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causes). In large breed dogs DCM is the main cause of 
congestive heart failure (CHF) and sudden cardiac death 
(Walker et al. 2021; Wess 2022). Conventional pharmaco-
logical treatments aim to limit the clinical consequences of 
inadequate pump function, but they are unable to halt myo-
cardial deterioration in both humans and dogs. Drugs such 
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(such as arrhythmia or tachycardia-induced cardiomyopa-
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Abstract
In large breed dogs, dilated cardiomyopathy (DCM) is the main cause of congestive heart failure (CHF) and sudden car-
diac death. The underlying etiology of DCM is usually not definitively identified; however, in predisposed breeds a heredi-
tary etiology is often suspected. Other etiologies, such as toxins and infections, have also been documented or suspected 
to cause DCM in dogs. Conventional drug treatment cannot reverse disease progression but can only control the signs 
of heart failure as they occur. Cytoprotective gene therapy with Vascular Endothelial Growth Factor-B167 (VEGF-B167) 
has been shown to be an effective alternative therapy that can halt disease progression in preclinical experimental studies 
in dogs. This study reports the long-term clinical and echocardiographic follow-up of a 6-year-old St. Bernard dog with 
DCM treated with intracoronary administration of VEGF-B167 gene delivered by adeno-associated viral vectors (AAV- 
VEGF-B167). Monitoring was performed at 1, 3, 6, 9, 12, 18, 24 and 36 months post-procedure (T0-T8) including clinical, 
laboratory and instrumental examinations. The dog reached T8 in good clinical condition. Comparing echocardiographic 
parameters from T0 to T8, ejection fraction (EF%) did not worsen, indeed showing potential improvement (30% to 38% 
from T0 to T8 respectively) (Simpson method). Other parameters of disease progression varied minimally over the course 
of the study. From T0 to T8, no relevant change in medical therapy was necessary. The dog survived 341 days from the 
last follow-up and died of sudden death 1436 days after the procedure (T0). A survival time of 4 years in good health 
is an excellent outcome suggesting a possible protective role of VEFG-B167 in slowing disease progression in this dog.
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as pimobendan, furosemide, angiotensin-converting enzyme 
inhibitors, peripheral vasodilators, and other diuretics are 
used (Shen et al. 2022). Therefore, researchers' interest has 
focused on new and innovative therapies, such as gene and 
cell therapy, to directly treat the myocardium rather than the 
consequences of heart failure. The application of gene ther-
apies to treat cardiomyopathies has recently been compared 
to a potential “revolution” in human medicine, changing the 
treatment landscape from a largely reactive treatment para-
digm aimed at limiting complications to a proactive para-
digm that may be curative (Argiro et al. 2024).

In this respect, gene therapy is based on a gene transfer 
targeting known molecular alterations that occur in cardiac 
cells and can’t be reversed by conventional pharmacologi-
cal agents (Woitek et al. 2015). The therapeutic gene must 
code for a molecule that plays a critical role in the patho-
genesis of the disease, promoting improved contractility 
and delaying progression (Greenberg 2017). Patients with 
DCM have been found to have cardiomyocyte changes such 
as fragmented DNA, implying that apoptosis is involved in 
the pathogenesis of DCM (Narula et al. 1996). Recently, our 
research group has tested gene therapy in dogs with DCM 
(Paradies et al. 2019). It consisted of a mini-invasive pro-
cedure of coronary artery catheterization for the infusion of 
adeno-associated viral vectors carrying the gene for the vas-
cular endothelial growth factor- B167 (AAV-VEGF-B167), 
a known cytoprotective and anti-apoptotic factor (Li et al. 
2008).

The present study reports the long-term monitoring and 
outcome of one of the DCM dogs treated with AAV-VEGF-
B167. The patient was followed until spontaneous death and 
disease progression was documented by clinical, echocar-
diographic and laboratory examination.

Case presentation

A 6-year-old male St. Bernard dog weighing 80  kg, was 
brought to the teaching hospital of the Veterinary Campus, 
University of Bari, for episodes of syncope, respiratory 
distress and abdominal enlargement. Based on clinical and 
instrumental exams, ventricular dilation and atrial fibrilla-
tion (AF) was diagnosed. Dietary history reported mixed 
commercial dry maintenance food with supplementation of 
homemade food. The dog was treated for AF with digoxin 
in monotherapy initially at 0.22 mg/m2 q12h, later adjusted 
based on digoxinemia, and with pimobendan 0.25  mg/kg 
q12h, furosemide 2 mg/kg q12h, benazepril 0.5 mg/kg q12h 
and spironolactone 2  mg/kg q24h reaching the complete 
remission of clinical signs over the following two months.

