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Introduction
In cats, transient myocardial thickening (TMT) represents 
a recently described clinical entity characterised by 
reversible left ventricular myocardial thickening (LVMT) 
mimicking primary hypertrophic cardiomyopathy.1,2 
Transient left atrial (LA) dilation and dysfunction lead-
ing to congestive heart failure (CHF) and increased 
cardiac troponin I (cTnI), indicating ongoing myocardial 
injury (MI),3,4 represent additional common features of 
feline TMT.1,2 Although the mechanism of this condition 
is still a subject of debate in veterinary medicine,1,2 inter-
stitial oedema due to myocarditis represents the main 

explanation of reverse remodelling of human TMT.5–8 
The term myocarditis refers to inflammatory myocardial 
infiltration associated with cardiomyocyte damage of 
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Abstract
Case series summary  In this report, we provide detailed clinical, laboratory, electrocardiographic and echocardiographic 
descriptions of two Toxoplasma gondii-positive cats diagnosed with transient myocardial thickening (TMT) and acute 
myocardial injury (MI). In both cases, aetiological diagnosis was based on the antibody screening test (all cats had 
IgM titres ⩾1:64) and MI was demonstrated by a concomitant severe increase of the serum concentration of cardiac 
troponin I (5.1–23.6 ng/ml; upper hospital limit <0.2 ng/ml). In both cats, TMT and MI were aggravated by left atrial 
dilation and dysfunction, as well as congestive heart failure. In one cat, atrial standstill was also documented, 
while the other cat showed an intracardiac thrombus. Both cats underwent an extensive diagnostic work-up 
aimed at excluding additional comorbidities that could contribute to able to contribute to TMT and MI, and 
received appropriate antiprotozoal (ie, clindamycin) and cardiovascular therapy (eg, furosemide, pimobendan 
and clopidogrel). This was followed by a simultaneous decline in T gondii serology titres, normalisation of troponin 
level and the resolution of clinical, electrocardiographic, radiographic and echocardiographic abnormalities. In the 
light of these results, therapies were interrupted and subsequent controls ruled out any disease relapse.
Relevance and novel information  Although T gondii represents an often-cited cause of myocarditis in feline medicine, 
the existing literature on the demonstration of T gondii-associated cardiac compromise in cats is extremely limited. 
Accordingly, this report provides a useful contribution to pertinent scientific literature since it describes TMT and 
acute MI in two T gondii-positive cats.
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non-ischaemic origin.9 Both infectious and non-infectious 
diseases can cause myocarditis and TMT.9,10 Infective 
agents documented during feline myocarditis and/or TMT 
include Bartonella henselae, Streptococcus canis, Sarcocystis 
felis, feline immunodeficiency virus, panleukopenia 
virus, feline coronavirus and Toxoplasma gondii.2,9,11–15 
Interestingly, although the last pathogen represents an 
often-cited cause of feline myocarditis and cats with 
TMT are often tested for T gondii infection,1,2 only one 
previous case report has described cardiac compromise in 
a cat concurrently diagnosed with clinical toxoplasmosis,13 
and published investigations on this topic are largely 
limited to necropsy reports.16,17

This report provides detailed in vivo data on two  
T gondii-positive cats with TMT complicated by acute MI 
and CHF, thus expanding our knowledge on the clinical 
features and natural history of naturally acquired cardiac 
compromise that may be observed in cats with sero
logical evidence of toxoplasmosis.

Case series description
Case 1
A young adult female domestic shorthair cat weighing 
2.3 kg from the north of Italy was presented with a 2-day 
history of weakness and anorexia. One month prior, the 
cat had been diagnosed with hyperthyroidism and 
started on methimazole (2.2 mg/cat PO q12h). The cat 
lived indoors but had free access to the outside and was 
reported to hunt mice.

