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ABSTRACT

Background: Dilated cardiomyopathy (DCM) is a multifactorial disease characterized by systolic dysfunction of myo-
cardium, affecting domestic animals like dogs, cats, and ferrets. It was sporadically described in non-domestic species,
generally as a necropsy observation. The hog-nosed skunk (Conepatus chinga) is a small mammal, carnivore, belonging
to the Mephitidae family, found in southern South America, and considered as concerned in a conservation status of the
species. The goal of this issue is report the first clinical approach of dilated cardiomyopathy in a young hog-nosed skunk,
elucidating the challenging aspects of the diagnostic, therapy, and clinical outcome.

Case: A newborn hog-nosed skunk (Conepatus chinga) was found in a farm of southern Brazil in poor nutritional and behavioral
conditions. Thirty days of nutritional supplementation based on cow’s milk, fruits and insects were necessary to recover its body
weight score and activity level. However, 2 months after adoption, the skunk showed acute dyspnea and abnormal breath sound,
decreased appetite, and loss of weight. Firstly, these signs were associated with a possible pulmonary infection or other respiratory
disease. However, the general cardiomegaly and pulmonary edema pattern observed on the thoracic radiography, changed the
clinical approach, conducting the presumptive diagnosis to congestive heart failure (pulmonary edema) caused by an unknown
cardiac disease as a dilated cardiomyopathy (CDM). An adequate physical, echocardiographic, electrocardiographic, and hema-
tological evaluation was possible only after chemical restraint by sevofluorane. Systolic heart murmur and pulmonary cracking
sounds were detected on thoracic auscultation. These findings associated to the echocardiography features of four chamber dilata-
tion, systolic (fractional shortening-FS = 9% and ejection fraction-EF= 22%) and diastolic (mitral E/A ratio = 4.93) dysfunctions,
and bilateral ventriculoatrial regurgitation (mitral and tricuspid) were highly correlated with DCM. Considering the etiologies of
CDM described in domestic species and the poor nutritional condition previously observed in the case, nutritional and idiopathic
etiologies of DCM were considered for this case. Therapy was based on furosemide at hospital (4 mg/kg subcutaneous, single
doses) and home (2 mg/kg orally, BID), enalapril maleate (0.5 mg/kg orally, every 48 h), taurine supplementation (100 mg orally,
SID), and pimobendan (0.5 mg/kg orally, BID). Clinical improvement was already observed on the second day of treatment, and
monitored for 5 months, when the skunk was completely revaluated. The second echocardiographic exam showed improvement
in systolic (FS =20% and EF = 43%) and diastolic functions (mitral E/A ratio = 2.05), tricuspid regurgitation was not observed,
and decrease the left atrial and ventricular dimensions were seen. Due to good clinical outcome, furosemide was gradually reduced
until complete withdrawal without any clinical complications or worsening. After 30 months of therapy of pimobendan, taurine,
and enalapril maleate, the skunk has good quality captive life without congestive heart failure recurrence.

Discussion: The lack of information about DCM in hog-nosed skunk turns the clinical diagnosis and therapy challenging.
However, the radiographic and echocardiographic features seamed to lead the same domestic animal patterns. The therapy
based on decrease the cardiac overload, increase the myocardial inotropic function (pimobendan and taurine) resulted
on excellent clinical and echocardiographic outcome. Although the etiologies of DCM in this species are not stablished,
the diagnostic and therapeutic approaches applied resulted on excellent clinical results, and therefore may provide useful
information about this cardiac condition in skunk species.
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INTRODUTION

Dilated cardiomyopathy (DCM) is a primary
myocardial disease characterized by reduced contracti-
lity and ventricular dilatation involving the left or both
ventricles. It is usually observed in dogs, cats [20], and
ferrets [28]. In skunks, in a 10-year investigation in a
captive environment, only 1 case in Mephitis mephitis
[3]. In fact, the lack of standard cardiac measurements in
this species and the absence of complete reports of DCM
in skunks make diagnosis and therapy challenging. Re-
ferences for diagnosis and therapy are extrapolated from
other species, such as domestic ferrets [3]. Hog-nosed
skunks (Conepatus chinga) belong to the Mephitidae
family [16], and information about cardiac diseases is
this specie was not found, so reports showing reference
data for diagnosis and/or treatment should be encouraged.
The present report aims to describe clinical signs, radio-
graphic/electrocardiographic/echocardiographic features,
and clinical outcome after therapy of a young hog-nosed
skunk diagnosed with heart failure secondary to DCM.

