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Abstract

Background: The impact of very early castration of foals has not yet been studied despite
the many positive effects observed in dogs and cats.

Objectives: To compare castration at 3 days and 18 months and assess their subsequent
morphological and behavioural development.

Study design: Randomised, blinded clinical study.

Methods: Twenty-two Welsh ponies underwent either early (3 days old, EC group, n=11) or

traditional (18 months old, TC group, n=11) castration. Animals were followed up to three
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years of age. All ponies were castrated using a primary closure technique under general
anaesthesia. Weight and morphometric measurements were monitored monthly from birth
until 8 months of age in both groups. Then, measurements were taken every 3 months until
2 years of age and then every 6 months until 3 years of age. Temperament tests were
performed on all animals when they were 1 and 3 years old.

Results: No differences were observed between the EC and TC groups in terms of physical
development from birth until 40 months of age, or in terms of temperament and behaviour
at either 1 or 3 years of age.

Main limitations: The study included only one breed (Welsh ponies) and only 22 animals
that were castrated before 2 years of age, precluding comparison with castration performed
at older ages.

Conclusions: We demonstrate that early castration at three days does not interfere with

morphological or behavioural development.

Introduction
The castration of horses has been performed since antiquity aiming to obtain calmer animals
that are more attentive during sporting, agricultural or leisure activities and therefore less

dangerous. It also facilitates the constitution of herds without the risk of undesirable mating.

Castration is one of the most common surgeries in equine veterinary practice. Despite this,
complications are not uncommon, with potential for fatal outcomes and/or complaints
against practitioners.!:2 Castration may be delayed until the age of 2 to 3 years to obtain
stallion-like morphological characteristics but is generally recommended before the age of 2
years.2 The anticipated use of the horse can influence decision-making, especiallyin racing

where successful colts can go on to a breeding career. According to Line et al.,® male horses



not intended for use in breeding are castrated before puberty to prevent the development of
their libido and the more aggressive behaviour of a stallion. However, in their study, they
concluded that there was no behavioural difference between animals castrated before 2 years

and at 3 years of age.3

The prepubertal gonadectomy of dogs and cats beganin the mid-1980s, and numerous articles
have shown the many benefits and few side effects of these early-age interventions.*> In
equine primary care practice, anecdotal reports suggest some veterinarians are castrating
male foals starting at the age of 6 months however, there are no studies on early castrationin
horses and the equine sector has no evidence-based recommendations. There are open
questions regarding the effects on dam-foal relations (with possible foal rejection after the
intervention) and the subsequent behaviour and physiology of the foal. Early surgery,
although a convenient intervention, can also be rejected by veterinarians and owners due to
fear of perioperative complications. The objective of our study was to evaluate the influence
of early-age castration (at 3 days of age) compared to traditional castration (at 18 months of

age) with regard to morphological and behavioural development.

Materials and Methods

Animals

This study used 22 male Welsh ponies from an experimental herd and included foals born in
three consecutive seasons. Pregnant mares were kept together and foaled in the field. Only
when care was needed for a neonate were the dam and foal kept indoors for two or three
days and fed hay and pellets. Water was provided ad libitum. The colts were gradually weaned
at 6 months ¢ and weaning involved progressive habituation to separation using a fence line

during the month preceding definitive separation. After weaning, animals were placed in a



yearling group, and then 2- and 3-year-old ponies were housed together. Horses were keptat
pasture from March to November, with hay and water provided ad libitum and were housed
in stalls with outside access from November to March. Ponies underwent either early (3 days
or neonates, EC group, n = 11) or traditional (18 months or yearling, TC group, n = 11)
castration and were followed up to the age of 3 years to compare castration as commonly
performed in practice with neonatal foal castration. The scrotal position of the testicles, light
bodyweight (bwt) of the animals and subsequent expected ease of the procedure accounted
for the choice of three days of age to compare with a more conventional age group. The
testicles were being examined histologically as part of another study comparing development

between the two groups.

Castration protocol and peri-operative management

Anaesthesia

From birth foals were accustomed to the human voice and presence by daily visual, vocal and
physical contacts. Before any manipulation of the neonates, the mother was sedated with
intravenous (I.V.) romifidine (Sedivet, 0.035 mg/kg bwt, Boehringer Ingelheim).

The yearlings were left in their social group until they were fasted for 12 hours overnight and
then premedicated. In the days before the operation, they were examined clinically and
weighed.