At admission, physical abnormalities included men-
tal obtundation, bradycardia (heart rate 90 beats/min), 
hypotension (systolic blood pressure [SBP] 98 mmHg) 
and mild respiratory effort. On thoracic- and abdominal-
focused ultrasonographic assessment, mild pleural and 
abdominal effusion, and subjective LA enlargement 
were documented. A six-lead surface electrocardiogram 
showed atrial standstill associated with a ST-segment 
elevation, suggestive of possible concomitant myocar-
dial ischaemia (Figure 1).18 Transthoracic echocardio
graphy was subsequently performed (Figure 2, Table 1), 
which showed diffuse asymmetric LVMT, LA dilation 
with decreased LA fractional shortening, and an enlarged 
and hypokinetic LA appendage.19–21

The cat was hospitalised under continuous electro-
cardiographic monitoring and treated with furosemide 
(1 mg/kg IV q8h), pimobendan (0.25 mg/kg PO q12h) 
and clopidogrel (18.75 mg/cat PO q24h). This approach 
led to progressive clinical improvement within 12 h (the 
cat became brighter, appetite improved, respiratory effort 
decreased and SBP gradually increased [110 mmHg]). 
Moreover, the electrocardiogram documented sponta-
neous cardioversion showing a sinus rhythm with a 
normal heart rate, although the ST-segment elevation 
was still present (Figure 1). At that time, blood and urine 
were collected for tests aimed to assess the cat’s systemic 

condition (serological test for feline leukaemia virus and 
feline immunodeficiency virus, complete blood count 
[CBC], serum biochemistry, urinalysis) and to further 
investigate its cardiac status (cTnI). The cat tested negative 
for the aforementioned pathogens. Blood work showed 
increased alanine aminotransferase (189 U/l; hospital 
reference interval [HRI] 20–72), urea (139 mg/dl; HRI 
30–65), creatine kinase (CK; 1427 IU/l; HRI 91–326), serum 
amyloid A (10 µg/ml; HRI 0–5) and cTnI (5.1 ng/ml; HRI 
0–0.2). In the light of the ongoing MI and the history 
of hunting mice,3,4 further blood samples were subse-
quently obtained and sent for toxoplasmosis indirect 

Figure 1  (a) Initial six-lead electrocardiography tracing 
from case 1. Notice the lack of sinus P waves, the slow and 
regular ventricular rhythm (QRS complex duration 70 ms; 
heart rate 90 beats/min [bpm]) and the elevated ST segment 
(0.4 mV). These findings are suggestive of atrial standstill and 
myocardial ischaemia. (b) First electrocardiographic control. 
Note the re-establishment of sinus rhythm, the normal heart 
rate (200 bpm) and the persistence of ST-segment elevation. 
(c) Last electrocardiographic control. Note that sinus rhythm 
is still present and ST-segment elevation has disappeared. 
Motion and muscle artefact is also present. In each panel, the 
blue arrows help to identify QRS complexes. In the last two 
panels, blue arrowheads help to identify the sinus P waves.  
In each panel paper speed = 50 mm/s; 2 cm = 1 mV
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fluorescence antibody titres (IgM and IgG) and Bartonella 
PCR. The cat tested positive exclusively for T gondii 
(IgM and IgG titres 1/80 and 1/1280, respectively)22 and 
was started on clindamycin (9.5 mg/kg PO q12h). From 
day 3 onwards, the cat’s SBP was normal (130 mmHg) 
and effusions were not detectable. The cat was therefore 
discharged from the hospital on oral furosemide (1 mg/kg 
PO q12h) and pimobendan, clopidogrel and clindamycin 
(unchanged dosages). Daily control of resting respiratory 
rate and regular rechecks were recommended to the 
owners.

After 2 months, physical examination revealed no 
abnormalities. Electrocardiographic (Figure 1) and echo-
cardiographic measurements (Figure 3, Table 1), as well 
as cTnI concentration (0.13 ng/ml), were normalised. 
Moreover, although the IgG titre was unchanged, the 
IgM titre was halved (1:40). Clindamycin and clopidogrel 
were interrupted, and the furosemide dose was halved. 
After 1 month, the cat was clinically and echocardiograph-
ically normal. Furosemide was discontinued. After 3 

months, the cat was clinically and cardiologically stable 
compared to the previous examination. Pimobendan was 
interrupted. The cat continued to do well despite the 
interruption of cardiovascular drugs and was still alive 
10 months after presentation.

Case 2
A 5-year-old neutered female domestic shorthair cat 
weighing 4.8 kg from the north of Italy was presented 
with a 1-day history of respiratory distress. Previous 
medical history included an episode of anticoagulant 
rodenticide intoxication that was successfully treated 
medically. The cat lived indoors but had free access to 
the outside and hunted mice.

