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Dystocia is a stressful and traumatic event for both the cow and calf. As the prevalence of dystocia has
increased over time, attention has been focused on maintaining the health and longevity of the cow. Lack
of vitality in the newborn calf may go unnoticed and result in short or long-term implications for calf
health and performance.

1<eyW0fd55 A prolonged or assisted delivery may increase birth stress in calves causing a variety of effects includ-
Dystocia ing injury, inflammation, hypoxia, acidosis, pain and an inability to maintain homeostasis. Each of these
Célf . effects can further contribute to a reduced state of vitality in the newborn calf. Newborn vitality is essen-
Vitality R . . K . . s
Pain tial to the health, survival and welfare of the calf. If the calf is not vital at birth, it may be unwilling or
Health unable to get up and suckle colostrum in a timely manner. Early colostrum intake improves passive trans-
fer of immunoglobulins, energy uptake and thermoregulation. Intervention may be required to assist
these calves such as respiratory and thermal support, manual feeding of colostrum or the administration
of non-steroidal anti-inflammatory drugs to aid health and long-term survival. However, more research is
needed to determine ways in which newborn calf vitality can be assessed and improved in order to
reduce the increased risk of morbidity and mortality and long-term effects on performance.
© 2013 Elsevier Ltd. All rights reserved.
Introduction Factors causing dystocia may include pelvic dimension of the

The process of parturition can be a traumatic and hazardous
event in the life of a calf. The process is initiated by a rise in fetal
cortisol, followed by a course of endocrine events in the dam that
lead to uterine contractions, dilation of the cervix, delivery of the
fetus and, finally, expulsion of the placenta (Senger, 1999). Many
different factors can disrupt the fetal or maternal systems involved
with parturition and result in dystocia (Breazile et al., 1988).

Dystocia can be defined as a difficult or abnormal calving due to
a prolonged unassisted parturition process, or due to a prolonged
or severe assisted calf delivery (Mee, 2004). However, such a defi-
nition is subject to varying interpretations and this can be particu-
larly troublesome in field data collection and comparison of
studies. In an attempt to increase agreement between studies,
scoring systems to assess the degree of dystocia have been devel-
oped. Although the number of categories may vary in different sys-
tems, higher scores generally reflect a greater level of assistance.
These scores are generally expressed by the number of people
assisting or amount of mechanical force required to deliver the calf.
The highest scores are assigned to veterinary assisted deliveries,
including caesarian-sections (Meijering, 1984).
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dam, calf size, calf presentation and maternal factors, such as weak
labor, insufficient dilation of the cervix and uterine torsion (Meijer-
ing, 1984). The most common cause of dystocia is feto-pelvic dis-
proportion, which is a mismatch in dam pelvic size and calf
weight (Mee, 2008a). This mismatch occurs largely in primiparous
cows delivering bull calves. In general, bulls are heavier at birth
than heifer calves, which may be due to longer gestation lengths
and higher androgenic hormone production (Holland and Odde,
1992). However, statistical models constructed by Johanson and
Berger (2003) showed that calf birth weight was a better predictor
of calving difficulty than calf gender alone. It was determined that
for every 1 kg increase in birth weight, there was a 13% increased
probability of dystocia (Johanson and Berger, 2003). Compared to
other dairy breeds, Holsteins have the highest ratio of calf birth
weight to dam bodyweight, averaging 7.1% (Holland and Odde,
1992). As a result, Holstein cows have the highest incidence of dys-
tocia (Johanson and Berger, 2003; Heins et al., 2006). However, it is
noteworthy that the practice of recording calf birth weights in a
non-research setting is limited, especially in the dairy industry.
Accurate recording of birth weights is an important component
of making advancements in breeding programs to reduce the inci-
dence of dystocia.

Calves that are subject to dystocia due to any of the above listed
factors may require human intervention. Inappropriate timing of
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intervention or excessive force applied during delivery may cause
fetal trauma, stress, and in extreme cases, stillbirth (Schuijt,
1990). Dystocia can also lead to a cascade of behavioural and phys-
iological responses which may have implications for calf vitality, as
well as long-term health and productivity.

