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Abstract

Background: Ex situ breeding programs are essential to establish genetic resource banks and produce offspring to
strengthen the in situ conservation of endangered species. However, many programs fail to maintain viable ex situ
populations due to reproductive problems, including dystocia in pregnant females. Dystocia encompasses different
emergency obstetric situations for the lives of dams and fetuses that require urgent intervention. This condition has
been studied in domesticated species but published records in wildlife, specifically in felines species, are scarce.
Case Description: An adult female ocelot (Leopardus pardalis) was referred to the wildlife hospital of the Universidad
San Francisco de Quito after being attacked by dogs (Canis familiaris). Neurological tests revealed traumatic spinal
cord injury at a thoracolumbar level. Complementary tests (laboratory exams, radiographs, and ultrasound) revealed a
full-term pregnancy, failure in the labor progress, and critical fetal stress. A cesarean section was performed, and the
newborns received resuscitation care after assessing their viability using the Apgar score system. The neonate with the
lowest Apgar score died within the first hour after birth, while the second one showed an increase in Apgar score after
resuscitation care and survived the procedure.

Conclusion: We provide new obstetric data that could be relevant to save the lives of dams and newborns in related
cases for ocelots and other species of wild felids. Furthermore, this study confirms the adverse effects that domestic
dogs have on wildlife species.

Keywords: Afferent innervation, Apgar score, Neonatal resuscitation, Obstetric anesthesia, Wild felid.

Introduction However, its real impact is not currently recognized in

The ocelot (Leopardus pardalis) is a medium-sized Ecuador (Zapata-Rios and Branch, 2018).

neotropical feline distributed from the southern United
States to northern Argentina and Chile (Sunquist and
Sunquist, 2002). The species is one of the most abundant
in its entire distribution range, playing a crucial role in
the dynamics of the ecosystems it inhabits (Rocha et
al.,2016). The International Union for Conservation of
Nature (IUCN) classifies the species as least concern,
but the current population trend is decreasing (Paviolo
etal.,2015), and in some areas such as Ecuador, ocelots
are classified as near threatened due to illegal hunting
and habitat loss (Espinosa et al., 2011). Domestic
dogs are considered one of the causes of the decline
in threatened wildlife species globally (Doherty et
al., 2017). Specifically, the presence of domestic dogs
(Canis familiaris) negatively affects the distribution
of ocelots (Paschoal et al., 2018), including the death
of specimens by direct attacks (Haines et al., 2005).

Traumatic spinal cord injury (SCI) is a devastating
disease resulting in changes, temporary or permanent,
in motor, sensory, or autonomic function (Webb et al.,
2010; Eminaga ef al., 2011). As has been reported in
humans, pregnant women with SCI are at significant
risk of dystocia due to failure to progress in labor and
have higher rates of cesarean sections than the general
population (Cross et al., 1992; Sterling et al., 2013).
Although dystocia caused by SCI has been reported in
domestic cats (Ozdemir Salci et al., 2020), information
on wildlife veterinary medicine is scarce. Dystocia
is an emergency that requires urgent diagnosis and
timely intervention since improper management can
compromise both fetal and maternal survival (Pretzer,
2008; Traas, 2008a). Surgical intervention, namely
cesarean section, is indicated if medical therapy fails
and expulsion of all fetuses through the birth canal is
not possible without delay (Purohit and Gaur, 2004;
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Reichler and Michel, 2009). This procedure has been
performed routinely in domestic cats (Ekstrand and
Linde-Forsberg, 1994; Dejneka et al., 2015), but few
scientific publications have reported cases of dystocia
and consecutive cesarean sections in wild felids
(Batista-Arteaga et al., 2011; Khan et al., 2011; Alves
etal., 2018).

The reproductive management of ex sizu wildlife
populations can assist in retaining existing genetic
diversity for the future maintenance of free-ranging
populations, especially for threatened species. The
Felidae Taxon Advisory Group identifies feline species
housed at accredited institutions. It uses a registry of
captive animals (e.g., Studbook) to manage ex sifu
breeding programs and avoid inbreeding. There are 15
feline breeding programs included in the [UCN Red
List of Threatened Species (Wildt et al., 2010). As
such, zoos and other ex situ wildlife institutions play
an important role in species conservation. However,
many of these institutions fail to meet demographic
and genetic goals to ensure long-term viability due to
reproductive problems, including dystocia in pregnant
females (Penfold et al., 2014). The obstetric data
obtained from this study could be relevant in related
cases for ocelots and other threatened feline species
included in ex situ breeding programs. Consequently,
the present report aims to describe for the first time
dystocia and cesarean section performed on an ocelot
with traumatic spinal cord injury after a dog attack.