Upon presentation, clinical abnormalities were 
limited to tachypnoea (respiratory rate 72 breaths/min) 
and rapid, shallow breathing. Thoracic- and abdomi-
nal-focused ultrasonographic assessment revealed mild 
pleural and abdominal effusion, diffuse lung B lines and 
subjective LA enlargement. Thoracic radiographs showed 

Figure 2  Transthoracic echocardiography obtained at the time of presentation of case 1. (a) Right parasternal long axis  
five-chamber view. Note the left ventricular wall thickening, particularly evident at the interventricular septum level (red brace). 
(b) Right parasternal short-axis view at the aortic root level. Note the dilation of the left atrium and left atrial appendage (red 
dotted lines allow appreciation of the left atrial appendage size)

Table 1  Selected echocardiographic findings of cases 1 and 2

Parameter Case 1 Case 2 Comparison 
intervals

Reference

Admission Control Admission Control

IVSd (mm) 6.2 4.5 6 4.6 4.5*/5.2† 19
LVFWd (mm) 5.6 4 5.8 4.6 4.4*/5.1† 19
LAD 23 15 18 15 16 20
LA:Ao 2.1 1.5 1.8 1.5 <1.6 21
LAFS (%) 13 30 15 30 26 ± 10.1 20

IVSd = end-diastolic interventricular septum; LVFWd = end-diastolic left ventricular free wall; LAD = maximal left atrial anteroposterior diameter; 
LA:Ao = left atrial-to-aortic root ratio; LAFS = left atrial fractional shortening
*Reference intervals for a 2.5 kg cat
†Reference intervals for a 5 kg cat
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enlarged pulmonary veins, increased cardiac silhouette, 
mild pleural effusion and mild interstitial pulmonary 
pattern (Figure 4).

The cat was hospitalised and treated with furosemide 
(1 mg/kg IV q4h), pimobendan (0.2 mg/kg PO q12h) and 
oxygen (nasal oxygen catheter at 0.5–1 l/min). This 
approach led to a progressive clinical improvement 
within 24 h, which, in turn, allowed us to obtain blood 
samples (CBC, biochemistry and cTnI) and to perform a 
transthoracic echocardiography. Blood abnormalities 
included elevated CK (754 IU/l) and cTnI (23.6 ng/ml). 
Echocardiogram showed diffuse symmetric LVMT, LA 
dilation with decreased LA fractional shortening, an 
enlarged and hypokinetic LA appendage, spontaneous 
echo-contrast and an intra-auricular hyperechoic 

density suggestive of a thrombus (Table 1). Accordingly, 
clopidogrel (18.75 mg/cat PO q24h) and unfractionated 
heparin (250 UI/kg SC q8h) were started. Moreover, in 
the light of the echocardiographic findings and cTnI 
level, additional blood samples were sent to investigate 
the same infective diseases tested in Case 1. The cat 
showed positivity exclusively for toxoplasmosis (IgM 
and IgG titres 1:80 and 1:640, respectively). Therefore, 
clindamycin (10 mg/kg PO q12h) was prescribed. Within 
5 days, the cat was clinically stable, free fluids and lung B 
lines were undetectable; cTnI was significantly decreased 
(1.7 ng/ml). Accordingly, the cat was discharged with 
an unchanged dose of pimobendan, clopidogrel and 
heparin, and a dose of oral furosemide of 1.7 mg/kg q12h.). 
Daily control of resting respiratory rate and regular 

Figure 3  Transthoracic echocardiography obtained approximately 2 months after presentation of case 1. (a) Right parasternal 
long axis five-chamber view. Compared to Figure 2(a), note the reduction of the interventricular septum thickness (red brace). 
(b) Right parasternal short-axis view at the aortic root level. Compared to Figure 2(b), note the reduction of the size of left 
atrium and its appendage (red dotted lines allow appreciation of the left atrial appendage size)