In agreement with the owner, the dog was recruited 
into the cytoprotective intracoronary gene therapy study 

(Ministerial Authorization No. 180946122 of May 2016) 
that included 10 dogs with clinical DCM (Paradies et al. 
2019). Median survival time of the ten dogs included in 
the study was 500.5  days (media 546.5  days) (unpub-
lished data). The present case report describes the patient 
with the longest survival time and the most complete set 
of measurements, including molecular ones. Diagnosis 
of primary DCM was based on the presence of ventricu-
lar hypokinesis in the absence of other identifiable causes 
or congenital or acquired cardiovascular diseases. Based 
on echocardiographic and ECG exams, we assessed major 
criteria such as left ventricular ejection fraction (EF) < 40% 
and fractional shortening (FS) < 20–25%, end-diastolic 
volume index (EDVI) > 100  ml/m2, end-systolic volume 
index (ESVI) > 30  ml/m2, sphericity index (SI) < 1.65, 
as well as other minor criteria such as the presence of an 
arrhythmia, atrial fibrillation, increased E-septum point 
(EPSS) > 7–12  mm, left atrium-to-aorta diastolic diameter 
ratio (LA/Ao) > 1.6. By assigning 3 points to each major cri-
terion and 1 point to each minor criterion, a total score of 
6 or more was considered pathologically significant (based 
on the score system proposed by Dukes-McEwan et al. 
2003). Two ventricular ectopias within 5 min, measured by 
ECG, and/or > 100/24 h detected by Holter were considered 
abnormal. Dogs suspected of tachycardia-induced myo-
cardiopathy (TCIM) were also enrolled. Exclusion criteria 
were concomitant diseases such as hypothyroidism, cardio-
pulmonary filariasis, myocarditis, pulmonary hypertension, 
diabetes, myasthenia gravis and pregnancy. Conventional 
medical therapy of DCM was used to achieve the best clini-
cal control and was standardized for all patients at least one 
month prior to the gene delivery procedure.

Before the procedure, the owner signed the informed 
consent and blood tests (whole blood count, biochemistry, 
electrophoresis, urinalysis, digoxinemia and cardiac tropo-
nin measurement), X-ray, ECG and echocardiography were 
performed. The procedure (T0) was carried out after the 
reversal of clinical signs with medical therapy and when the 
patient was considered clinically stable.

In particular the dog of this case, at the time of the pro-
cedure was in treatment with pimobendan 0.25 mg/kg q12h, 
digoxin 0.17  mg/m2 q12h, furosemide 1.5  mg/kg q12h, 
benazepril 0.5 mg/kg q12h, spironolactone 2 mg/kg q24h. 
He was in good clinical condition with controlled AF at a 
mean heart rate of 73 bpm. The procedure was performed, 
as previously described (Woitek et al. 2015; Paradies et al. 
2019), under general anesthesia with mechanical ventila-
tion and monitoring of vital parameters (i.e. ECG, SpO2, 
blood pressure). The anesthesia protocol included sedation 
with methadone 0.3 mg/kg/IM followed by lidocaine 1 mg/
kg/IV, midazolam 0.3 mg/kg/IV and propofol IV to effect. 
After intubation, anesthesia was maintained with isoflurane 
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and lidocaine infusion at 30–50 μg/kg/min to prevent major 
arrhythmias. To obtain a complete patient’s immobility, 
during the catheterization of the coronary artery a bolus of 
rocuronium, a short-acting neuromuscular blocker (0.3 mg/
kg), was administered. The Seldinger technique was used 
to insert an arterial line. A guiding catheter (Launcher 
Medtronic, USA) was introduced through the right femoral 
artery under fluoroscopic guidance. The left circumflex and 
anterior descending branches were selectively catheterized 
using a micro-infusion catheter (Finecross MG, Terumo 
Europe). 20  ml of a mixture of AAV serotype 9 (AAV-9, 
at a titer of 1012 pfu/ml) carrying VEGF-B in a buffered 
solution containing 3  ng/kg adenosine, 5  ng/kg substance 
P and 1 μg/kg nitroglycerine were slowly inoculated by a 
syringe pump over 20 min, followed by a 10-min flush with 
saline. These vasoactive substances were used to increase 
myocardial capillaries permeability and to reduce the flow 
through the coronary artery for some seconds. After injec-
tion, the catheter was removed and the right femoral artery 
was closed. Indeed, thanks to collateral circulation, dogs 
can fully meet the needs of the tissues physiologically sup-
plied by the femoral artery.