Case Details
An adult female ocelot was remitted from Northwest

of Ecuador to the Universidad San Francisco de Quito
(USFQ) wildlife hospital for evaluation after being

attacked by domestic dogs; firefighters rescued the
specimen after residents reported the attack. Upon
admission, the patient was in lateral recumbency, and
chemical restriction was not necessarily due to its
depressed state of consciousness. Physical examination
revealed two fresh thoracic lacerations, one dorsal
approximately 1 cm?, and the other on the right flank
approximately 3 cm?, about 5 cm apart (Fig. 1),
poor body condition (7.5 kg), dehydration (10 %),
dry and pale mucous membranes, delayed capillary
refill time (> 3 seconds), hypoglycemia (52.2 mg/
dl), hypothermia (34.2°C), and bradypnea (13 breath/
minutes). Blood samples were collected from the
cephalic vein to analyze complete blood cell and serum
biochemistry panel; significative findings included
normocytic, normochromic anemia (hematocrit 10
/1, MCV 51 fl, MCHC 350 g/1), leukocytosis (white
blood cells 23.60 10%1, band neutrophils 0.71 10%1,
segmented neutrophils 16.52 10%1, lymphocytes 4.48
10%/1, monocytes 1.65 10%1, eosinophils 0.24 10°/1), and
hypoalbuminemia 22.10 g/l (ocelots reference values
in Widmer ez al., 2016). Blood samples were tested
for feline leukemia virus, feline immunodeficiency
virus, and blood parasites; all tests were negative.
Initial treatment consisted of oxygen supplementation
by face mask (FiO, 60%), fluid resuscitation with
tempered lactated ringer’s solution (50 ml/kg/h 1V)
plus 50% dextrose bolus (250 mg/kg IV), analgesia
(meloxicam: 0.2 mg/kg IV q 24 hours) and antibiotic
therapy (ampicillin sulbactam: 25 mg/kg IV ql12 plus
ceftriaxone: 30 mg/kg IV q 12 hours).

Following the initial assessment, a complete
neurological examination was performed. The ocelot
showed a perception of superficial and deep pain in

__-d\"\' h

Fig. 1. Ocelot after clipping and skin disinfection upon admission. Two open, fresh lacerations are
evident at the thoracic level, one dorsal and the other on the right flank of the patient.
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Fig. 2. Latero-lateral radiography of the ocelot. The image shows the presence of two fetuses in an
advanced stage of development.

all four limbs. Normal spinal reflexes were observed
in both forelimbs and normal withdrawal reflex but
patellar hyperreflexia in both hindlimbs. At the time
of examination, the bladder was distended, and the
perianal reflex was present, although diminished. These
findings localize the lesion in the thoracolumbar (T3-
L3) region (Garosi, 2009). Since SCI was suspected,
to avoid excessive manipulation and exacerbation of
the patient's lesion, latero-lateral and ventro-dorsal
radiographic (Medical X-Ray, Radiography System,
model sharp Ray LWX-20p) views of the spine were
obtained with the ocelot in the left lateral decubitus.
The radiographs did not show any injuries at the
thoracolumbar level, but the presence of two fetuses
was evidenced (Fig. 2).

An ultrasound (SonoScape, Portable Digital Color
Doppler Ultrasound System Model S6V, Micro-
Curved Array, 7.5 MHz) was performed to monitor
fetal development and vitality. It was found that the
fetuses were fully developed due to the differentiation
of intestinal layers and the existence of intestinal
peristalsis (Lopate, 2018). Both fetuses showed heart
rates <150 beats/minutes, indicative of fetal stress
(Traas, 2008a). Furthermore, low concentrations of
progesterone were detected in the blood (2.1 ng/ml), but
obstetric inspection did not show any signs associated
with labor onset. Three hours later, the fetuses” heart
rate increased to normal values (Table 1), so the initial
treatment was maintained, and a urinary catheter was
placed to allow the emptying of the bladder. In the
following hours, the female progressively stabilized,
but 48 hours after admission, it was decided to perform
a cesarean section; the fetuses' heart rate became critical

again. The female continued to show no signs of labor
progress.

