
Academic Editor: Ryou Tanaka

Received: 3 July 2026

Revised: 24 July 2026

Accepted: 30 July 2026

Published: 4 August 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Case Report

Mitral Valve Dysplasia Leading to Congestive Heart Failure in a
Male Squirrel Monkey (Saimiri boliviensis boliviensis)
Carlotta Valente 1,* , Carlo Guglielmini 1 , Francesca Zanusso 1, Massimiliano Tursi 2 , Laura Voltan 3,
Giulia Maria De Benedictis 1 and Helen Poser 1

1 Department of Animal Medicine, Production and Health, University of Padua, Viale dell’Università 16,
35020 Legnaro, Italy; carlo.guglielmini@unipd.it (C.G.); francesca.zanusso@unipd.it (F.Z.);
giuliamaria.debenedictis@unipd.it (G.M.D.B.); helen.poser@unipd.it (H.P.)

2 Department of Veterinary Sciences, University of Turin, Largo Paolo Braccini 2, 10095 Grugliasco, Italy;
massimiliano.tursi@unito.it

3 Valcorba Zoological Park, 35020 Pozzonovo, Italy; lauravoltan20@gmail.com
* Correspondence: carlotta.valente@unipd.it

Simple Summary

Squirrel monkeys (Saimiri species) are commonly housed in zoological collections and
research facilities, where heart disease is considered an important cause of illness and death,
especially in older animals. Heart disease in this species is most commonly related to aging,
while congenital heart defects are rarely described. This report describes the case of an 11-
year-old male black-capped squirrel monkey (Saimiri boliviensis boliviensis) that developed
severe respiratory distress, abdominal enlargement caused by fluid accumulation, limb
swelling, and collapse episodes. Clinical examination and advanced cardiac ultrasound
revealed a severe malformation of the mitral valve. The abnormal valve structure caused
severe mitral regurgitation, leading to congestive heart failure. Despite medical treatment,
the animal’s condition progressively worsened and euthanasia was elected. Post-mortem
examination confirmed a congenital malformation of the mitral valve characterized by
abnormal or absent supporting structures of the valve. To the authors’ knowledge, this is
the first report of this congenital heart defect in a squirrel monkey. This case expands the
current knowledge of cardiovascular diseases affecting non-human primates and highlights
the importance of cardiac imaging for the diagnosis of rare heart disorders in exotic species.

Abstract

Acquired cardiovascular diseases are recognized as a major age-related cause of morbid-
ity and mortality in captive squirrel monkeys (Saimiri spp.). An 11-year-old intact male
black-capped squirrel monkey (Saimiri boliviensis boliviensis) was presented following a
syncopal episode associated with respiratory distress, abdominal distension, and peripheral
edema. Upon presentation, the animal appeared thin and debilitated. Physical examination
revealed respiratory distress with paradoxical breathing, abdominal distension, peripheral
edema of the hind limbs, and hypothermia. Thoracic auscultation identified a loud systolic
murmur over the left hemithorax and diffuse pulmonary crackles. Thoracic radiographs
demonstrated severe cardiomegaly and perihilar pulmonary interstitial pattern consistent
with cardiogenic pulmonary edema. Two-dimensional echocardiography revealed hyper-
echoic papillary muscles, thickened and restricted mitral valve leaflets, and shortened
chordae tendineae with secondary severe left atrial and ventricular dilation. Doppler echocar-
diography demonstrated severe mitral regurgitation. Congestive heart failure secondary to
mitral valve dysplasia was diagnosed. Treatment with diuretics and vasodilators resulted
in transient clinical improvement followed by rapid deterioration of the patient’s condition;

Animals 2026, 16, 2402 https://doi.org/10.3390/ani16152402

https://crossmark.crossref.org/dialog?doi=10.3390/ani16152402&domain=pdf&date_stamp=2026-08-04
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/animals
https://www.mdpi.com
https://orcid.org/0000-0002-0189-7812
https://orcid.org/0000-0001-7575-3646
https://orcid.org/0000-0003-4258-5775
https://orcid.org/0000-0002-8422-6829
https://orcid.org/0000-0003-2323-7708
https://doi.org/10.3390/ani16152402


Animals 2026, 16, 2402 2 of 9

therefore, euthanasia was elected. Gross pathological and histopathological examinations
revealed thickened and irregular mitral valve leaflets with hypoplastic chordae tendineae
associated with severe left-sided cardiac enlargement. To the authors’ knowledge, this
is the first report describing mitral valve dysplasia in an adult squirrel monkey. This
report expands the spectrum of cardiovascular diseases described in squirrel monkeys and
highlights the importance of advanced cardiac imaging in the diagnosis of rare congenital
cardiac defects in non-human primates.