Vitality can be defined as having the capacity to live and grow
with physical and mental energy and strength. Low calf vitality
may result from inflammation, pain, injury, inability to maintain
homeostasis, hypoxia and acidosis (Breazile et al., 1988; Besser
et al., 1990; Carstens, 1994). These physiological responses can
have behavioural repercussions, such as reduced motivation to
perform natural behaviours for survival, including standing up
and suckling colostrum after birth (Barrier et al., 2012). Not receiv-
ing enough colostrum shortly after birth may affect a calf’s long
term health status and put it at greater risk of disease and mortal-
ity (Godden, 2008). It may also have implications on lifetime pro-
ductivity, such as average daily gain and milk production (Faber
et al., 2005).

A scoring system to assess newborn vitality has been developed
for use in humans (Apgar et al., 1958). Variations of this scoring
system have been studied in other species such as the pig, horse,
dog and calf (Randall, 1971; Mulling, 1977; Veronesi et al., 2005,
2009). In recent years, methods have been created to assess new-
born calf vitality and it is recognized that low vitality can be detri-
mental to survival, development and welfare (Riley et al., 2004;
Mellor and Stafford, 2004; Baxter et al., 2008). However, informa-
tion on ways to manage these effects or even prevent them from
occurring is limited.

Risk factors and characteristics of poor vitality in the dystocial
calf

Management of dystocia on modern dairy herds in North Amer-
ica is largely aimed at maintaining a healthy and fertile cow,
whereas little attention is paid to the calf; largely because knowl-
edge of the effects on the calf are limited and rarely have an imme-
diate economic impact. However, it is suspected that the effects on
the calf can be numerous, leading to reduced calf vitality followed
by compromised health and survival. Awareness and understand-
ing of the impacts of dystocia on calf vitality is essential to mini-
mize both short and long-term implications.

When excessive force is applied during the delivery process,
trauma inflicted can cause severe injury and pain (Schuijt, 1990).
Injuries to the vertebral column are common following dystocia
and include vertebral fractures, myeolmalacia, spinal cord com-
pression or severed spinal cord. In newborn calves with thoraco-
lumbar fractures, hemorrhage in and around the kidneys, adrenal
glands and musculature are consistent necropsy findings (Schuh
and Killeen, 1988). Fractures of the vertebrae, as well as ribs, may
increase the risk of abdominal trauma. Abdominal trauma may sub-
sequently lead to liver rupture and abdominal hemorrhage (Haug-
hey, 1975). Neonatal vertebral fractures occur infrequently and
may be diagnosed in 2% of calves (Schuh and Killeen, 1988). Other
frequent results of birth trauma in calves include femoral and man-
dibular fractures (Trent and Ferguson, 1985; Ferguson, 1994). If the
injuries are not immediately fatal, calves are usually weak and lack
mobility. Calf weakness may interfere with the natural interactions
and behaviours that occur with the dam, such as suckling colos-
trum, promoting health and survival (Mellor and Stafford, 2004).

Acidosis due to premature rupture of the umbilical vessels is
another consequence of prolonged dystocia or forced extraction
(Szenci et al., 1988; Hammer and Tyler, 1999). Umbilical cord rup-
ture terminates the oxygen supply to the fetus from the placenta.
When this occurs prematurely, before the calf is able to regulate
its own respiration, oxygen supply diminishes leading to the rapid

development of asphyxia and respiratory acidosis (Szenci, 1982).
Intense and prolonged labor contractions and trauma during forced
extraction can exacerbate this effect, subsequently inducing a state
of acid-base imbalance and prolonged hypoxia (Breazile et al.,
1988; Szenci et al., 1988; Grove-White, 2000). If the hypoxia is se-
vere enough, fetal tissues will derive energy from anaerobic glycol-
ysis, resulting in the production of lactic acid, inducing a state of
metabolic acidosis. Severe respiratory and metabolic acidosis
resulting from hypoxia may compromise survival in the newborn
calf (Grove-White, 2000; Bleul et al., 2007).