The ocelot was premedicated with fentanyl (3 ng/kg
IV) for the safe handling of the animal. Anesthesia was
induced with propofol (4 mg/kg IV) to allow intubation
of the patient. It was maintained with 2.5% sevoflurane
in oxygen at 1 l/minutes using a partial rebreathing
system (Smiths Medical SurgiVet CDS 9000, Vernon
Hills 1L60061, USA). The dam was positioned in
dorsal recumbency, and a ventral midline approach
for cesarean was performed following a modified
surgical technique from that described by Fossum
et al. (2013), which included a more meticulous
surgical skin preparation (trichotomy of the middle
plus lateral abdominal region, and antisepsis with
4% soapy chlorhexidine gluconate solution plus 2%
hydroalcoholic chlorhexidine gluconate solution), and
reinforcement of skin closure (continuous intradermal
pattern plus simple interrupted cutaneous pattern, both
with 3-0 absorbable monofilament suture). Heart rate,
respiratory rate, central temperature, mean arterial
pressure, arterial oxygen saturation, end-tidal carbon
dioxide concentration, and arterial oxygen concentration
were monitored (Model CMS6000, Contec Medical
Systems Co. Ltd, China) continuously during the
surgery (Table 2). Administration of intravenous fluid
(Lactated Ringer’s solution: 5 ml/kg/hours) started at
induction and continued throughout surgery to maintain
an emergency venous access. The total anesthesia time
was 35 minutes, and the surgery lasted 20 minutes.
Cardiorespiratory alterations were not detected during
the procedure, and anesthetic recovery was smooth and
without complications.
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Immediately after delivery, the newborns received
neonatal care consisting of clamping the umbilical
cord, suctioning fluids from nose and mouth with a
bulb syringe, and rubbing with warm towels. To assess
neonatal viability, an Apgar score test was performed
5 minutes after delivery (Veronesi et al., 2009). Both
newborns were classified as critical (Table 3) and
received resuscitation care following the protocol
described by Traas (2008b). The neonate with the
lowest score died within the first hour, while the other,
with the highest score, increased their Apgar score 2
hours after birth and survived the procedure.

Postoperative therapy for the dam included analgesic
(pregabalin: 5 mg/kg PO q 12 hours for 30 days), anti-
inflammatory (carprofen: 2.2 mg/kg PO q 12 hours

Table 1. Fetus heart rates monitored by ultrasound.

Heart rate
(beat/minutes) 0 I T " by s
Fetus 1 146 180 176 168 166 126
Fetus 2 138 164 180 176 156 122

(z,): upon admission; (#,): 3 hours after admission (aa); (¢,): 6 hours
aa; (¢,,): 12 hours aa; (z,,): 24 hours aa; (z,,): 48 hours aa.

for 5 days), antibiotic (amoxicillin-clavulanic: 20 mg/
kg PO q 12 hours for 10 days and cefalexin: 30 mg/
kg PO q 12 hours for 10 days) and vitamins (Vit E:
400 UI PO q 24 hours for 30 days). The specimen
was placed in a resting cage (95 cm length x 50 cm
width) for 8 days, after which it was transferred to a
larger cell (200 cm length x 65 cm width) to assess its
clinical evolution. No swelling or dehiscence of the
surgical wound was observed during this period, and
a progressive improvement in the patient's posture and
locomotion was found. Four weeks after admission,
the patient was neurologically reevaluated. Superficial
sedation was performed (dexmedetomidine: 4 pg/
kg IM plus ketamine: 2 mg/kg IM), and the recovery
of the spinal reflexes of the four extremities could be
verified. The dam was discharged and transferred to
a wildlife rescue center 45 days after surgery, from
where it was subsequently reintroduced into the wild.
The surviving kitten was hand-reared following the
techniques described by Edwards and Hawes (1997)
for wild felids until self-feeding was safely established.
At 3 months of age, the specimen was transferred to
a rescue center where it is evaluated for release into
the wild or inclusion in an environmental education
program.