Keywords: atrioventricular valve dysplasia; congenital heart disease; echocardiography;
non-human primates

1. Introduction
Squirrel monkeys (Saimiri spp.) are small neotropical primates belonging to the

family Cebidae and are widely distributed throughout Central and South America. Due to
their manageable size, social behavior, and physiological similarities to humans, squirrel
monkeys (Saimiri boliviensis), particularly the subspecies Saimiri boliviensis boliviensis, are
commonly housed in zoological collections and have historically been used as animal
models in biomedical research [1].

Several diseases affecting captive squirrel monkeys have been described, including
infectious, metabolic, degenerative, and cardiovascular disorders [2–4]. A squirrel monkey
typically lives about 15–20 years in captivity, and age-related diseases are particularly com-
mon in captive populations due to increased life expectancy under human care. Frequently
reported conditions include chronic renal disease, diabetes mellitus, obesity, degenerative
joint disease, and cardiovascular pathology [5–8]. In aged squirrel monkeys, cardiovascular
diseases is a leading cause of illness and death, involving degenerative conditions, while
congenital heart diseases are rarely reported [9–11].

Mitral valve dysplasia (MVD) is a rare congenital heart defect characterized by the
abnormal development of the mitral valve structures that can lead to mitral regurgitation
and congestive heart failure (CHF) [12], and although well documented in dogs and
cats [13–15], it is infrequently reported in non-human primates [16].

The present report describes the clinical, radiographic, echocardiographic, gross patho-
logical, and histopathological findings of MVD leading to CHF in an adult black-capped
squirrel monkey (Saimiri boliviensis boliviensis). To the authors’ knowledge, this represents
the first documented case of MVD in this species.

2. Case Presentation
2.1. Clinical Report

An 11-year-old intact male squirrel monkey (Saimiri boliviensis boliviensis) weighing
0.77 kg, housed at the Parco Faunistico Valcorba (a zoological park, Italy), was referred to
the Veterinary Teaching Hospital of the University of Padua with a two-week history of
respiratory distress, abdominal distension, peripheral edema and a syncopal episode.

On physical examination, the animal was debilitated and underconditioned (body
condition score = 2/9). Coat quality was poor, with alopecic areas involving the tail and
multiple cutaneous lesions. Mucous membranes were pink with a normal capillary refill
time. The monkey was polypneic (50 breaths/min) and exhibited paradoxical breathing.
Abdominal palpation revealed marked distension with a positive fluid wave consistent
with ascites. Bilateral hind limb edema and hypothermia (T = 34 ◦C) were also evident.
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Thoracic auscultation identified a loud left apical systolic murmur (grade IV/VI), with a
heart rate of 130 bpm and diffuse pulmonary crackles.

Right lateral and dorsoventral thoracic radiographs were obtained in the awake animal
(Figure 1). Both projections revealed generalized moderate-to-severe cardiomegaly, with a
vertebral heart score of 10.6 vertebrae (v) (reference interval for right lateral vertebral heart
score: 8.5–9.3 v [17]). Prominent pulmonary vessels and perihilar pulmonary interstitial
pattern were also observed. Furthermore, increased soft tissue opacity ventrally and
mild retraction of the caudal lung lobe, as well as decreased abdominal serosal contrast,
suggested mild pleural effusion and severe abdominal effusion, respectively.

 

 

Figure 1. Thoracic radiographies: right lateral view (A) and dorsoventral view (B). Left-sided
cardiomegaly is evident (vertebral heart score = 10.6 v, reference range = 8.5–9.3 v) resulting in dorsal
displacement of the trachea and left mainstem bronchus (arrowheads). Prominent pulmonary vessels
and a moderate perihilar interstitial pulmonary pattern are suggestive of cardiogenic pulmonary
edema. Increased soft tissue opacity ventrally and mild retraction of the caudal lung lobe suggest the
presence of a small volume of pleural effusion. Decreased abdominal serosal detail is consistent with
a large volume of abdominal effusion.