CASE

A newborn skunk was found alone and in a
poor nutritional condition, by a farm veterinarian.
The skunk diet was then based on cow’s milk for one
month, then fruits were gradually added daily, and
insects (crickets) added 3 times a week, resulting in
good body score recovery and normal activity level.

However, after 2 months, the skunk suddenly
developed dyspnea and abnormal breath sound, de-
creased appetite, and loss of weight. The animal was
referred to a Veterinary Hospital, with a suspect of
respiratory disease. The thoracic and abdominal radio-
graphs'? [Portable Xray: Aquila plus 300, Phillips®;
Digital reading system: Carestream Directview CR®]
showed pulmonary edema pattern and global cardiac
enlargement (Figurel). However, general anesthesia
was necessary to continue the diagnostic exploration by
echocardiography, electrocardiography, and blood tests.

Sevoflurane?® (Sevocris®) was used for chemi-
cal restraint, delivered in 100% oxygen through an
induction chamber. Once the patient loss righting reflex
and was unreactive to stimuli, it was removed from the
chamber and anesthesia was continued by face mask.

The anesthesia was indispensable to allow an
appropriated physical examination, and for proper
information obtained by echocardiography* [MyLab
Twice Vet ultrasonographic, Esaote®], electrocardi-

ography’ [vet ECGPC, TEB®], and hematology tests.
Without chemical restraint the thorax auscultation was
not possible, however, under anesthesia the left thorax
auscultation revealed a low-grade cardiac murmur (II/
VI) and tachycardia (200 bpm).

The echocardiographic evaluation confirmed a
4-chamber heart dilatation, spontaneous blood contrast
in the left ventricle (Figure 2A), and impairment of ven-
tricular contraction (Figure 2B). Adding to the clinical
signs and nonspecific findings of bidimensional images,
the diagnosis of DCM was pointed out. Diastolic dys-
function was also observed by a restrictive pattern of left
ventricle filling (Figure 3). The complete structural and
functional left ventricle echocardiographic measures of
the skunk heart are listed in Table 1.

The electrocardiogram confirmed the normal
sinus rhythm without arrhythmias (Figure 4). No
alterations in hematological parameters or biochemi-
cal dosages (alanina aminotransferase - ALT; urea
and creatinine) were seen. Therapy was initiated and
included furosemide® at hospital [Lasix® - 4 mg/kg
subcutaneous, single doses) and home [Lasix® - 2 mg/
kg orally, BID], enalapril maleate’ [Atmos® - 0.5 mg/kg
orally, every 48 h], taurine [handling pharmacy - 100
mg orally, SID], and pimobendan® [Vetmedin® - 0.5
mg/kg orally, BID]. The patient demonstrated clinical
improvement in the second day of therapy, restoring
the respiratory status and the level of activity.

Five months after the diagnosis and onset of the
therapy, the skunk showed normal growth and level of
activity, without any clinical signs of heart failure. The
patient underwent to the same protocol of anesthesia
and examinations, to get a comparative data after the
established therapy. Low-grade systolic murmur was still
noticed. The echocardiographic measurements showed a
decrease in heart dimensions and improvement on systolic
and diastolic function (Table 1). The electrocardiogram
showed respiratory sinus arrhythmia (Figure 5). Once
again, no hematological parameters alteration was seen.

Considering the good clinical outcome and
echocardiographic response to the therapy, a decrease
of furosemide was initiated, with the frequency of ad-
ministration to once a day. Pimobendan, taurine, and
elanapril prescription were maintained. After 15 days,
furosemide was prescribed only every 48 h followed
by a complete stop after twenty days. No respiratory
distress or activity level decrease was seen until the
actual time (30 months after diagnostic).
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DISCUSSION

Chemical restriction is often necessary for
exotic/wild animal proper examination and diagnostic
imaging positioning. Sevoflurane was chosen because
it has lower arrhythmogenicity when compared with
isoflurane and halothane [13], providing rapid in-
duction, recovery, and control of depth of anesthesia
[14], and shows potential cardioprotective effects [4].
The physical examination showed tachycardia, using
reference range of 140-190 bpm [11]. These clinical
signs are commonly observed in skunks with cardiac
conditions, mainly when associated with murmur [3].

Skunks were previously referred as affected by
myocardial fibrosis and myxomatous valve, and less
commonly by degeneration hypertrophic cardiomyo-
pathy and dilated cardiomyopathy [3]. As no specific
protocol for skunks were found, the echocardiographic

Figure 1. Right lateral (LLD) thoracic radiography showing the cardio-
megaly with loss of cranial limits of the heart (full arrow) and pulmonary
edema due to left congestive heart failure (empty arrow).
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examination followed the scanning protocol used in
dog and cat [27]. The findings were comparable to
those observed in dogs [20], cats [26], and ferrets [6]
affected by DCM.