After a catheter was placed in the jugular vein and warm saline infusion (sodium chloride
solution 0.9%, 5 ml/min, Virbac) was started, the following I.V. injections were given at five-
minute intervals: i) diazepam for neonates (Valium, 0.08 mg/kg bwt, Laboratoire Roche) for
sedation and muscular relaxation (in the case of excessive foal agitation, the dose of Valium

was increased);’ ii) romifidine for yearlings (Sedivet, 0.05 mg/kg bwt, Boehringer Ingelheim)



for sedation; iii) butorphanol (Dolorex, 0.015 mg/kg bwt for neonates, 0.02 mg/kg bwt for
yearlings, Intervet) for analgesia® (this injection was repeated immediately after the
operation); 2 and iv) ketamine (Imalgene 1000, 3-5 mg/kg bwt for neonates, 2.2 mg/kg bwt for
yearlings, Merial SAS) for the induction of anaesthesia.l®

Analgesia at the operating site was achieved with aninjection of local anaesthetics (lidocaine,
Lurocaine, 5 ml/neonate, 10 ml/yearling, Vetoquinol) into the subcutaneous tissue and
around the cord after removal of the testicles. The gonads were not infiltrated with lidocaine
prior to excision to avoid impact on subsequent histological examination. Furosemide
(Dimazon, 1 mg/kg bwt, Intervet) was given intravenously, at the end of procedure to control
postsurgical oedema and was administered again in the following days if necessary.

After the animal regained consciousness, a nonsteroidal anti-inflammatory drug (flunixin
meglumine, Finadyne, 1 mg/kg bwt, Intervet) was administered intravenously for analgesia.l!
This injection was repeated on subsequent days if signs of pain persisted. In the case of
excessive agitation before surgery, the dose of romifidine and/or butorphanol was increased,;
this occurred in three neonates and five yearlings. During the operation, based on clinical
observations (movement, respiratory rate, cranial nerve reflexes, movement after surgical
stimulation, increased tension on the leg rope), incremental I.V. doses of ketamine were
administered. No differences in anaesthetic or analgesic requirements were observed

between the groups.

Surgery

All animals were castrated using a primary closure technique under general anaesthesia. Two
experienced veterinary surgeons were involved in this project. Twelve to four hours before

surgery, an intramuscular injection of antibiotic was administered (Depocilline,



benzylpenicillin, 10 mg/kg bwt, Intervet). For yearlings, antibiotic therapy was continued for
two days following surgery and for one to four days in both groups in the case of bleeding or
risk of contamination. The horses were positioned in dorsal recumbency. The eyes were
covered to limit sensory stimulation. During surgery, while keeping a distance and maintaining
appropriate asepsis, visual and olfactory contact between the dam and her foal was never
broken to preserve the dam-foal bond and prevent rejection of the foal after surgery.

The scrotal and inguinal areas were surgically prepared and draped. Briefly, the testicles were
pushed cranially, and a 4- to 5-cm incision was made through the prescrotal skin and
underlying subcutaneous tissues, which could be further dissected bluntly using Metzenbaum
scissors. One testicle was then exteriorised under gentle pressure, and the parietal tunica
vaginalis was incised to expose the testicle and epididymis. The vascular cord was clamped
and ligated separately from the cremaster muscle. After testicular removal, the parietal tunica
vaginalis was sutured, and the second testicle was dissected in the same manner through the
same skinincision. After the injection of local anaesthetic in the dead space, the subcutaneous
tissue was closed with a continuous suture, and finally, the skin was closed with three or four
sutures. All ligations were performed with Surgicryl (polyglycolic acid, SMI) USP 0 in neonates
and Surgicryl USP 2 in yearlings.

Neonates were returned to their dam as soon as the first signs of recovery were observed and
were allowed to suckle as soon as they were able to stand. They were kept in a stall for 24
hours before returning to the pasture if no signs of pain or discomfort appeared.

Yearlings were kept in their stall for 24 hours. Then they were placed with another castrated
individual for ten days in spacious stalls with paddock access before joining their social group

in the pasture or stall. Water was available as soon as effective recovery was observed, and



hay was gradually reintroduced within four hours of the intervention. Wounds examination

and monitoring for signs of complications were performed twice a day for the next five days.

Data collection

Morphometric measurements

Weight and morphometric monitoring were performed monthly from birth to 8 months of age
in both groups. Then, measurements were taken every 3 months until 2 years of age and then

every 6 months until 3 years of age.