Transthoracic echocardiography, including two-dimensional, M-mode, color Doppler,
and spectral Doppler imaging, was performed following mask induction with sevoflurane
in 100% oxygen at a fresh gas flow rate of 0.7 L/min. Anesthesia was maintained with
sevoflurane in 100% oxygen, and physiological parameters were continuously monitored,
with peripheral oxygen saturation (SpO2) remaining consistently high (97–100%). The mon-
key was positioned in right and left lateral recumbency. Simultaneous electrocardiographic
monitoring was recorded throughout the examination.

Two-dimensional echocardiography revealed the restricted motion of the mitral valve
leaflets during both systole and diastole, consistent with Carpentier type IIIa classifica-
tion [18], reduced diastolic excursion, shortened chordae tendineae, and hyperechoic papillary
muscles with secondary severe LA and left ventricular enlargement (Figure 2).

Subjective right atrial and right ventricular dilation were also observed. The left
atrial diameter (LA), measured from a right parasternal short-axis view at the heart base,
was 17.2 mm (reference interval: 5.60–7.62 mm [10], with a left atrial-to-aortic root ratio
(LA:Ao) of 4.1 (reference interval: 1.28–1.50)). M-mode echocardiography demonstrated
increased left ventricular internal diameter in diastole (LVIDd = 13.6 mm; reference interval:
7.59–10.41 mm [10]).
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Figure 2. Two-dimensional echocardiographic images obtained from the right parasternal long axis
view showing the left cardiac chambers and mitral valve in early diastole (A) and systole (B). (A) There
is thickening and reduced opening of the mitral valve leaflets (arrowheads) in early diastole and
(B) direct attachment of the posterior mitral valve leaflet to the papillary muscle (arrow). Severe left
atrial enlargement is also evident. LA: left atrium; LV: left ventricle; PM: posterior papillary muscle.

Color flow and spectral Doppler interrogation demonstrated moderate-to-severe
mitral regurgitation associated with increased early diastolic transmitral flow velocity
(mitral valve E-wave velocity = 1.91 m/s; reference interval: 0.52–0.89 m/s). This finding
supports the presence of a severe volume overload and elevated LA pressure associated
with a peak pressure gradient of 14.7 mmHg, suggesting concurrent hemodynamically
significant mitral stenosis. Moderate tricuspid regurgitation was also detected, with a peak
systolic velocity of 2.97 m/s corresponding to an estimated systolic pressure gradient of
35 mmHg. Color and spectral Doppler interrogation of the Left Ventricle Outflow Tract
(LVOT) and aorta evidenced laminar flow with a peak velocity of 1.25 m/s, and a peak
gradient of 6.29 mmHg. Additional findings included mild pleural effusion and caudal vena
cava distension without appreciable respiratory variation in diameter. Frequent ventricular
premature complexes were observed during echocardiography and subsequently confirmed
by six-lead electrocardiography.

Based on the clinical and echocardiographic findings, MVD and CHF were suspected.
Medical treatment consisting of furosemide (2.4 mg PO q12h), benazepril (0.3 mg PO q12h),
and spironolactone (2.5 mg PO q24h) was initiated. An initial improvement in respiratory
rate and peripheral edema was observed; however, the clinical condition progressively
deteriorated after 41 days, and euthanasia was ultimately elected for by the owner.

2.2. Gross and Histopathological Findings

At necropsy, the heart exhibited marked left atrial enlargement with severe dilation
of the pulmonary veins. Moderate enlargement of both ventricles and mild-to-moderate
dilation of the right auricle were also observed. Gross examination revealed diffusely
reddish, congested and edematous lungs with the presence of pink frothy fluid within the
tracheobronchial lumen, consistent with pulmonary edema. On longitudinal sectioning
of the LA and left ventricle through the mitral valve and the left ventricular outflow
tract, severe hypoplasia of the mitral chordae tendineae was evident, with the thickened
and irregular mitral valve leaflets appearing almost directly attached to recognizable
papillary muscles (Figure 3A). A focal whitish fibrous thickening was observed along the
left ventricular endocardial surface, extending from the interventricular septum toward
the region below the aortic valve. This lesion was associated with abnormal muscular
trabeculations extending from the papillary muscle region to the interventricular septum
(Figure 3B). No significant gross abnormalities were detected in the tricuspid, pulmonic, or
aortic valves.
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Figure 3. Internal view of the left heart in a squirrel monkey with mitral valve dysplasia, caudal view.
(A) Severe left atrial dilatation (1); severe hypoplasia and aplasia of the mitral chordae tendinae (2),
with irregular and thickened mitral valve leaflets (3) appearing to be directly attached to identifiable
papillary muscles (4). (B) A fan-like arrangement of muscular trabeculae (5), arising from the endocar-
dial surface of the lateral wall and interventricular septum and extending toward the interventricular
septum just below the aortic valve, associated with a coarse whitish fibrous thickening (7), located
ventral to the aortic valve (6).

