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Abstract 

Introduction. The majority of pericardial diseases are accompanied by pathological accumulation of fluid in the pericar-

dial cavity (effusion), as well as cardiac tamponade. Physical examination methods combined with transthoracic echocar-

diography are widely used to diagnose these conditions. An important task for veterinary specialists is to determine char-

acteristic symptoms and specific echocardiographic signs of cardiac tamponade, which is considered to be a life-threat-

ening condition. Cytological examination of pericardial fluid is an integral part in diagnosing the cause of the effusion. A 

comprehensive approach to diagnosis underpins the efficiency of treatment strategies. The existing studies poorly reveal 

the relationships between the clinical symptoms and echocardiographic signs, which could enable the diagnosis of disease 

severity and its prognosis, neither do they fully elucidate the cytological characteristics of effusions that could indicate 

the causes of effusion occurrence. The aim of the study is to establish the clinical, echocardiographic, and cytological 

relationships in dogs with pericardial pathologies accompanied by pericardial effusion.  

Materials and Methods. The study was conducted at the Department of Veterinary Surgery of Moscow State Academy 

of Veterinary Medicine and Biotechnology – MVA named after K. I. Skryabin and at the Veterinary Research Center 

“Biocontrol” in the period from 2018 to 2023. The objects under study were dogs of various breeds, ages, and sexes 

(n=200). The examination methodology included: collection of patient’s medical history, clinical examination, echocar-

diography, electrocardiography, chest radiography, ultrasonographic visualization of free fluid in the thoracic and ab-

dominal cavities, pericardiocentesis, cytological examination of effusion, and histological examination of pathological 

material obtained during surgery. 

Results. During the echocardiography, a ring-shaped anechoic space of varying diameter was revealed around the heart 

in all the studied dogs with pericardial effusion. Of 200 patients, cardiac tamponade was registered in 64 animals (32.0%), 

to whom pericardiocentesis was performed. For further determination of the causes of pericardial effusion, cytological 

examination of the obtained fluid was performed in 61 patients. According to cytomorphological characteristics, the fol-

lowing types of effusion were identified: transudate (1.6%), modified transudate (4.9%), septic exudate (1.6%), hemor-

rhagic effusion (which, in turn, was divided into effusion corresponding to: acute hemorrhage (4.9%), chronic hemorrhage 

(77.0%), hemorrhagic effusion with cytological signs of a tumor (9.8%)). 

Discussion and Conclusion. In the presence of pericardial effusion, detection of the cardiac tamponade syndrome is of 

great clinical importance. We have established the most common echocardiographic signs of tamponade: caudal vena 

cava dilation and reduction of its collapsibility amplitude to less than 50%, as well as right atrial collapse. A relationship 

between the clinical symptoms (abdomen volume increase due to accumulation of ascitic fluid, progressing weakness, 

and exercise tolerance decrease) and echocardiographic signs of cardiac tamponade was revealed. Based on cytological 

examination results, the hemorrhagic type of pericardial effusion was identified as the most common one, concomitant to 

cardiac and pericardial tumors in older dogs of medium and large breeds. 

Keywords: dogs, pericardial effusion, cardiac tamponade, pericardial cavity, echocardiography, cytological examination 

of fluid 
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Аннотация 

Введение. Большинство болезней перикарда сопровождаются патологическим скоплением жидкости в 

перикардиальной полости (выпот), а также тампонадой сердца. Для диагностики подобных состояний широко 

используют методы физикального обследования в сочетании с трансторакальной эхокардиографией. Важной 

задачей ветеринарных специалистов является определение характерных симптомов, а также специфических 

эхокардиографических признаков тампонады сердца как состояния, угрожающего жизни. Цитологическое 

исследование перикардиальной жидкости является неотъемлемой частью диагностического поиска причин 

выпота. Комплексный подход к диагностике определяет эффективную тактику лечения пациента. В 

существующих исследованиях остаются мало раскрытыми клинико-эхокардиографические взаимосвязи, 

позволяющие диагностировать тяжесть течения и прогноз заболевания, а также недостаточно освещены 

цитологические характеристики выпотов, определяющие их причины. Цель исследования — установить 

клинико-эхокардиографические и цитологические взаимосвязи у собак с патологиями перикарда, 

сопровождающимися перикардиальным выпотом.  