The variables measured were as follows: bwt (kg), measured using an electronic livestock
scale; height at the withers (cm); body length (cm), measured from the greater tubercle of the
humerus to the point of the ischial tuberosity; chest perimeter (cm), measured through the
webbing passage and behind the withers; chest width (cm), measured as the distance
between the right and left greater tubercle of the humerus; hip width (cm), measured as the
distance between the right and left coxal tuberosity of the ilium; distal limb length (cm),
measured as the distance from the ground to the olecranon tuberosity; and metacarpal width

(cannon bone width, cm), measured with callipers.

Temperament tests

Tests were performed at 1 year of age to ensure that there were no side effects of the
paediatric surgery on temperament and at 3 years of age, the age of breaking-in, to evaluate

whether the age of castration could alter the further use of the animals by humans.



The temperament traits assessed were reactivity to humans, sensory sensitivity,
gregariousness, fearfulness towards novelty and suddenness, and activity. These tests have

been previously fully described'21> and are specified in Supplementary Item 1.

Briefly, reactivity to humans was measured based on the number of contacts with a passive
human during a 180 s period. Sensory sensitivity was evaluated as the number of cutaneous
reactions to von Frey filaments applied at the withers. Gregariousness was assessed by the
number of neighs during a 90 s period of isolation. Fearfulness towards novelty and
suddenness was assessed by monitoring the following four measurements: number of looks
at a novel object during a period of 180 s; number of contacts with a novel object during a
period of 180 s; time interval required to cross a novel area (seconds); and startle response
intensity in a suddenness test (notation of reactions according to their violence, from no
reaction to a very violent half-turn or even a fall). Activity was measured as the number of
moves insix delimited areas on the ground surface during habituation, passive human testing,

novel object testing and social isolation.

Data analysis:

Temperament data were compared between the two groups using the nonparametric
Wilcoxon-Mann-Whitney exact test for two independent groups with SAS® software (SAS

Institute, Inc.) and the nparlway procedure (Wilcoxon option).

The evolution of foal bwt (from birth) and morphometric measurements (from 1 week of age)
to 40 months of age were compared between the two groups using a nonparametric analysis
of longitudinal data in a factorial experiment with small samples using SAS® software (SAS

Institute, Inc.) and the F1_LD_F1 macro (version 1.1, written by Steffen Ballerstedt, January



1998, last version by Carola Werner, February 2005, Department of Medical Statistics,
University of Gottingen). The effects of group (EC or TC), animal age (time effect) and

interactions between group and age were included in the model.

Results

Surgeries

We did not observe any cases of prolonged hypothermia following anaesthesia. All foals
happily returned to their mother after surgery, and no cases of rejection were observed. To
facilitate the recovery process, each yearling was able to hear his companion the first 24 hours
after surgery. We did not observe any sweating, colic or behavioural problems suggestive of
pain after the surgery in neonates or yearlings. Apart from a few cases of slight oedema in 7
yearlings and 2 neonates, which quickly resolved, no wound-related complications were

observed.

Temperament tests and behaviour

Descriptive statistics (mean, median, minimum, maximum, Q1, Q3) for the results of
temperament tests performed when the horses were one or three years old, are presented in
Tables 1-2 and in Figures S1-S5 (boxplots). No differences in temperament were observed
between the two groups, regardless of the measurement (reactivity to humans, sensory
sensitivity, fearfulness-reaction to novelty and to suddenness, gregariousness, activity), at

either one year (Table 1) or three years (Table 2) of age.

Morphometric measurements



Descriptive statistics (mean, median, minimum, maximum, Q1, Q3) for results of
morphometric measurements, performed at birth (bwt) or 1 week to 40 months of age, are
presented in Figures 1-2 (boxplots) and Table S1. No differences were observed between the
two groups in either bwt at birth to 40 months of age (Figure 1) or other morphometric
measurements from 1 week to 40 months of age (Figure 2), except for the hip width, with an

interaction between group and age (p=0.04, Figure 2f).

Discussion

An open castration technique with a prescrotal approach and primary closure under general
anaesthesia was applied to both groups. This technique was selected due to the lower rate of
associated complications and quicker recovery.1® In addition, using the same technique inboth
groups allowed an independent assessment of complications.