Gross examination revealed mild hepatomegaly and moderate abdominal effusion,
with no other gross abnormalities identified.

Histopathological examination confirmed severe hypoplasia and aplasia of the mitral
chordae tendineae, associated with the persistence of immature myxoid connective tissue within
the valve leaflet (Figure 4A). Moderate diffuse cardiomyocyte hypertrophy affecting both
ventricles and the interventricular septum was also present, consistent with chronic cardiac
remodeling. The whitish subaortic fan-like structure was composed of focal fibrous endocar-
dial thickening (Figure 4B). Pulmonary histological findings included severe diffuse alveolar
edema, multifocal moderate non-suppurative lymphoplasmacytic interstitial pneumonia, and
mild multifocal alveolar emphysema. Additional findings included mild diffuse hepatic
congestion and multifocal marked mineralization of the renal cortical tubular epithelium.

 
Figure 4. Photomicrographs of section of the left ventricle. (A) Histological examination revealed
marked leaflet thickening associated with failure of normal valvular stratification and persistence of
immature myxoid connective tissue within the valve leaflet. There are extensive myxoid changes in
the posterior mitral valve leaflet (1), severe hypoplasia of the chordae tendineae (2), papillary muscle
(3), and the lateral wall of the left ventricle (4). (B) Histological examination of the fan-like structure
along the endocardial surface of the left ventricular interventricular septum. The structures were
composed of well-differentiated fibrous tissue (arrow), shown using H&E staining.
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Based on gross and histopathological findings, a diagnosis of MVD characterized by
hypoplasia and aplasia of the chordae tendineae with secondary eccentric left ventricular
hypertrophy, LA dilation, and CHF was established.

3. Discussion
Mitral valve dysplasia is a congenital malformation resulting from abnormal embry-

ological development of the mitral valve apparatus, including the valve leaflets, chordae
tendineae, papillary muscles, and annulus. This developmental abnormality is thought to
occur during embryogenesis, potentially due to alterations in the normal delamination
process involved in atrioventricular valve formation [19]. These structural abnormalities
result in varying degrees of mitral regurgitation, volume overload, cardiac remodeling,
and, in severe cases, CHF. Although MVD has been extensively described in dogs and, less
frequently, in cats, reports in non-human primates are exceedingly rare [20].

Cardiovascular disease represents a major cause of morbidity and mortality in captive
monkeys, particularly in aged individuals. Previous studies have described predomi-
nantly acquired and degenerative lesions, including myocardial fibrosis, arteriosclerosis,
cardiomyopathy, valvular degeneration, and heart failure in several monkey species, in-
cluding squirrel monkeys [9,21–25]. In contrast, congenital cardiac disorders have only
sporadically been reported in non-human primates, and descriptions of congenital valvular
dysplasia are exceptionally uncommon.

The present case demonstrated a strong correlation between the clinical, echocardio-
graphic, and pathological findings. The initial clinical presentation of the animal was
consistent with decompensated cardiogenic shock. The normal resting heart rate for a
squirrel monkey typically ranges between 200 and 300 bpm [11], and tachycardia is the
expected compensatory response in the early stage of CHF. On initial physical examination,
the concurrent presence of hypothermia and bradycardia may indicate a failure of compen-
satory mechanism and a progression toward a decompensated stage of cardiogenic shock,
reflecting a severe cardiovascular compromise.

Echocardiography identified hallmark features consistent with congenital MVD, in-
cluding shortened chordae tendineae, thickened and restricted mitral leaflets, papillary
muscle abnormalities, and severe mitral regurgitation with marked left-sided cardiac
enlargement. These findings were subsequently confirmed at necropsy and by histopatho-
logical examination, which additionally revealed the persistence of immature myxoid
connective tissue throughout the valve leaflet.