The cascading effects of asphyxia can cause decreased blood
flow to the liver and kidneys leading to hepatic necrosis, liver dys-
function and renal tubular necrosis, as seen in neonatal calves and
lambs (Mulling, 1977; Ikeda et al., 2000). Other implications in
calves include aspiration pneumonia, edema, bleeding, and death
(Mulling, 1977; Poulsen and McGuirk, 2009). Schuijt and Taverne
(1994) found that calves born from a severe dystocia had more
serious acidosis, took longer at achieve a normal pH (>7.2) and
had a greater risk of mortality. Furthermore, the ramifications of
hypoxia and acidosis may play an important role in a calf’s ability
to maintain homeostasis and thermoregulation.

Newborn calves are particularly susceptible to environmental
conditions at birth. At parturition, the calf moves from a controlled,
sterile environment to an adverse external environment, in which
the calf must make physiological responses to maintain homeosta-
sis (Carstens, 1994). Maintenance of thermoregulation during the
neonatal period is derived by both shivering thermogenesis in
muscle tissue and by non-shivering thermogenesis in brown adi-
pose tissue (Carstens, 1994). The ability to mobilize energy re-
serves from brown adipose tissue to achieve homeostasis can be
challenging for a newborn depending on the degree of stress, calv-
ing environment and season of birth (Okamoto et al., 1986).

Following dystocia, calves can have an impaired response to
environmental stressors such as cold temperature. Bellows and
Lammoglia (2000) found that where severe dystocia required a
mechanical calf puller, calves were less able to withstand cold
stress compared to those born without assistance, with minor
manual assistance or by Caesarean section. In other studies, au-
topsy findings have shown that calves born in temperatures below
their thermoneutral zone had signs of cold injury, including subcu-
taneous edema and hemorrhage of the hind legs, extensive catab-
olism of fat deposits, and focal hemorrhages in the adrenal cortex
(Haughey, 1973, 1975; Olson et al., 1980a). In contrast, Diesch et al.
(2004a) found no difference in rectal temperatures or blood metab-
olites in calves born with or without assistance. However, the de-
gree of assistance applied and stress at calving was not specified
in that study.

The reduced heat production found in stressed calves may be
due to hypoxia, acidosis, low plasma thyroid hormone concentra-
tions, and subsequent decreased mobilization of body lipids (Ver-
morel et al., 1983, 1989a). Severe hypoxia can reduce muscle
tonicity and prevent shivering following birth (Stott and Reinhard,
1978). Furthermore, hypoxia and acidosis have been associated
with decreasing the available energy needed for the metabolic
activity of brown adipose tissue during non-shivering thermogen-
esis (Vermorel et al., 1989a). In addition, other studies have shown
that severe hypoxia inhibits cortisol secretion from the adrenal
gland after birth (Stott and Reinhard, 1978; Bellows and Lammo-
glia, 2000). In human infants, one of the purposes of cortisol is to
stimulate thyroid activity; fetal plasma concentrations of thyroid
hormones rise in tandem with cortisol (Liggins, 1994). Since thy-
roid hormones regulate lipid mobilization, which plays an impor-
tant role in thermogenesis, hypoxic calves may have an impaired
ability to control body temperature (Vermorel et al., 1989a).

Another method of generating body heat in newborn calves is
through physical activity (Vermorel et al., 1989b). Simple natural
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behaviours such as standing up, walking and consuming colostrum
may be challenging for calves with low vitality, especially in tem-
peratures outside of their thermoneutral zone. Diesch et al.
(2004b) found that calves born in temperatures <10 °C or in windy
and wet conditions were slower to stand after birth than calves
born in temperatures >10 °C or in dry conditions. The delay in time
to stand was also correlated with assistance at calving (Diesch
et al., 2004b). Thus, calves with thermal stress and low vitality
have a limited ability to generate heat through natural physical
behaviour. Energy and heat acquired through colostrum ingestion
may also be delayed or reduced in calves with low vitality
(Grove-White, 2000; Barrier et al., 2012).