In the author’s opinions the combination of
respiratory distress, cardiac mumur, cardiomegaly on
the radiographic images, and the echocardiographic
information of systolic dysfunction, associated to a
heart chamber dilatations, and ventriculoatrial regur-
gitation strongly suggest the diagnostic of DCM in
this case. The restrictive pattern of left ventricle filling
was also observed in an earlier description of DCM
in a skunk species [3], suggesting the occurrence of
diastolic dysfunction. However, the lack of standard
references for other diastolic measures in skunks, such
as left ventricle isovolumic relaxation time (IVRT),
flow propagation velocity (Vp), and mitral E/E’ratio
made the evaluation and classification of abnormalities
challenging. Despite this, the authors believe that those
measurements were abnormal.

Once the diagnostic has been defined, the se-
arch about possible etiologies of DCM involved, and
possible comorbidities became a priority to the authors
to prescribe a correct therapy. In this context, the
normality of hematological counting according to the
reference range for striped skunk [18] helped to ruled
out the differential diagnostic of bacterial pneumonia.

The idiopathic is considering the most common
etiology of CDM in dogs and ferrets [20,28]. However,
genetic factors, toxic factors, taurine deficiency [20], and
Trypanosoma cruzi infections [21] are other possible
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Figure 2. A- Bidimensional echocardiogram, left paresternal window, showing atriums and ventricles chamber enlargements and spontaneous blood
contrast seen in the left ventricle, on apical 5-chamber view. B- M-mode echocardiogram, the short axis of the right parasternal view, on the chordal
plane, showing a minimal contraction of the left ventricular free wall and interventricular septum. AO: aorta. LA: left atrium. LV: left ventricle. RA:
right atrium. RV: right ventricle.
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causes in dogs. In cats, genetic abnormalities in cardiac
fibers codifying are important cause of cardiomyopathy
[1]. In hamster, dilated and hypertrophic cardiomyopa-
thies are related to the same genetic abnormalities [25].

Considering a previous study that describes a
Conepatus chinga as a Trypanosoma cruzi host [22],
this infection should be hypothetically considered ca-
pable of result in DCM. However, cardiomyopathies
or clinical changes were not reported on those animals
hosting the parasite [22]. Skunks experimentally infec-
ted with 7. cruzi showed evidence of chronic granulo-
matous myocarditis, but minimal clinical signs [24]. In
case of Trypanosoma infection, changes in hematolo-
gical counting would also have been expected instead
the normality observed in the present case report.

Figure 3. High early (E) e low after (A) diastole waves, left paresternal
window, evidencing the restrictive pattern of left ventricle filling, on api-
cal 5 chamber view.

Considering the recent nutritional deficiency
suffered by the skunk of this case, the deficiency of
taurine was considered as an etiology of DCM. Taurine
deficiency can be an important cause of DCM in cats,
followed by idiopathic origin [19]. However, taurine
serum concentration was earlier referred as normal in a
7-year-old skunk diagnosed with DCM [3], remaining
unclear if DCM in skunks could also be caused by
taurine deficiency. In the present case, the serum con-
centration of taurine was not possible to be measured,
making hard any conclusion.

Other nutritional impairments were reported in
rats as vitamin E or choline deficiency causing cardiac
failure or myocardial injury [11]. Moreover, obesity
was related to cardiomyopathy in some strains of rats
[15] and captivity skunks [17]. In striped skunks,
L-carnitine deficiency may also be associated with
DCM [3]. As seen above, nutritional aspects may be
involved in cardiomyopathies in many rodent species,
also dogs and cats [7], prairie dogs [9], woodchucks
[2] and African hedgehog [23].

The nutritional role in DCM should still be
investigated in skunks. However, it is found that in
Andean hog-nosed skunks, up to 85% of dietary is
composed by invertebrates and up to 4% of small
vertebrates [5], making the diet highly proteic, and
noticeable different from the nutritional components
of the skunk of this case. Although DCN etiologies
are not described in the literature, the nutritional, and
idiopathic origins were considered in this case, based
on clinical history, and complementary evaluations.
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Figure 5. Skunk electrocardiogram registered in a DII derivation, sensitivity N, 25 mm/s velocity, showing respiratory sinus arrhythmia.
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Table 1. Echocardiographic structural and functional left ventricle variables observed in a skunk (Conepatus chinga) under anesthesia
with sevoflurane, showing dilated cardiomyophaty and heart failure, in a day zero and after 5 months of therapy.