The near-direct insertion of the mitral valve leaflets onto the papillary muscles ob-
served in this case is consistent with a severe developmental malformation of the sub-
valvular apparatus and likely represented the principal anatomical substrate for valvular
incompetence. Similar lesions have been described in dogs with congenital MVD and are
associated with restricted leaflet mobility and severe regurgitation [26]. The marked left
atrial enlargement and eccentric left ventricular hypertrophy documented, both echocar-
diographically and at post-mortem examination, were consistent with chronic volume
overload secondary to longstanding mitral insufficiency [13,15,26]. Likewise, the pres-
ence of ventricular premature complexes may have reflected myocardial remodeling and
electrical instability associated with chronic cardiac dilation and hypertrophy [27].

Another noteworthy finding was the presence of abnormal muscular trabeculations as-
sociated with focal subaortic fibrous endocardial thickening. Although echocardiographic
findings suggesting fixed or dynamic LVOT obstruction were not detected echocardio-
graphically, these lesions may represent primary congenital malformations or secondary
remodeling changes induced by chronic abnormal traction forces within the malformed mi-
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tral valve apparatus. Similar subvalvular fibrous lesions have occasionally been reported in
association with congenital mitral valve disease in domestic animals and humans [28–30].

The pulmonary edema, pleural effusion, ascites, and peripheral edema observed in
this monkey were consistent with advanced CHF involving both the left and right sides
of the heart. Right-sided involvement was further supported by the echocardiographic
detection of moderate tricuspid regurgitation associated with right atrial and ventricular
dilation and caudal vena cava distension. Similar sequelae, secondary to chronic severe
mitral regurgitation resulting from either MVD or acquired myxomatous mitral valve
disease, are commonly reported in companion animals [31]. Thus, the severe mitral valve
dysfunction and marked left atrial enlargement observed in the present case support the
hypothesis that post-capillary pulmonary hypertension developed secondary to chronic
left-sided heart disease and contributed to the observed right-sided cardiac remodeling and
clinical manifestations [32]. However, the concurrent presence of interstitial pneumonia and
alveolar emphysema also suggests the possibility of a concomitant pre-capillary component
contributing to pulmonary hypertension [31].

In human medicine, medical treatment of primary mitral regurgitation plays a limited
role and is mainly aimed at managing complications such as CHF and arrhythmias, partic-
ularly atrial fibrillation. Surgical intervention is generally recommended for symptomatic
patients and for asymptomatic individuals who develop left ventricular dysfunction [33].
In small animal practice, surgical mitral valve repair is available only in specialized centers
and is therefore infrequently performed, whereas medical therapy is commonly used to
stabilize animals with CHF [34]. In the present case, medical treatment was instituted
following the diagnosis of CHF; however, it failed to achieve long-term control of the
clinical signs.

Interestingly, despite the severity of the anatomical abnormalities, the animal survived
until adulthood before developing overt CHF. This finding suggests the presence of pro-
longed hemodynamic compensation followed by progressive cardiac decompensation later
in life. A similarly delayed clinical presentation has occasionally been reported in dogs
affected by congenital mitral valve abnormalities, particularly in cases characterized by
slowly progressive volume overload [15]. In the present case, concurrent myxomatous
degeneration of the mitral valve leaflets may have further exacerbated valvular dysfunction
and contributed to the eventual onset of clinical heart failure.

This case highlights the diagnostic value of transthoracic echocardiography for the
ante-mortem identification of congenital cardiac defects in non-human primates. Despite
the limited availability of species-specific reference data for exotic mammals, echocardio-
graphic examination allowed accurate characterization of the mitral valve abnormalities
and their hemodynamic consequences, findings that were subsequently confirmed by
pathological examination.

4. Conclusions
This report expands the spectrum of congenital cardiovascular diseases recognized in

squirrel monkeys and documents the description of MVD in a squirrel monkey (Saimiri bo-
liviensis boliviensis). Congenital MVD should therefore be considered among the differential
diagnoses in captive non-human primates presenting with cardiac murmurs, cardiomegaly,
or signs of CHF. Furthermore, this case emphasizes the value of integrating clinical, echocar-
diographic, and pathological findings to achieve an accurate diagnosis and comprehensive
characterization of rare cardiac disorders in exotic species.
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