Implications of poor vitality in the dystocial calf

Dystocia resulting in poor newborn calf vitality may be a major
cause of failure of passive transfer (FPT) due to low volume of in-
gested colostrum (Furman-Fratczak et al., 2011). Beam et al.
(2009) found that malpresentation at birth resulted in calves with
an increased risk of FPT. Consumption of colostrum in calves with
fetal distress can be reduced by up to 74% during the first 12 h
(Vermorel et al., 1989a), while severe acidosis was found to reduce
colostrum intake by 52% and serum IgG concentration by 35% (Dre-
wry et al.,, 1999).

The impact of dystocia on FPT may be due to low vigor, decreas-
ing motivation to stand and suckle colostrum. Barrier et al. (2012)
found that calves born with assistance took longer to attempt to
stand for the first time, to achieve standing, to walk and to reach
the udder. These effects are likely to have implications on the
amount and timing of colostrum ingestion. Vasseur et al. (2009)
found that the quantity of colostrum ingested can be predicted by
vigor (measured by the calf’s ability to stand without assistance).
However, they found that suckling reflex was not related to colos-
trum intake, being pulled at calving or calf vigor. However, only se-
ven calves in the study were observed to be suckling. Furthermore,
the measurement of the actual colostrum intake from the suckling
was not possible, thereby limiting the conclusions that can be
drawn in the relationship between colostrum intake and suckle re-
flex (Vasseur et al., 2009). Other studies have shown that dystocia
itself may not impact serum IgG concentrations in calves (Stott
and Reinhard, 1978; Burton et al., 1989) but these studies did not
investigate calf vitality or motivation to consume colostrum.

Environmental stress at birth may also influence the timing of
colostrum ingestion and subsequent IgG status. Beam et al.
(2009) found that, following dystocia in cold weather, calves not
provided heat were 1.6 times more likely to have FPT. Cold stress
alone has also been associated with delaying colostrum intake
and decreasing the rate of I[gG absorption (Olson et al., 1980b). Cold
stressed calves are weak and have greater difficulty standing,
maintaining balance and bottle feeding (Olson et al., 1980a). Thus,
it is not surprising that calves born in cold weather had lower
mean serum Ig concentrations than calves born in the summer
(Robison et al., 1988). Heat stress in calves has also been associated
with low serum IgG concentrations, either through low calf vitality
or decreased permeability of the intestine (Stott et al., 1976; Stott,
1980; Donovan et al., 1986).

Compromised immune status resulting from FPT in dystocial
calves may be caused by reduced IgG absorption rather than just
the quantity of colostrum intake. In particular, studies in calves
have shown that dystocia-induced asphyxia is followed by de-
creased IgG absorption (Boyd, 1989; Besser et al., 1990). There
was a significant inverse relationship between venous partial pres-
sure of carbon dioxide at birth and 12 h post feeding serum IgG
concentration. This indicates that serum IgG concentration is lower
in calves with respiratory acidosis. Other results suggest that aci-
dosis may actually be associated with a delay in gut closure, and

therefore, delayed IgG absorption. Tyler and Ramsey (1991) ob-
served that hypoxic calves had substantial IgG absorption after
the second colostrum feeding (12 h postpartum), which did not oc-
cur in calves without hypoxia. It was found that time to gut closure
was increased from a mean of 20 h in calves without hypoxia to
40.5 h in calves with hypoxia. However, despite the difference in
absorptive time, the absorptive capacity of the two groups (defined
as the highest concentration of plasma IgG obtained) was not sta-
tistically different (Tyler and Ramsey, 1991). Thus, the effect of hy-
poxia on IgG absorption remains uncertain.

