability of the mares. Three measures of ocular diameter were made by the
same operator and an average was calculated. A transrectal ultrasonography examination was conducted in
every mare using stocks as means of restraint. Ultrasounds were performed using a portable ultrasound unit
equipped with 7.5 mHz linear array transducer (Mindray M5, Shenzhen Mindray Bio-Medical Electronics
Co., Ltd.). To localize the fetal orbit, the transducer was moved from left to right over the uterus, starting
at the level of the cervix until the orbit was found. Then the transducer was moved over the orbit to get
an image where the longest axis was measured, using the inner margins of the vitreous body and lens as
landmarks (Figure 1). Three images were saved every time, and measures were taken of all three.
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Figure 1. Ultrasonographic image of the fetal eye. The cursor (a)
is placed at the inner margins of the vitreous body. Note that the
lens (arrow) is included in the image to guarantee that the maxi-
mal vitreous body length is measured.

For the analysis of the between-observer agreement, 40 measures of the fetal ocular diameter were made
by an experienced veterinarian and repeated by a senior veterinary student. Measures were blinded so
each observer did not have access to the other measurements, and both operators measured each ocular
diameter three times.

Every parturition date was recorded, and normal healthy foals were obtained from all 12 pregnancies,
including seven colts (mean gestation length at day 335) and five fillies (mean gestation length at day 343).

Statistical Analysis

Descriptive statistics (mean, standard deviation, and 95% confidence intervals) were obtained for
quantitative data. Pearson correlation coeflicients were calculated for the three measurements of ocular
diameter, both between and within observers. The difference in average measurements taken by the two
observers in the same mares was also analyzed using a paired sample ¢-test. Once the parturition dates
were known, days before parturition at the time of measurements were calculated for each mare. Two
different nonlinear regression models were derived using days before parturition and age of gestation
as dependent variables and vitreous body length as the independent variable. Days to parturition were
calculated from data obtained from the model using age of gestation as the dependent variable (considering
340 days as average gestation) and a comparison was made with the model using days before parturition
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as the dependent variable. Statistical assumptions for the regression model (normality, homoscedasticity,
and independence of errors) were graphically assessed. All statistical analyses were made using SAS 9.6
software (SAS Institute Inc., Cary, NC).

Results and Discussion

Between-Observer Agreement

Ofthe 86 ocular diameters measured, 90% successfully obtained agreed with the data from other studies
(Turner et al. 2006). Only in two occasions (5%) was the inexperienced veterinary student unable to
measure the ocular diameter, while the veterinarian could; and in two examinations (5%) neither one
was able to measure the ocular diameter, probably because of a low position of the head of the fetus.
Minimum variation between measures of the same operator was 0.1 mm while maximum variation
was 3.1 mm (mean 0.7 mm). Maximum variations between measures of the same ocular diameter were
observed in situations where the inner margins of the vitreous body were not completely defined, so the
operator had to guess the borders in order to make a measurement. Although this was not a common
problem, it resulted in the highest variation. Turner et al. 2006 demonstrated that the predictive value
of three versus two measurements was slightly increased and probably reduces the error when problems
detecting scleral limits are encountered. In every examination where an ocular diameter was detected,
all the three measurements were made with no complications. Pearson correlation coefficient was
highly significant (0.96; p<0.0001) for the three measurements within each observer.
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Figure 2. Paired profile graphic shows that there was agreement between mean ob-
servation by both observers. The nearly horizontal lines indicate that there was no
significant difference between observer measurements.
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For reproducibility assessment, minimum and maximum variations between observers were 0.4 mm
and 2.5 mm, respectively (mean 1 mm). Pearson coefficient was significant (0.95; p<0.0001) for ocular
diameter measures from both operators. To account for agreement between both observers, t-test was
performed and no significant difference was detected (p=0.86; Mean= 0.0128) (Figure 2).

To our knowledge, between-observer agreement has not been evaluated before for measurements of
vitreous body length. Due to the small difference between observers detected in our study, where a
student was used to compare measurements with an experienced veterinarian, we can conclude that
this measure can be most likely repeated by field veterinarians, with enough precision for results to be
useful. Other factors, such as difference in ultrasound machine, were not included in our study and
could be a source or variation, but further research is needed to account for that.

Regression Model

Two different approaches have been used for the prediction of parturition in horses using ocular
measurements. Turner et al. 2006 used days before parturition to predict parturition date in pony
mares, while several other authors have used age of gestation (Kahn & Leidl 1987; Hendriks et al.
2009; Hartwig et al. 2012). The days before parturition approach takes into consideration the natural
variation in gestation length, while age of gestation is the common predictor of foaling when ovulation
date is known; therefore, clinicians are more familiar with the last parameter.

Figure 3 represents a nonlinear (quadratic) regression model to determine the age of gestation of PRE
mares using days before parturition as dependent variable. The predictive equation derived was y=1123.8
-55.5%x+0.6898*x*, where “y” represents days before parturition and “x” represents vitreous body length in
millimeters. Overall adjustment of this model was highly significant (P<0.001, r>= 0.79 RMSE= 15.3 days).