Preanaesthetic stress should be avoided as much as possible as it may interfere with the
quality of narcosis, particularly in neonates. Therefore, transposing the general guidelines in
young dogs and cats,” foals were housed with their dam in a quiet location, and manipulations
were limited as much as possible before anaesthesia induction. As they are still in a period
where their physiology and metabolism are adjusting to their new extrauterine environment,
neonates are prone to hypothermia and hypoglycaemia during anaesthesia, particularly under
field conditions. Considering the uniqgue metabolism and excretion processes of foals at a very
early age, anaesthetic doses were kept as minimal as possible. Regarding hypothermia,
surgeries were performed in spring, outside but in a place sheltered from the wind, and the
foals were placed on a table covered with blankets for insulation. The rectal temperature was

monitored before and after surgery. Because glycogen depletion should be avoided and as



regurgitation and intestinal tympany are uncommon during anaesthesia in foals without pre-
existing gastrointestinal obstruction,’” preanaesthetic fasting is no longer recommended, but
caution should be used when induction occurs soon after the animal has nursed.'® Under our
conditions, foals were prevented from nursing during the preparation time and were allowed
to suckle as soon as they recovered from anaesthesia. Although it was not specifically
measured, as all foals returned to suckling very shortly after recovery, no general difference
in their behaviour was noticed by comparison with untreated foal, and no signs of foal
rejection by the mare were observed, it can be considered that early castration did not
negatively affectthe dam-foal bond. This is somewhat supported by the similargrowth of foals

in both groups, which confirms that the treated foals nursed normally after surgery.

No pre or intraoperative complications were observed, and all the foals and yearlings
recovered very quickly. However, we could have optimised the analgesia byinjecting lidocaine
or mepivacaine into the testicle, which could easily be implemented in field practice to
improve the animal’s comfort. 1920 As in previous reports,> we observed no long-term
complications, such as oedema, weight loss, castration adhesions or infections at the surgical
site, in our study. Castration of animals at 2 to 3 years of age has been shown to have an
increased risk of eventration in draught horses.! We speculate that very early castration with
a primary closure technique may be particularly beneficial in these breeds and should be
evaluated against later castration.

Our observations are based on only twenty-two animals born in one single herd of Welsh
ponies. While having one single breed represented is an obvious limitation, the common
housing, breeding and diet conditions among all animals enrolled are strengths. With more

than 20 years of experience each, both participating surgeons agreed that they subjectively



felt that early castration was easier and smoother than late castration. While this might have
been highlighted by a shorter surgical time, inconsistent recording of this parameter prevents

statistical confirmation of this subjective impression.

No mare rejected her foal after the castration surgery, and no foal showed any behavioural
problems after recovery from general anaesthesia (refusal to suckle, hyperactivity,
prostration, disordered movements, etc.). Regarding the temperament tests, the variables
recorded are considered good indicators of reactivity to humans, sensory sensitivity,
gregariousness, fearfulness and activity, due to their stability across situations and over

time.121> Early castration therefore had no significant influence on behavioural development.

The selected mares were multiparous to avoid differences in birth weight and the subsequent
development of the foals.?! No differences were observed in terms of physical or behavioural
development in the EC group compared to the TC group during the morphometric evaluation

or temperament tests carried out at 1 and 3 years of age.

It is important to note that this early castration was performed on animals that were closely
monitored by professionals. Further studies are needed to confirm the feasibility in routine
field practice. Owners may be reluctant to make the decision to operate on such young

animals. This technique is therefore primarily intended for professionals.

These initial results relate only to morphometry and weight but do not prejudge bone
development. Further studies are needed to confirm the absence of an effect on bone

development and metabolism.

Conclusion



Performing castration at a younger age was safe in healthy neonates and was technically
easier than in yearlings. There were no significant differences identified in morphological or

behavioural development between the groups.
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Tables

Table 1: Descriptive statistics and comparison of temperament data, between the EC (n=11) and TC (n=11) groups at one year of age

(Wilcoxon—Mann—Whitney test, exact, bilateral)

One year old (comparison with Wilcoxon—-Mann-Whitney test, exact, bilateral)

EC group (n=11)

TC group (n=11)

Mean Median Min Max [ Q1| Q3 Mean Median Min Max | Q1 | Q3 p value
Number of contacts with a
. 18.09 15 0 57 6 29 7.91 8 1 21 2 12 p=0.1
Reactivity to passivehuman
human i i
Time intervaltotouchthe |, 3¢ 6 4 36 | 4|19 8 6 4 34 | 4| 6 p=0.5
horse (head)
Sens.ory. Intens'lty of reaction to von 164 ) 0 3 1 3 127 1 0 3 0 ) p=0.6
sensitivity Frey Filaments
Number of fooks atanovel | o /¢ 6 0 15 | 1 |10] 455 3 0 17 | 2| 7 p=0.5
object
Fearfulness- Number of contacts with a
reaction to . 5.55 2 0 33 0 8 7.09 0 0 25 0 14 p=0.8
novel object
novelty
Time interval to cross a
40.91 23 6 122 16 | 58 3291 14 9 180 11 33 p=0.4
novel area (seconds)
Fearfulness- Startleresponseina
reaction to P 1.28 1 0.03 2.5 1 2 1.21 1 0.03 2 1 2 p=0.9
suddenness test
suddenness
Gregariousness | umPer of neighs during 2.36 2 0 7 | o] 4| 236 2 0 6 1| a p=0.9
isolation
Activity Activity (total number of 72.09 72 45 | 108 | 52| 83 77 80 18 | 152 | 43 | 98 p=0.9
movements)