In dairy replacement calves, FPT has been linked to increased
susceptibility to infectious disease subsequently leading to neona-
tal morbidity and mortality, as well as long-term decreases in pro-
ductivity (DeNise et al., 1989; Faber et al., 2005). Low serum IgG
concentrations have been associated with reduced average daily
gain, decreased milk production in the first and second-lactation
and an increased culling rate during the first lactation (DeNise
et al., 1989; Faber et al., 2005). Furman-Fratczak et al. (2011) found
that dystocia resulting in calves with poor vitality and FPT had a
reduced rate of gain and a higher incidence of disease. Occurrences
of diseases, such as pneumonia and diarrhea, are more common in
calves that have experienced a severe dystocia, along with in-
creased odds of stillbirth and overall mortality (Lombard et al.,
2007). In that study, overall mortality included heifer mortalities
and stillborn heifer calves. Bull and twin calves were not included,
as these animals were commonly sold or lost to follow-up. This loss
may produce bias towards the null hypothesis, as bull and twin
born calves have higher risks of dystocia and stillbirth than heifers
and singletons (Lombard et al., 2007).

Stillbirth (calves that die at birth or within the first 48 h) is
more common in calves that have undergone a severe dystocia
(Meyer et al., 2001; Tenhagen et al., 2007). Laster and Gregory
(1973) found that calves affected by dystocia experience four times
the mortality at birth or within 24 h, when compared to calves
from normal births. This may be attributed to a number of different
factors including FPT. It has been reported that 8.8% of heifer calves
die between 1 and 120 days of age, but when combined with still-
births, 20.6% of heifer calves die before 120 days of age (Lombard
et al, 2007). It is clear that the physiological and behavioural
implications resulting from dystocia can lead to FPT, morbidity, re-
duced productivity and mortality, which have profound effects on
the cattle industry. Methods to asses and improve calf vitality are
essential to lessen these impacts.

Methods to assess the vitality of newborns

In developed countries, human pre and post-natal care pro-
grams have resulted in a very high rate of success for prevention
of problems in newborn babies. Part of this success is due to a stan-
dard requirement for the completion of a health and vigor score
within minutes of birth. This method of assessment, commonly
termed the Apgar score, was created by Dr. Virginia Apgar in
1953. It has become the standard procedure used for human new-
borns since that time. In this assessment, five easily observed signs
in newborn babies are evaluated. These signs can be assessed with-
out special equipment and taught to delivery room personnel
without difficulty. They comprise heart rate, respiratory effort, re-
flex irritability, muscle tone, and skin color.

In 1962, a backronym was created to facilitate teaching the five
signs of the Apgar score — with Apgar standing for appearance,
pulse, grimace, activity, and respiration. A rating of 2, 1, or 0 was
given to each sign, assessed at 60 s after delivery, and on a repeated
basis following a decision model to determine a course of action
until the baby is deemed to be healthy and vigorous. A lower Apgar
score meant a less vital infant (Finster and Wood, 2005). The Apgar
score was not designed for the purpose of making long-term
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predictions about future health and growth, but to guide physi-
cians in providing care to individuals that may be at considerable
risk after birth. Studies have demonstrated that the Apgar score
is a predictor of mortality in newborns (Veronesi et al., 2009),
but lacks sensitivity because infants at risk for mortality, neurolog-
ical defects, or metabolic acidosis can receive high scores. Yet, the
score is highly specific, as healthy newborns will not receive a low
score (Jepson et al., 1991).

Tests of newborn vigor have been developed for other species
including the pig, horse and dog (Randall, 1971; Veronesi et al.,
2005, 2009). In each of these studies, a modified Apgar score was
created; choosing a few parameters that were easily evaluated
without the use of advanced equipment. These studies included
variables such as heart and respiratory rate, reflexes, mobility
and mucous membrane colour. With the use of this modified ‘vital-
ity score’, Veronesi et al. (2009) found mortality was increased in
pups with a low vitality score and that those puppies were less
likely to seek the mammary gland and had weaker suckling/swal-
lowing reflexes (Veronesi et al., 2009). Randall (1971) found that
piglets with lower vitality scores were slower to stand, had more
difficulty breathing, had slower heart rates, decreased arterial
blood pH and increased partial pressure of carbon dioxide, indicat-
ing a state of acidemia and hypercapnia (Randall, 1971). Results
from these studies analyzing signs of reduced viability, correlate
well with many studies looking at the varying conditions of calves
after a stressful birth.