Table 2. Monitored intraoperative heart rate (HR), respiratory rate (RR), central temperature (CT), mean arterial
pressure (MAP), end-tidal carbon dioxide concentration (ETCO,) and arterial oxygen concentration (SPO,).

Variable t t t t, e - g
HR (bpm) 125 120 127 128 122 120 126
RR (brpm) 10 12 12 13 14 12 11

CT (°C) 37.8 37.8 37.6 37.2 37.2 37.2 37.2

MAP (mmHg) 70 72 71 75 70 68 72
ETCO, (mmHg) 45 44 50 45 43 42 43
SPO, (%) 98 97 97 98 98 97 99

Inhalation anesthesia time (minutes): £, £, #,, ., t,5 s Ly

and 7.

Table 3. Scores obtained in both cubs 5 minutes and 2 hours after delivery using the Apgar score system

(Veronesi et al., 2009).

Parameter Score 0 Score 1
HR (bpm) <180 180 to 220
Respiratory effort (brpm) <6 6to 15
Reflex irritability Absent Grimace
Intestinal motility Flaccid Some flexions
Mucosal color Cyanotic Pale
Total Apgar score

(bpm): beats per minute; (brpm): breath per minute.

Score cub 1 Score cub 2

Score 2 5 2 5 2
minutes hours minutes hours

>220 0 1 0 -

>15 1 2 0 -—-

Vigorous 1 2 0 -

mton 120 -

Pink 0 1 1 -

8 1 -
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Ethical approval

This study was conducted under a permit issued by
Ecuador’s Ministry of Environment (019-2018-IC-
FAU-DNB/MAE) and authorized by the Animal Ethics
Committee of Universidad San Francisco de Quito
USFQ (2018-011).

Discussion

Traumatic SCI is a joint emergency presentation in
feline veterinary medicine practice. In most cases,
the trauma is caused by being run over or hit by a
vehicle or falling from a height, but other causes,
such as bite wounds, are also described. The primary
injuries to the spinal cord involve T3-L3 segments
thoracolumbar region (Besalti ef al., 2002; Grasmueck
and Steffen, 2004; Voss and Montavon, 2004; Bruce
et al., 2008; Bali et al., 2009; Gongalves et al., 2009).
Although SCI can cause devastating and irreversible
damage to the nervous system, patients often present
with concurrent injuries, and clinicians must perform
a complete physical examination to stabilize life-
threatening systemic problems before focusing on
neurological examination. The basic tenants of the
ABCs (airway, breathing, circulation) should always
be the priority (Eminaga et al., 2011). Neurological
examination should be performed after the patient is
stabilized to determine the severity of the injury and the
affected spinal cord segment (Park et al., 2012). The
neurological exam should assess the animal's state of
consciousness, awareness, body position, gait, postural
reactions, muscle tone, spinal reflex, and nociception
(Garosi, 2009).

The confirmation in the initial neurological
examinations of superficial and deep nociception in
the four extremities has a good prognosis of recovery
(Webb et al., 2010; Park et al., 2012). In addition,
the prognosis for return of urinary bladder control
is good if the perineal sensation is present on initial
examination (Eminaga et al., 2011). The neurological
examination must be complemented with diagnostic
imaging techniques. Radiographs of the spine should be
obtained as part of the initial evaluation of an acute SCI.
It is essential to be aware of the possibility of multiple
spinal injuries, so it is wise to acquire radiographs of
the entire spine. It is generally more convenient to
obtain lateral radiographs as a survey, followed by
ventrodorsal views of the suspicious regions with the
animal in the lateral decubitus position, to minimize
excessive movement in any patient with suspected
spinal trauma. If anesthesia is required, extreme care
must be taken during the movement and position of
the animal for radiographs due to the associated loss
of muscle tone (Jeffery, 2010). In the present case,
radiographs could not confirm any injuries at the
thoracolumbar level and support the limited diagnostic
accuracy of radiography for acute SCI compared to
other advanced imaging, such as computed tomography
or magnetic resonance imaging (Kinns et al., 20006).

