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Abstract

The purpose of this study was to evaluate whether linear and non-linear measures of heart rate variability (HRV) could be used
as indicators of piglet castration pain. Thirty piglets were allocated to 1 of 4 treatments: i) sham castrated HRV (SHRV; n = 8);
ii) surgical castrated HRV (CHRV; n = 7); iii) sham castrated blood collection (SBC; n = 7); or iv) surgical castrated blood collec-
tion (CBC; n = 8). Piglets in the SHRV and CHRV treatment groups underwent a 1-h HRV and postural behaviour evaluation on
day –1, day 0 (castration treatment), day 1 and day 3 of the experimental procedure. Piglets in the SBC and CBC groups
underwent blood collection for serum cortisol analysis at –0.5, 1, 2, 3, 24, 48 and 72 h relative to castration treatment.
Castrated piglets (CHRV) exhibited greater low to high frequency ratio, lower sample entropy and greater percent determinism
compared to SHRV piglets, indicating greater pain-related stress due to the surgical castration procedure. Serum cortisol was
greater in CBC pigs at 1 h post-castration compared to SBC piglets. No effect of treatment was found for amount of time spent
lying post-castration. In conclusion, surgically castrated pigs exhibited greater pain-related stress than their sham castrated coun-
terparts. Additionally, non-linear HRV measures seem to complement traditional linear HRV measures and may be valuable for
assessing pain-related stress in future studies investigating swine welfare.
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Introduction
In the United States, male piglets not intended for the
breeding herd are surgically castrated to reduce aggressive
behaviour and improve meat quality (American Veterinary
Medical Association [AVMA] 2013). Previous studies evalu-
ating the behavioural and physiological response to castration
have shown that surgically castrated piglets exhibit greater
plasma cortisol concentrations (Prunier et al 2005; Sutherland
et al 2012), acutely increased adrenaline and noradrenaline
concentrations (Prunier et al 2002), may slow growth at three
days of age (Kielly et al 1999; no effects of castration in Hay
et al 2003 and Carroll et al 2006), altered behaviour (Weary
et al 1998; Taylor et al 2001; Davis et al 2017) and, if castra-
tion is conducted at an older age, a moderated response to an
immune challenge (Lessard et al 2002) compared to their
sham castrated counterparts. Therefore, while castration is
commonly carried out early in life to minimise any lasting
negative effects, it is evident that the procedure causes consid-
erable pain and stress to the piglet. 
In the past, non-invasive behavioural indicators of castration
pain have typically been the most beneficial for distin-

guishing between castrated and non-castrated piglets (Hay
et al 2003; Moya et al 2008; Sutherland et al 2012). Several
interconnected factors, such as procedure duration and
handling of untrained animals, may reduce the effectiveness
of common physiological measures (eg cortisol or cate-
cholamines) for evaluating stress (Marchant-Forde et al
2009). Accordingly, there is a need for additional non-
invasive methodologies to evaluate the physiological
response to castration pain. Heart rate variability (HRV) is a
non-invasive proxy measure of autonomic function that has
been used as an indicator of the autonomic stress response in
livestock species, however, little work has evaluated its use as
an indicator of pain-related stress (von Borell et al 2007). The
autonomic nervous system (ANS) consists of two main
components, the parasympathetic (PNS) and sympathetic
(SNS) branches, which regulate essential involuntary physio-
logical processes (eg breathing, digestion, heart rate) and are
altered in times of stress (Gordan et al 2015). Both branches
directly innervate the sinoatrial and atrioventricular nodes of
the heart, as well as the cardiomyocytes, and play a large role
in changes to heart rate (HR) over time (Gordan et al 2015).
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