A modified Apgar score has been assessed in calves in several
German studies (Mulling, 1977; Schafer and Arbeiter, 1995; Herfen
and Bostedt, 1999a; Herfen and Bostedt, 1999b). The original calf
Apgar score created by Mulling (1977), used signs of asphyxia as
the criteria for scoring. This included muscle tone and movement,
reflexes, respiration and mucous membrane color. Using this score,
Schafer and Arbeiter (1995) found that when stage 2 labor was
greater than 2 h in duration, 71% of calves had low-grade depres-
sion. Herfen and Bostedt (1999a) also found that the duration of
parturition significantly influenced the degree of vitality in the
neonate.

Schafer and Arbeiter (1995) found that calves with lower mod-
ified Apgar scores, had higher blood concentrations of cortisol and
estradiol, larger numbers of granular neutrophils, and fewer lym-
phocytes. The high cortisol observed in depressed calves in this
study is in disagreement with other studies that have suggested
lower cortisol concentrations in hypoxic newborn calves (Stott
and Reinhard, 1978; Bellows and Lammoglia, 2000). However,
although Schafer and Arbeiter (1995) did not measure the degree
of hypoxia from blood measurements specifically, Herfen and Bos-
tedt (1999a) showed that the modified Apgar score was only mar-
ginally correlated with the results of blood-gas analysis. Following
prolonged calving events and Caesarean sections, calf vitality ap-
peared to be worse when measured with the Apgar score than
was apparent from the results of laboratory tests such as blood-
gas analysis (Herfen and Bostedt, 1999a).

Based on these findings, Herfen and Bostedt (1999b) concluded
that Mulling’s Apgar score did not accurately assess the vitality sta-
tus of the calf, and that calves were more appropriately classified
into vitality groups based on acid-base status. Further research is
needed to develop a newborn calf Apgar score, which can accu-
rately reflect the blood status and true vitality of the calf.

Hypoxia and acidosis may be good predictors of calf vitality and
willingness and motivation to get up and suckle colostrum. How-
ever, such blood based measures require expensive, inconvenient
and invasive laboratory tools. More practical measures are needed.
Schulz et al. (1997) found that within 12 h postpartum, healthy
vital calves have the physiological ability to stand and suckle
without human assistance and to have a frequency of >80 suckling
movements/min of suckling time. They recommended that

suckling behavior be used to assess vitality alone, or as a part of
a modified Apgar score. Schuijt and Taverne (1994) also evaluated
suckling reflex and time to sternal recumbency as objective indica-
tors of fetal stress and vitality. Calves that were forcefully ex-
tracted took significantly longer to achieve sternal recumbency
and had a lower overall state of vitality (Schuijt and Taverne,
1994).

An assessment of newborn calf vitality combining the practical
measures from Mulling’s score, along with time to standing and
suckling reflex, is outlined by Mee (2008b). This assessment uses
visual and physical measures that can be easily performed on farm
and includes observing the presence of meconium staining, periph-
eral edema, cyanosis of the mucous membranes, as well as heart
and respiration rates, muscle tone, stimulation reflexes, rectal tem-
perature, time to sternal recumbency and attempts to stand and
suckle (Mee, 2008b).

Although there have been several attempts to create tools to as-
sess newborn calf vitality and these may identify less vital calves at
birth, further research is needed. A practical tool which can be used
on farm with ease and accuracy has not yet been validated to as-
sess newborn calf vitality. Research is lacking in investigating
and identifying risk factors at birth that can be used to predict
morbidity and perinatal mortality. Factors such as these would
be of benefit in developing a calf vitality assessment tool in order
to prevent the long-term economic consequences associated with
calf loss. In addition, a practical decision model should be devel-
oped to assist farmers in determining best practices to aid calves
with low vitality to improve health and survival.