During the intra-operative phase, the dog manifested 
some premature ventricular complexes (PVCs) that reversed 
spontaneously after catheter removal. They were prob-
ably due to the myocardial reaction to the catheter. After 
the procedure the dog remained in hospital under clinical 
and instrumental monitoring for 72 h (ECG, blood pressure 
measurement, blood electrolytes concentration measure-
ment). Three to six hours after awakening from anesthesia, 
the dog showed a new abnormal rhythm on ECG. An idio-
ventricular rhythm developed that reversed spontaneously 
within 48 h without treatment (see in Paradies et al. 2019 
Fig. 2, dog 5). In addition, in the immediate postoperative 
period, the dog developed a haematoma at the entry site of 
the catheter in the right hind limb, which resolved spontane-
ously in a few days with a compression bandage.

Antimicrobial therapy was prescribed at hospital dis-
charge, (ceftriaxone 20  mg/kg BID for 6–7  days) along 
with cardiologic pre-procedure therapy. One week after the 
procedure (first post procedure check) the clinical and hae-
mato-chemical conditions of the dog were similar to those 
in the pre-procedure phase.

Serial monitoring was performed at 1 (T1), 3 (T2), 6 
(T3), 9 (T4), 12 (T5), 18 (T6), 24 (T7) and 36 (T8) months 
post-procedure and included clinical, laboratory and instru-
mental examinations (ECG, echocardiogram). After the last 
follow-up, the dog was visited monthly until his death at 
the GP practice, thus monitoring the patient’s clinical status. 
The dog was clinically stable throughout the study, and he 
was maintained on standard medical treatment without the 
need for posology changes; he had normal hematobiochem-
ical parameters and the digoxin serum concentration was 
within the reference range (Table 1). For echocardiographic 
monitoring, standard parameters like EF, ESVI and EDVI 
were calculated in B-mode using the Simpson method from 
the left apical four chamber view and FS in M-mode. Other 
parameters that were studied were SI, EPSS, LA/Ao and 
diastolic pattern, velocity of mitral and tricuspidal regurgi-
tant jets. Echocardiographic scans and measurements were 
taken by the same operator (P.P.) at each time point. The 
echocardiographic parameters that were recorded at all the 
follow-up examinations are shown in Table  2. Figure  1 
shows the trend over time (from T0 to T8) of the major 
monitored echocardiographic parameters.

EF initially tended to increase, then decreased and 
increased again until it exceeded the value found at T0 (from 
30% at T0 to 38% at T8). Other parameters of left ventricu-
lar function, such as FS, did not change much over time 
(FS: 22% at T0; 22% at T8). Throughout the study period, 
there was little change in the other morphological and path-
ological progression parameters: LA/Ao = 2 at T0 and 2.1 at 
T8, and ESVI from 69.1 at T0 to 68.7 at T8. EPSS initially 
tended to increase, reaching a peak at T3 (21.8 mm), and 

Table 1  Haematobiochemicals parameters during follow up
CBC-Tested Values HGB

g/dL
HCT
%

WBC
 × 1000/µL

PLT
 × 1000/µL

Urea
mg/dL

Crea
mg/dL

P+

mg/dL
K+

mEq/L
Alb
g/dL

Prot.Tot
g/dL

Digoxine
ng/mL

Physiological Range 14,0–19,5 38,0–54,0 6,0–14,0 180–450 10,0–45,0 0,70–1,50 2,0–5,0 4,0–5,5 2,5–4,0 5,5–7,5 0,90–3,00
T0 15,5 47,3 8,5 266 72 1,52 3,5 5,0 3,0 6,3 3,10
T1 15,6 47,4 7,5 276 50 1,49 4,1 5,0 3,0 6,4 2,38
T2 15,3 43,8 7,2 213 53 1,65 3,8 5,0 2,8 6,3
T3 16,0 45,7 5,4 233 46 1,42 3,8 4,7 3,2 6,3 1,73
T4 16,01 48 5,8 238 40 1,28 3,9 4,6 3 6,4 2,09
T5 16,1 46,9 5,5 248 63 1,46 4,3 4,8 3,1 6,4 2,2
T6 15,1 45,2 5,5 277 53 1,51 4 4,8 3,1 6,4 1,89
T7 15,9 42,5 6,33 263 73,8 0,9 3,7 3,5 6,32
T8 16,1 44,5 8,7 339 59 1,59 4,5 5,1 2,8 6,9 0,94
CBC complete blood count, HGB hemoglobin, HCT hematocrit, WBC white blood count, PLT platelets, Crea creatinine, P+ phosphorus, K+ 
potassium, Alb albumin, Tot. Prot. total protein; T0: time of procedure; T1, T2, T3, T4, T5, T6; T7, T8: 1–3-6–9-12–18-24–36 months post 
procedure respectively
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then returned to lower levels. EDVI showed a more vari-
able trend, but a mild difference was found from 94.1 ml/
m2 at T0 to 110 ml/m2 at T8 (Fig. 1). A tricuspidal regur-
gitant jet was detected starting from T4 (9 months after the 
procedure). The dog survived 341 days from the last follow 
up and died of sudden death 1436 days after the procedure 
(T0). The presence of viral (AAV) DNA was detected by 
PCR in post- mortem heart tissue samples and AAV genome 
copies were quantified; results of DNA quantification are 
reported in Fig. 2.