Материалы и методы. Исследование проведено на кафедре ветеринарной хирургии ФГБОУ ВО «Московская 

государственная академия ветеринарной медицины и биотехнологии – МВА имени К.И. Скрябина», а также на 

базе ветеринарного научного центра «Биоконтроль» в период с 2018 по 2023 г. Объектом исследования 

послужили собаки различных пород, возраста и пола (n=200). Методика обследования включала: сбор анамнеза, 

клинический осмотр, эхокардиографию, электрокардиографию, рентгенографию грудной клетки, 

ультрасонографическую визуализацию свободной жидкости в грудной и брюшной полостях, перикардиоцентез, 

цитологическое исследование выпота, гистологическое исследование патологического материала, полученного 

в ходе хирургического вмешательства.  

Результаты исследования. У всех исследуемых собак с перикардиальным выпотом на эхокардиографии 

выявлено кольцевидное анэхогенное пространство (ободок) разного диаметра вокруг сердца. Из 200 пациентов у 

64 животных (32,0 %) зарегистрирована тампонада сердца и выполнен перикардиоцентез. Цитологическое 

исследование полученной жидкости для дальнейшей диагностики причины перикардиального выпота выполнено 

у 61 пациента. По цитоморфологическому характеру выявлены следующие виды выпота: транссудат (1,6 %), 

модифицированный транссудат (4,9 %), септический экссудат (1,6 %), геморрагический (который, в свою 

очередь, разделялся на выпот, соответствующий: острому кровотечению (4,9 %), хроническому кровотечению 

(77,0 %), геморрагический выпот с цитологическими признаками опухоли (9,8 %)). 

Обсуждение и заключение. При наличии перикардиального выпота важное клиническое значение имеет 

распознавание синдрома тампонады сердца. Нами установлены самые распространённые эхокардиографические 

признаки тампонады: расширение и снижение амплитуды спадения каудальной полой вены менее 50 % и коллапс 

стенки правого предсердия. Выявлена взаимосвязь между клиническими симптомами (увеличение объема 

живота в результате накопления асцитной жидкости, прогрессирующая слабость и снижение переносимости 

нагрузок) и эхокардиографическими признаками тампонады сердца. По результатам цитологического 

исследования самым распространенным видом перикардиального выпота явился геморрагический, 

сопровождавший опухоли сердца и перикарда у собак старшей возрастной группы средних и крупных пород. 

Ключевые слова: собаки, перикардиальный выпот, тампонада сердца, перикардиальная полость, 

эхокардиография, цитологическое исследование жидкости 
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Introduction. Enhancement of cardiac disease diag-

nostics in animals is particularly important due to the in-

creasing incidence of pericardial pathologies in dogs of 

various breeds and sizes. In recent years, significant pro-

gress has been made in diagnostics of cardiac diseases in 

animals, including diagnostics of diseases accompanied by 

pericardial effusion inducing compression of the heart 

chambers and hemodynamic disorders. This condition 

causes reduction of cardiac filling and emptying, provokes 

venous congestion, and can lead to cardiogenic shock and 

death of a patient [1–3].  

Diagnostic tests for pericardial pathologies accompa-

nied by pericardial effusion include echocardiography, 

electrocardiography, radiography, computed tomography, 

cytomorphological examination of effusion, histological 

examination of the pericardium and neoplasms of the heart 

and pericardium. Each method has its advantages and lim-

itations, but echocardiography (EchoCG) is the preferred 

first-line diagnostic test [2]. This visual diagnostic method 

is highly informative, as it allows one to determine the size 

of the heart and evaluate its function, the presence and vol-

ume of pericardial effusion, the presence of intracardiac 

thrombi and cardiac and pericardial tumors [3, 5, 6]. 

EchoCG is the leading method for dynamic monitoring of 

pericardial effusion during conservative therapy [7]. An 

important advantage of EchoCG is its non-invasiveness 

and the absence of the need for animal sedation. 

A cytological analysis of pericardial effusion is a nec-

essary diagnostic method for determining the etiology of 

the pathological process and patient’s treatment strategy. 

In some cases, this test is crucial and reduces the amount 

of diagnostic procedures required for the patient. 

A number of ultrasound criteria for diagnosing canine 

pericardial diseases accompanied by effusions have been 

identified in the available national and international liter-

ature. However, the relationship between the clinical 

symptoms and echocardiographic signs that enables diag-

nosing disease severity and prognosticating its course re-

mains poorly studied, the same as the correlation of 

pathological changes with the body weight and age of the 

patients. Furthermore, the cytological characteristics of 

effusions, which determine effusion causes, are insuffi-

ciently described. The aim of the study is to establish clin-

ical, echocardiographic, and cytological relationships in 

dogs with pericardial pathologies accompanied by peri-

cardial effusions.  