Assessment of pain in newborn calves following dystocia

Experimental work has verified that the neural pathways of
pain sensation are similar in animals and people (Hudson et al.,
2008). Nevertheless, although it is well known that the process
of birth is painful in women, little attention has been given to
the pain experienced by cattle during parturition (Gregory, 2004;
Rushen et al., 2008). Studies have shown that dystocia is one of
the most painful conditions in adult cattle (Huxley and Whay,
2006; Kielland et al., 2009; Laven et al., 2009).

There has been virtually no research on the pain experienced by
the newborn calf following dystocia, perhaps because the effect of
dystocia on the cow is perceived as being more painful than in the
calf. In a survey of UK veterinarians, the median score given to the
severity of pain following dystocia (without analgesia) in adult
dairy cattle was 7 (0-10 scale), whereas it was only rated 4 in new-
born calves (Huxley and Whay, 2006). These same ratings were gi-
ven in a separate survey of New Zealand veterinarians (Laven et al.,
2009).

Despite this perception, recent evidence has suggested that pain
may be experienced more intensely in newborn than in older ani-
mals because awareness and or consciousness are suppressed until
immediately after birth (Mellor and Gregory, 2003). The rapid acti-
vation of awareness at birth caused by increased blood oxygen and
estrogen concentrations, as well as somatosensory stimulation,
may lead to greater cerebral cortical responses to afferent pain im-
pulses than might occur as the newborn gets older (Mellor and
Gregory, 2003; Mellor and Stafford, 2004).

Research on the methods to assess pain in newborn calves fol-
lowing dystocia is non-existent. Pain is a subjective experience
that is not possible to measure directly. However, basic behavioral
and physiological measurements can provide indirect evidence of
pain. Behaviors such as withdrawal reflex and movement after
birth, as well as physiological measurements including heart rate,
respiration rate and body temperature, have been shown to be
indicators of pain in farm animals (Molony and Kent, 1997).
Interestingly, many of these measurements have been used to as-



326 C.F. Murray, K.E. Leslie/ The Veterinary Journal 198 (2013) 322-328

sess calf vitality in modified Apgar scores. Thus, it is possible that
calf vitality scores are directly correlated with the degree of pain
experienced by a newborn calf. However, further research is
needed to identify whether these measurements are truly indica-
tors of pain newborn calves.

Strategies to improve vitality in dystocial calves

Intervention strategies should be in place to mitigate the ef-
fects of severe pain and trauma on the health and survival of
the newborn calf. In dams carrying valuable calves, or when dys-
tocia is suspected, birth trauma may be the result of inappropri-
ately early intervention (Bleul and Kahn, 2008). In other research,
approximately 90% of calf losses are attributed to a delay in
receiving assistance or the amount of difficulty and time required
to remove the calf (Laster and Gregory, 1973). Knowing when
intervention is required and when to call for professional veteri-
nary assistance can greatly increase the calf's chances of survival
(USDA, 2007).!

Losses in calves can be prevented by good supervision at calving
(Mee, 2004). It has been shown that insufficient monitoring around
parturition can have a negative effect on the duration of stage 2 la-
bor and, indirectly, on perinatal mortality (Gundelach et al., 2009).
While monitoring calving progress, decisions to intervene, when to
intervene, how to intervene, and whether to acquire veterinary
assistance should be addressed by the farm personnel (Mee,
2004). Gundelach et al. (2009) suggested that intervention should
be considered when stage 2 labor lasted longer than 2 h. Signs of
reduced vitality in the neonate, including peripheral edema, scleral
hemorrhages, cyanosis of the mucous membranes or reduced
responsiveness to stimulation, can also be a good indication that
intervention is required (Mee, 2004). At birth, an additional vitality
assessment using a modified Apgar score, may indicate the need
for further intervention or special attention to improve long-term
survival of the calf.

Conventional intervention methods for newborn calves attempt
to reduce the immediate impacts of dystocia-induced respiratory
and metabolic acidosis, thereby improving vitality and reducing
calf loss (Mee, 2008Db). Intervention strategies may include artificial
respiration, respiratory stimulants, oxygen, buffer therapy for aci-
dosis, thermal support and umbilical treatment (Mee, 2004,
2008b). In addition, if the calf is too weak to stand and suckle, feed-
ing warm colostrum by esophageal feeder is recommended (Grove-
White, 2000). Energy from colostrum in the hours following birth
is essential for metabolic processes including heat production
and fatty acid oxidation as well as providing the newborn with
protective antibodies (Mellor and Cockburn 1986; Grove-White,
2000; Mellor and Stafford 2004).