Figure 4  Thoracic radiographs obtained in Case 2. (a) Laterolateral radiograph acquired in right recumbency. (b) Dorsoventral 
radiograph. In both projections, enlarged pulmonary veins, increased cardiac silhouette, mild pleural effusion and interstitial 
pulmonary pattern are evident
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rechecks were recommended to the owners. After 2 
months, the cat was clinically normal, the cTnI was 
within the HRI (0.02 ng/ml) and the IgG and IgM titres 
were halved (1:40 and 1:320, respectively). Moreover, 
echocardiography demonstrated normalisation of cardiac 
dimension and functional parameters (Table 1), as well 
as lack of spontaneous echocontrast and intracardiac 
thrombus. Clopidogrel, heparin and clindamycin were 
interrupted, furosemide dose was reduced to 1 mg/kg 
q12h and rechecks were organised for every 1–2 months. 
At each clinical recheck, neither physical nor echocardio-
graphic abnormalities were found. Furosemide dose 
was progressively decreased until interruption. Despite 
this, the cat continued to do well and was still alive 
10 months after presentation.

Discussion
The true incidence of toxoplasmic myocarditis (TM) in 
the general feline population is unknown,22 mainly 
because definitive diagnosis requires histological confir-
mation, obtainable at post-mortem examination or with 
endomyocardial biopsy. Since the latter is an invasive 
procedure rarely employed in feline medicine,23 the in 
vivo diagnosis of myocarditis is often presumptive in 
cats and based on anamnestic and clinical data combined 
with findings from non-invasive examinations, such as 
blood tests and echocardiography.9 Unfortunately, both 
toxoplasmosis and myocarditis are diseases character-
ised by great variability in clinical presentation; there-
fore, no consistently recognisable clinical syndrome 
exists.9,22 Similarly, no laboratory or echocardiographic 
finding can be considered specific for myocarditis, espe-
cially if interpreted individually.9 Accordingly, a rational 
approach considering all the available findings from ini-
tial evaluation and rechecks is needed to provide con-
vincing evidence of TM and guide treatment. In the cats 
in this paper cats, the hypothesis of TMT eventually due 
to TM was based on: (1) the clinical presentation charac-
terised by LVMT with CHF and elevated cTnI; (2) an 
aetiological diagnosis (ie, all cats had IgM titres ⩾1:64)22 
indicating ongoing toxoplasmosis; (3) the lack of other 
obvious causes of such a cardiac compromise; (4) a 
favourable disease course characterised by resolution of 
clinical signs, cTnI normalisation with concomitant 
decline of T gondii serology titres, cardiac reverse 
remodelling and a good long-term follow-up without 
cardiovascular medications; and (5) the fact that the 
aforementioned results were achieved only after anti-
protozoal therapy administration. A similar diagnostic 
approach has been described for clinical diagnosis of 
human,24,25 canine26 and feline TM,13 as well as for the 
diagnosis of feline TMT.1

In TM, myocardial compromise is predominantly the 
result of tachyzoite replication within cardiomyocytes. 
In the short term, this leads to myocardial inflammation; 

however, in the long term, myocardial necrosis, as well as 
myocardial and interstitial fibrosis, may also develop.22,24,25,27 
As several factors play a role in TM pathogenesis 
(eg, host species, its immune response, degree of viru-
lence of the T gondii strain and extension of cardio-
myocyte infection/injury), the clinical course is almost 
unpredictable.13,24,25 It may range from subclinical 
changes (eg, myocardial morphological/functional abnor-
malities and ST-segment deviation) to life-threatening 
complications. Concerning life-threatening complica-
tions, both cats in this report experienced CHF and one 
cat also showed an intracardiac thrombus.

The main limitation of this report is intrinsically 
related to the fact that only two subjects were included. 
The second limitation is the lack of histopathology (due 
to the improvement of the cats, which survived the dis-
ease state thanks to our management, thus precluding 
post-mortem evaluation) to conclusively confirm TM. 
Although the outcome of these cases was favourable 
and supported our diagnostic and therapeutic choices, 
it could be hypothesised that the T gondii infection was 
incidental and did not represent the primary cause of 
TMT in these cases. However, this presupposes that 
some comorbidities had arisen previously/concomi-
tantly and had triggered MI. Nevertheless, in the light 
of the extensive diagnostic work-up, this theory may be 
considered unlikely. Indeed, apart from toxoplasmosis, 
only medically controlled hyperthyroidism was found 
in one case, which is unlikely to cause a rapidly evolv-
ing TMT complicated by CHF and severely increased 
cTnI (ie, 5.1 ng/ml).28–32

Conclusions
This case report describes two cats with TMI and sero-
logical evidence of toxoplasmosis.
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