Figure 4 represents the nonlinear (quadratic) regression model using age of gestation as dependent
variable. The predictive equation derived was y= -710.6+51.8*x-0.644*x?, where “y” represents age of
gestation and “x” represents vitreous body length in millimeters. The significance of this model was
high (P<0.001, r’= 0.76 RMSE= 15.7 days). Graphical assessment indicated no significant deviation

from statistical assumptions in both models.

Hendriks et al. 2009 described that the fetal ocular diameter increased linearly until approximately day 240
of gestation in 32 Dutch warmbloods. Thereafter, growth slowed down, and a plateau was reached around
day 300. Turner et al. 2006 also described a linear growth pattern in ponies until day 280, where a curvilinear
pattern was presented. This is in contrast with Hartwig et al. 2012, who described a linear growth pattern in
crioulo mares until parturition. Kahn & Leidl 1987 also described a linear growth pattern, but the number
of measures contributing to their model after day 240 of gestation was small (six out of 96).

In our models, a curvilinear growth pattern is observed from day 240 to parturition, which coincides
with the data from other equine breeds, but a plateau was not evident in the last month of gestation,
when there was a continuous growth until parturition. This result could be explained by a variation
in the growth pattern in PRE horses; however, other factors not taken into account in our study such
as parity, mare size, and different lineages may be influencing the results. No measurements were
conducted in our study before day 220. Earlier measurements may have demonstrated a linear growth
pattern as described by other authors (Kahn & Leidl 1987; Turner et al. 2006; Hendriks et al. 2009).
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Figure 3. Graphic representation of regression curve using days before parturition as
a dependent variable. Vitreous body length is represented on the “x” axis and days before
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Table 1 lists prediction intervals for PRE mares. Although there is a significant correlation between days
before parturition, age of gestation, and vitreous body length, a relatively wide prediction interval resulted
from our model. For this reason, ocular measurements should be used as an approximation, and other
indicators of parturition proximity should be used in conjunction for a more accurate prediction.

Table 1. Prediction mean with 95% prediction interval (PI) for days before parturition (DBP) and age of gestation
(AG) models in PRE horses.

Vitreous Days before parturition model Age of gestation model
body length - -
(mm) Predicted day.s' Standard error DBP 95% PI Predlctefl age | Standard AG 95% PI
before parturition of gestation | error
(mean) (mean)
27 126 3.65 96-157 219 3.76 187-251
28 109 2.56 78-139 235 2.64 204-267
29 93 1.76 62-123 251 1.81 219-282
30 78 1.3 48-108 264 1.34 233-296
31 64 1.2 34-94 277 1.23 246-308
32 52 1.28 22-82 288 1.31 257-319
33 42 1.36 11-72 298 1.4 267-329
34 32 1.39 2-62 307 1.43 276-338
35 24 1.41 0-54 314 1.45 283-345
36 18 1.52 0-48 320 1.57 289-351
37 12 1.89 0-43 325 1.94 294-356
38 9 2.57 0-39 329 2.64 297-360
39 6 3.54 0-37 331 3.64 299-363

Table 2 shows the difference in days for prediction of parturition using both models. Due to the small
difference, any of the two models is suitable for calculating foaling date, although some factors should be
considered. Pregnancy length has been reported to vary from 320 to 362 days (Rollins, 1951), which may lead
to an increase in days to parturition up to 20 or more days if age of gestation is considered. Although the days
before parturition model takes into account the gestation variation, no considerable difference was obtained
when comparing both models, probably because our own gestation length mean was 340 days.

The comparison with other models has demonstrated that significant differences in the growing
pattern exist between different horse breeds of similar size, probably because of the eye to skull width
ratio that may vary as a characteristic of breed (Turner et al. 2006; Hartwig et al. 2012) accounting for
the importance of breed specific data. Other factors have been studied for a relationship with the eye
growth pattern, like number of foaling (primiparous vs multiparous) (Turner et al. 2006; Hendriks et
al. 2009), maternal age (Allen et al. 2002; Hendriks et al. 2009), foal gender, body condition, and size
of mares (Turner et al. 2006). None of these variables were included in our study due to sample size
restrictions; therefore, variations in the growth curve could exist associated with these factors.
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Table 2. Parturition prediction days using both models (DBP and AG),
considering 340 days as a mean gestation length. Difference in days
was calculated between the two models (Mean difference 2.23 days; Min
difference 0 days; Max difference 5 days).

Days before parturition model | Age of gestation model | Difference
126 121 5
109 105 4
93 89 4
78 76 2
64 63 1
52 52 0
42 42 0
32 33 1
24 26 2
18 20 2
12 15 3
11 2
9 3

Conclusion

In conclusion, the fetal ocular diameter is a simple, repeatable, and reproducible measure that can aid in
the determination of a parturition date in PRE mares. Difference in models using days before parturition
or age of gestation were not considerable in this study; consequently, either approach could be used by
field veterinarians. Breed specific work is still needed to determine growth curves in other breeds.
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