Still, its advantages include the fact that it does not
require general anesthesia (Park et al., 2012).
Confirmation of pregnancy in a patient with SCI
presents an additional obstetric challenge by
exacerbating the problems associated with the safety
of the dam and fetuses. In addition, this circumstance
conditions diagnostic techniques, medications, and
other factors related to emergency treatments (Jain
et al., 2015). Although radiographs can be used to
diagnose pregnancy and confirm the number of fetuses,
ultrasound is more accurate in determining fetal age
and readiness for delivery (Gatel et al., 2015). It is
essential to ensure that each fetus has reached, but not
exceeded, its maximum gestational age before delivery
to ensure the viability of the neonates. In domestic
cats, differentiation of the fetal intestinal layers and
intestinal peristalsis is evident in the last days of
pregnancy (Lopate, 2018). However, the accuracy of
predicting parturition by ultrasound measurement of
fetal structures decreases toward the end of gestation.
It can be even more challenging in domestic cats of
different breed sizes (Keiser et al., 2017). One of the
most influential, and widely used parameters to verify
fetal viability is ultrasound monitoring of fetal heart
rate. Fetal stress resulting from hypoxia can occur
during dystocia and manifests as a decrease in heart
rate (Gil et al., 2014; Lopate, 2018). A fetal heart rate
less than 150 beats/minutes is considered critical fetal
stress, rates of 150 to 170 indicate moderate to severe
fetal stress, while a rate greater than 180 is standard
(Traas, 2008a).

Additionally, Keiser et al. (2017) recommend the
combination of fetal ultrasound measurement with the
determination of progesterone in maternal blood as
a predictor of delivery since progesterone decreases
towards labor until reaching 3.1 £ 1.6 ng/ml on the
day of delivery in domestic cats. In our case, fetal
development (intestinal layers and peristalsis), fetal
stress (< 150 beats/minutes), dam’s low progesterone
level (2.1 ng/ml), and the absence of signs of labor were
indications of dystocia. If dystocia is confirmed, the
general condition of the dam and fetal vitality will be
decisive of whether therapy is indicated (Reichler and
Michel, 2009). Specifically, fetal values < 150 beats/
minutes indicate that a cesarean should be performed
(Traas 2008a). However, the dam should be stabilized
as much as possible before surgery, and any deficits can
be addressed before surgery (Pascoe and Moon, 2001;
Traas 2008a; Kushnir and Epstein, 2012; Robertson,
2016). Therefore, although the condition of the
ocelot was not at the limit at admission, dehydration,
hypothermia, bradypnea, hypoglycemia, or anemia
detected in the physical evaluation could be enough to
endanger the life of the dam in case of intraoperative
complications. Furthermore, fetal heart rates increased
in the first hours, initially deciding to stabilize the
patient and perform a cesarean section when fetal stress
was critical again.
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At the late pregnancy, fetal stimuli activate neural
circuits involving primary sensory nerves and
projections from the lumbosacral spinal cord into the
area of the paraventricular nucleus of the female's
hypothalamus to promote uterine cervix remodeling
(Puder and Papka 2005; Yellon et al., 2010). The cervix
must become soft, flexible, and dilated to allow fetal
expulsion from the upper vaginal cavity. However, the
transection of the afferent nerves that supply the cervix
prolongs or completely blocks parturition, suggesting
that these nerves could be part of a neurogenic
process involved in cervical changes (Higuchi et al.,
1987; Burden et al., 1990; Martinez-Goémez et al.,
1998; Collins et al., 2002). In domestic cats, a large
proportion of afferent neurons innervate the cervix.
Information from the cervix is conveyed centrally,
mainly via the pudendal and pelvic nerves (Kawatani
et al., 1990; Kawatani and De Groat 1991). Therefore,
an SCI could interrupt the afferent connections between
the uterine cervix and the hypothalamus, resulting in
non-remodeling of the cervix and consequent retention
of the fetuses and dystocia detected in the ocelot.