Discussion and conclusion

The administration of AAV-VEGF-B itself was well toler-
ated in this dog, as well as in the other dogs with DCM 
included in the Paradies et al. (2019) study. The dog was a 
6-year-old St. Bernard, a breed at risk of developing DCM 
(O’Grady and O’Sullivan 2004), although there are no 
specific genetic factors associated with the disease in this 
breed. It is possible to suppose that this patient had primary 
DCM, albeit it could not be excluded that DCM was the 
result of myocarditis in this dog living outside (McCauley 
et al. 2020). Although less likely, TCIM could not be ruled 
out in this case; AF could be the consequence or the cause 
of the myocardial injury (Wess 2022).

The appearance of PVC during the coronary catheteriza-
tion procedure has been reported in other studies and is a 
possible consequence of the myocardial mechanical tempo-
rary insult. In such cases, it is necessary to withdraw the 
catheter during the procedure (Santilli et al. 2012). The ven-
tricular rhythm recorded a few hours post-procedure and 
resolved without any pharmacological intervention over the 
following 48 h could be the consequence of a mild and tran-
sient inflammatory reaction of the myocardium secondary to 
the inoculation of the viral suspension (Paradies et al. 2019). 
It is reasonable to think that it was not caused by VEGF-
B167, since the expression of AAV-carried transgenes typi-
cally takes about 10 days (Lähteenvuo et al. 2009). The dog 
remained in a good and stable clinical condition throughout 
the study and no laboratory abnormalities were registered.

In our study, echocardiography showed no major dif-
ferences over time, indicating both the absence of direct 
adverse cardiac events and the disease stability. The natural 
course of DCM is characterized by progressive worsening 
of the systolic dysfunction as evidenced by decreased left 
ventricles EF, increased ESVI, and reduced shortening along 
the minor and longitudinal axes of the left ventricle (Bona-
gura and Visser 2022). This was not the case in the present 
study. According to a study by Borgarelli et al. (2006), EF 
is an accurate index of myocardial function which signifi-
cantly affects survival time. Results of echocardiographic 
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(1436  days post procedure) deserves acknowledgement 
considering that the long-term prognosis for dogs with 
DCM described in the literature is much more severe. Most 
patients showing initial signs of CHF die within 6/7 months 
(Simpson et al. 2021; Vollmar et al. 2019). In more severe 
cases, the survival time is a few weeks/months, sometimes 
a more favorable clinical course is possible, with a survival 
of 1–2 years (Martin et al. 2010). Several factors can affect 
survival time in dogs with DCM including whether or not 
they have developed CHF or severe arrhythmias (Vollmar et 
al. 2019) and diet (Freid et al. 2021). It is also interesting to 
note that life expectancy in healthy dogs varies with breed 
and size (Gaar-Humphreys et al. 2022), so for a St. Bernard 
a lifetime of 10 years is a very good expectation.

Based on the owner’s report the dog was not showing 
any sign of discomfort until the night before death. One 
week earlier he had experienced acute symptoms of gas-
tric distension, which were solved with a gastric tube. At 
autopsy, gastric torsion, concomitant chronic diseases and 
non-cardiac abnormalities were ruled out. Sudden death due 
to cardiovascular disease (i.e. arrhythmias) was likely, but 
death due to cardiovascular shock from acute gastric disten-
sion could not be totally ruled out as the cause of sudden 
death in this dog.

The presence of viral (AAV) DNA was investigated by 
PCR in heart tissue and AAV genome copies were quantified 

monitoring in this dog showed that EF did not worsen as it 
could be expected in a progressive disease such as DCM. 
It is clear that statistical analysis cannot be performed on 
a single case and results need to be interpreted based on a 
single case study without appropriate controls. The fact that 
this patient died 1 year after T8 and 4 years post procedure 

Fig. 2  Quantification AAV genome copies in post-mortem myocardial 
tissue

 

Fig. 1  Changes of cardiac func-
tional parameters from T0 to T8. 
FS, fractional shortening; EF, ejec-
tion fraction; ESVI, end-systolic 
volume index; EDVI, end-diastolic 
volume index; LA/Ao, left atrium-
aorta ratio; SI, sphericity index; 
EPSS, mitral valve E-Point to 
Septal Separation
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