A more novel strategy to improve newborn calf vitality and sur-
vival could be the administration of non-steroidal anti-inflamma-
tory drugs (NSAIDs) for the alleviation of pain and inflammation
following dystocia (Laven et al., 2012). The mode of action of NSA-
IDs is through the inhibition of cyclo-oxygenase (COX) enzymes to
reduce prostaglandin synthesis (Hudson et al., 2008). In addition,
NSAIDs have anti-endotoxic and anti-pyretic effects in cattle (Hud-
son et al., 2008; Laven et al., 2012). Side effects associated with
NSAIDs, notably gastric ulceration and renal disease, are not well
recognized in farm animals (Hudson et al., 2008). Lack of side-ef-
fects may be because of their short term use these species. This
may also be true for use in calves following dystocia, as they would
likely require only one dose following calving.

Research on the use of NSAIDs for dystocia has primarily been
focused on the cow. There is currently no published literature on

! See: http://www.aphis.usda.gov/animal_health/nahms/dairy/downloads/
dairy07/Dairy07_ir_CalfHealth.pdf (accessed 10 September 2012).

the use of NSAIDs in calves following dystocia (Laven et al.,
2012). However, it is interesting that 39% of dairy cattle veterinar-
ians in the UK indicated that they used NSAIDs in calves following
dystocia, at least occasionally - in contrast to 66% who reported
using NSAIDs in some cows following dystocia (Huxley and Whay,
2006). Yet, in the majority of dystocia cases, veterinarians are not
called for assistance, and the producers themselves are responsible
for calving management and decisions regarding the administra-
tion of analgesia to the cow and/or calf. As such, these decisions
are often influenced by cost (Hudson et al., 2008). Consequently,
the reported use of analgesics following dystocia in either cows
or calves is probably greater than the actual rate of use.

It is possible that the limited usage of NSAID therapy following
dystocia in cows, and even more so in calves, is due to the lack of
scientific evidence of the benefits of NSAIDs following dystocia.
Although it is clear that the physiological repercussions from dys-
tocia reduce newborn calf vitality, it is uncertain whether there is
pain, since this cannot be directly measured (Molony and Kent,
1997; Mee, 2008b). If the symptoms of reduced vitality are associ-
ated with pain, it is plausible that the administration of NSAIDs to
calves following dystocia can improve the time to standing, in-
crease colostrum uptake, improve health and overall calf survival
and welfare (Laven et al., 2012). However, more research is needed
to verify the benefits before treating dystocial calves with NSAIDs
can be widely recommended.

Conclusions

It is well known that birth trauma dramatically decreases new-
born calf vitality and increases the risk of stillbirth and neonatal
mortality. The goal of the dairy and beef industries to maintain
healthy cattle could benefit from the development, validation
and implementation of useful methods for determining the vitality
of the calf following parturition. Currently, there is no standard,
validated protocol for monitoring newborn calf vigor. Behavioural
and physiological measures of vitality such as responsiveness, time
to standing, suckling reflex, heart rate, respiration rate, body tem-
perature, mucous membrane colour, or more invasive measure-
ments such as blood-gas analysis for acidosis, may provide a
good indication that the calf requires further intervention. How-
ever, there is currently a lack of published data supporting these
observations. More research is needed to validate signs of reduced
vigor and to relate them to the future health and productivity of
the animal. There is also very little published data on the pain
experienced by the newborn calf following dystocia and relief
through appropriate therapeutic interventions. Alleviation of this
pain and distress following calving through the administration of
NSAIDs may have important benefits for improving the behavioral
and physiological status of the calf, total colostrum intake and suc-
cess of passive transfer, all leading to a reduction in morbidity and
mortality.
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