The Apgar score has been widely used in human
hospitals worldwide for decades as an accepted
method for assessing the viability of the newborn after
delivery (Finster et al., 2005; Li et al. 2013). This tool-
score represents a simple and feasible method for the
veterinary clinician for the effective evaluation of the
newborn, which promotes a faster and more efficient
response in case of need (Veronesi, 2016). Scoring is
done by examining the newborn's heart rate, respiratory
effort, reflex irritability, motility, and mucosal color 5
minutes after birth. Each parameter is graded from 0
to 2, and the total score determines the viability of the
neonates (Veronesi et al., 2009). Low Apgar scores
indicate lower viability of newborns and the need for
resuscitation care: neonates in critical condition have
scores from 0 to 3, moderate viability from 4 to 6, and
normal neonates obtain 7 to 10 scores (Batista et al.,
2014). Apgar score protocols have been developed
and evaluated for different domestic species (Mila et
al., 2017; Revermann et al., 2018; Bonelli et al., 2020;
Flora et al., 2020), but there are no records in wild
species. In our case, none of the newborns achieved an
Apgar score greater than three in the first 5 minutes,
so both neonates received immediate resuscitation
care. The lower score neonate died within the first hour,
while the one with the highest score increased its Apgar
score to eight at two hours after birth. These results are
in agreement with Veronesi et al. (2009), who suggest
that, although a good Apgar score did not guarantee
survival, newborns with higher scores have a survival
advantage over those with lower scores. Additionally,
early detection of unviable newborns, followed
by resuscitation attempts, could improve neonatal
survival, so it should also be considered in the obstetric
management of wildlife newborns.

The type of delivery appears to significantly
influence the neonatal Apgar score (Veronesi, 2016).
An important determinant of the lack of vitality in
newborn animals is fetal hypoxia resulting from
prolonged labor or dystocia (Mota-Rojas et al., 2018).
This is corroborated by the lower Apgar scores found
in neonates born by cesarean section than those born
by normal vaginal delivery (Silva et al., 2009; Batista
et al., 2014; Vassalo et al., 2015), and could explain
the low Apgar score detected in both newborn ocelots.
In addition, there is also an impact of the different
anesthetic drugs submitted in cesarean sections on
neonatal viability (Veronesi, 2016). The anesthesia of
pregnant animals, especially during cesarean section,
presents a challenge because the choice of therapy
must ensure a good outcome for both the fetus and the
dam. The cesarean section could be managed through
a regional anesthesia approach using a spinal block
to reduce risks. Still, general anesthesia is the only
option for potentially dangerous animals (Kushnir and
Epstein, 2012). Premedication for managing aggressive
patients minimizes maternal distress and reduces the
dose of induction and maintenance agents, helping to
reduce the exposure of fetuses to depressing drugs.
Most pregnant domestic cats respond well to opioids,
and the usual doses of these drugs provide analgesia
and sedation (Pascoe and Moon, 2001; Traas, 2008a;
Robertson, 2016). Rapid induction with an injectable
agent followed by maintenance with an inhalant agent
reduces the mortality rate compared to long induction
times administered by mask (Brodbelt et al., 2008).
Propofol is a good choice as an initial induction agent
because of the short duration of effect after a bolus
and better neurological reflex scores in newborns
(Luna et al., 2004; Traas, 2008a). Inhaled sevoflurane
maintenance is a widely accepted technique after
induction with injectable agents (Fossum et al., 2013;
Robertson, 2016; De Cramer et al., 2017). However,
despite anesthetic precautions, newborns are often
depressed after cesarean section and require intensive
care (Kushnir and Epstein, 2012).

In conclusion, veterinarians still experience higher
neonatal mortality rates among their patients than those
observed among humans. The establishment of an
assessment protocol is essential for the identification of
the clinical status of the dam, the newborn, and the need
for emergency intervention, but knowledge of reference
values in different species is fundamental to establishing
adequate treatments (Vassaloet et al., 2015; Mota-
Rojas et al., 2018). As far as we know, there is almost
no information in veterinary medicine on obstetric
data in free-ranging wild felids. Furthermore, although
there is no comparable research in the veterinary field,
our study suggests that traumatic SCI in pregnant wild
felines can result in an obstetric emergency that must
be evaluated and treated timely. Finally, the present
case report confirms the adverse effects domestic
dogs have on Ecuadorian wildlife (Zapata-Rios and
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Branch, 2016; Zapata-Rios and Branch, 2018; Diaz
et al., 2020). This has been a unique opportunity for
researchers to document the physiological effects of
predation on pregnant wildlife and highlights the need
for better control of domestic dogs.
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