Table 2: Descriptive statistics and comparison of temperament data, between the EC (n=11) and TC (n=11) groups at three years of age

(Wilcoxon—Mann—Whitney test, exact, bilateral)

Three years old (comparison with Wilcoxon—-Mann-Whitney test, exact, bilateral)

EC group (n=11)

TC group (n=11)

movements)

Mean Median Min Max | Q1| Q3 Mean Median Min Max | Q1 | Q3 p-value
Number of contactswitha |5 3¢ 16 5 | 22 |12 20| 1209 12 2 | 24 | 3 | 18| p=03
Reactivity to passivehuman
human Time interval to touch the
7.36 8 4 11 6 8 11.45 9 5 30 6 16 p=0.1
horse (head)
Sens.o.ry. Intens‘lty of reaction to von 182 ) 0 4 1 3 136 1 0 3 1 ) p=0.4
sensitivity Frey Filaments
Number of looks ata novel
. 7.91 8 1 14 5 12 8.27 9 2 14 4 11 p=0.8
object
Fearfulness-
N f ith
reaction to umber of contactswitha |, g, 4 0 10 | 3| 5| 527 3 0 19 | o] 8 p=0.7
novel object
novelty
Time interval to cross a 41.82 25 6 180 | 13 | 46 | 29.09 13 4 | 180 | 7 | 22| p=02
novel area (seconds)
Fearfulness- Startle responseina
reaction to P 1.16 1 0.03 2.5 1 2 1.09 1 0.5 2 1 2 p=0.7
suddenness test
suddenness
Gregariousness | umPer of neighs during 2 2 0 6 | o | 3| 245 2 0 6 1] 3 p=0.6
isolation
Activity Activity (total number of 80.45 78 46 | 112 | 72| 96 | 7082 68 51 | 117 | 55 | 77 | p=0.1




Figure legends

Figure 1: Evolution of bodyweight from birth (month=0) to 40 months of age inthe EC (n=11)
and TC (n=11) groups (Black line = median, black circle = mean, nonparametric analysis of
longitudinal data in a factorial experiment, testing the group effect, the age effect and the
interaction between group and age).

Figure 2: Morphometric measures from 1 week (month=0.2) to 40 months of agein the EC
(n=11) and TC (n=11) groups: (a) height at the withers (cm); (b) chest perimeter (cm); (c) body
length (cm); (d) foreleg length (cm); (e) shoulder width (cm); (f) hip width (cm); and (g) cannon
bone width (cm) (Black line = median, black circle = mean, nonparametric analysis of
longitudinal data in a factorial experiment, testing the group effect, the age effect and the

interaction between group and age).



Supporting Information

Supplementary Item 1: Description of the temperament tests.

Figure S1: Reactivity to humans (number of contacts with a passive human during a period of
180 s) inthe EC (n=11) and TC (n=11) groups.

Figure S2: Fearfulness-reaction to novelty or suddenness in the EC (n=11) and TC (n=11)
groups: (a) number of looks at a novel object during a period of 180 s; (b) number of contacts
with a novel object during a period of 180 s; (c) time interval to cross a novel area (seconds);
and (d) intensity of startle response ina suddenness test (0 = no reaction, 0.025 = head raise,
0.25 = head raise and startle, 0.5 = step back, 1 = quarter turn, 1.5 = violent quarter or half
turn, 2 = violent half turn, 2.5 = very violent half turn, 3 =falls).

Figure S3: Sensory sensitivity (intensity of reaction = number of cutaneous reactions to the
von Frey filaments) inthe EC (n=11) and TC (n=11) groups.

Figure S4: Activity (number of areas crossed during habituation, passive human test, novel
object test and social isolation) in the EC (n=11) and TC (n=11) groups.

Figure S5: Gregariousness (number of neighs during a 90 s period of isolation) in the EC (n=11)
and TC (n=11) groups.

Table S1: Descriptive statistics for morphometric measurements in the EC (n=11) and TC

(n=11) groups from birth (bodyweight) or the first week of life to 40 months of age.
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