Structural variables (mm) Measures (day zero) Measures (5 months)
Interventricular septum thickness in diastole 4.0 4.8
Left ventricular internal diameter in diastole 21.5 24.1

Left ventricular post wall thickness in diastole 4.0 7.2
Interventricular septum thickness in systole 4.0 4.2
Left ventricular internal diameter in systole 19.5 1.93

Left ventricular post wall thickness in systole 5.0 7.2

Aorta diameter 4.4 7.0
Left atrium diameter 14.4 12.9
LA/AOQ ratio 3.72 1.83
Functional (systolic and diastolic) variables
Ejection Fraction (%) 22 43
Fraction shortening (%) 9 20
Stroke volume (mL) 3.4 8.81
Stroke index (mL/m?) 33.5 45.1
Mitral peak velocity E wave (m/s) 0.80 0.67
Mitral peak velocity A wave (m/s) 0.16 0.33
Mitral E/A ratio 4.93 2.05
Mitral E wave acceleration time (ms) 28 ---
Mitral E wave deceleration time (ms) 57.0 95.6
Mitral regurgitation velocity (m/s) -3.69 -2.88
Mitral regurgitation gradient (mmHg) 54.5 33.1
Mitral peak velocity E* wave (m/s) -0.05 -0.12
Mitral peak velocity A’ wave (m/s) -0.02 -0.11
Mitral E’/A’ ratio 2.64 1.09
Mitral E/E’ ratio -16.33 -5.58
Tricuspid peak velocity E wave (m/s) 0.33 0.40
Tricuspid peak velocity A wave (m/s) 0.13 0.27
Tricuspid E/A ratio 243 1.49
Tricuspid regurgitation velocity (m/s) -1.6 none
Tricuspid regurgitation gradient (mmHg) 10.3 none
Aorta peak velocity (m/s) -0.47 -1.05
Aorta acceleration time (ms) 17 ---
Aorta ejection time (ms) 72.0 160.8
Pulmonary peak velocity (m/s) -0.31 -0.84
Pulmonary acceleration time (ms) 39 ---
Pulmonary artery systolic pressure (mmHg) 25.3 -
Isovolumic relaxation time (ms) 44.0 70.3
Left ventricular flow propagation velocity (m/s) 0.32 -
Myocardial performance index 1.18 1.50
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Therefore, therapy was initiated, including
furosemide at hospital [4 mg/kg subcutaneous, single
doses] and home [2 mg/kg orally, twice a day], enala-
pril maleate [0.5 mg/kg orally, every 48 h], taurine [100
mg per day], and pimobendan [0.5 mg/kg, twice a day].
The dosages were adapted from ferrets [12,28], and
well tolerated by the skunk. The patient demonstrated
clinical improvement in the second day of therapy,
restoring the respiratory status and the level of activity.

Five months after the diagnosis and onset of
the therapy, the skunk showed normal growth and level
of activity, without any clinical signs of heart failure.
Low grade systolic murmur was still noticed. The echo-
cardiographic measurements showed decrease in heart
dimensions and improvement on systolic and diastolic
function (Table 1). Those findings are also observed
in dogs with DCM [8] and myxomatous mitral valve
disease [29] treated with pimobendan. The reduction
of overload volume and improvement of cardiac global
function, imposed by therapy, resulted in absence of
tricuspid regurgitation, probably secondary to the
decrease of pulmonary arterial and venous pressures.

The electrocardiogram showed respiratory
sinus arrhythmia (Figure 5), indicating the restora-
tion of the autonomic balance by the increase of the
parasympathetic and decrease of sympathetic tonus
after the reduction of the heart failure compensatory
mechanisms activation [10].

Considering the good clinical outcome and
echocardiographic response to the therapy, a decrease
of furosemide was initiated, with frequency of admi-
nistration to once a day. Pimobendam, taurine, and
elanapril prescription were maintained. After 15 days,

furosemide was prescribed only every 48 h, follow by
complete stop after 20 days. No respiratory distress or
activity level decrease was seen until the actual time
(30 months after diagnostic).

Most of the cardiovascular diseases reported
in skunks are limited to experimental models, wildlife
necropsy, and anecdotal reports. Although there are
few reports about DCM in skunks, cardiac diseases
seemed to be clinically relevant in captivity striped
skunk population, especially those from Mephitis gen-
der. No references were found regarding Conepatus
gender, so authors believe this is the first report in this
species. Future studies will help to properly elucidate
the etiology of this disease in skunks. Acquisition of
reference values for the species will help to improve the
diagnosis. Although challenging due to lack of referen-
ces for skunks, the diagnostic and therapeutic approach
achieved excellent results and should be disclosed.
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