Materials and Methods. The study was conducted at 

the Department of Veterinary Surgery of Moscow State 

Academy of Veterinary Medicine and Biotechnology – 

MVA named after K. I. Skryabin and at the Veterinary Re-

search Center “Biocontrol” in the period from 2018 to 

2023. The objects of the study were sexually mature dogs 

of various breeds, ages, and sexes (n=200). The following 

dog breeds were included in the study: mixed breeds 

(n=38), French Bulldogs (n=19), Labrador Retrievers 

(n=12), Chihuahuas (n=11), Yorkshire Terriers (n=10), 

Golden Retrievers (n=8), Smooth-haired Dachshunds 

(n=6), American Staffordshire Terriers (n=5), Jack Russell 

Terriers (n=5), Cane Corso (n=5), German Shepherd Dogs 

(n=4), Bullmastiffs (n=4), Dogue de Bordeaux (n=4), Si-

berian Huskies (n=4), German Spitz (n=3), Staffordshire 

Bull Terriers (n=3), Shiba Inu (n=2), Central Asian Shep-

herd Dogs (n=2), Russian Spaniels (n=2), Pomeranian 

Spitz (n=2), German Boxers (n=2), Chinese Crested (n=2), 

Ca de Bou (n=2), Caucasian Shepherd Dogs (n=2), Dober-

mans (n=2), East European Shepherd Dogs (n=2), Weimar-

aners (n=2), Boerboels (n=2), Bernese Mountain Dogs 

(n=2), American Pit Bull Terriers (n=2), English Bulldogs 

(n=2), Biewer Yorkshire Terriers (n=2). The following 

breeds included in the study were represented by a single 

animal: English Cocker Spaniel, Alaskan Malamute, Dogo 

Argentino, Beauceron, West Highland White Terrier, Dal-

matian, Irish Setter, Keeshond, Maremma Sheepdog, Min-

iature Poodle, Moscow Toy Terrier, Pug, Neapolitan Mas-

tiff, Pointer, Petit Brabancon, Rhodesian Ridgeback, Rus-

sian Hound, Russian Toy Terrier, Samoyed, Skye Terrier, 

Scottish Terrier, Olde English Bulldogge, Whippet, Fox 

Terrier, Miniature Pinscher, Shar Pei, Shih Tzu, Entlebu-

cher Mountain Dog, Japanese Chin (Fig. 1). 

 The distribution of animals by age groups was as follows: 

Group 1 — from 1 to 5 years (n = 14), Group 2 — from 6 to 

9 years (n = 71), Group 3 — from 10 to 15 years (n = 107), 

Group 4 — from 16 to 17 years (n = 8). Distribution of ani-

mals by sex — 134 males and 66 females (Table 1). 

For a reliable assessment of the heart structures, the an-

imals were divided into groups depending on body weight: 

Group 1 — up to 10 kg (n=54), Group 2 — 10–25 kg 

(n=58), Group 3 — 26–45 kg (n=62), Group 4 — over 45 

kg (n=26) (Table 2). 

General clinical examination of the dogs was per-

formed according to a standard methodology, including 

collection of patient’s medical history, and physical exam-

ination. Echocardiography was performed using Philips 

Epiq 5 and Philips HD15 ultrasound systems (“Philips”, 

USA) with phased array transducers operating at frequen-

cies of 1–5 MHz, 2–9 MHz, and 4–12 MHz. The animals 

were positioned in the right and left lateral positions. To 

ensure direct contact between the transducer and the skin, 

the dogs’ coats were shaved, and 30% isopropyl alcohol 

and ultrasound gel were applied. During the examination, 

the structural and functional characteristics of the heart 

were assessed, including the presence of thrombi in the car-

diac chambers, tumors in the heart, pericardium and tho-

racic cavity, pericardial thickening, and the presence of 

free fluid in the pericardial cavity. 
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Fig. 1. Distribution of dogs with pericardial effusion by breed 

Table 1 

Distribution of dogs with pericardial effusion by age and sex 

Group/age, years 
Absolute 

number, n 

Relative quantity, 

% 
Sex 

Group 1 (1–5) 14 7.0 Males  Females  

Group 2 (6–9) 71 35.5 
n  % n  % 

134 67 66 33 

Group 3 (10–15) 107 53.5   

Group 4 (16–17) 8 4.0   

Total  200 100 200 100  200 100  

Table 2 

Distribution of dogs with pericardial effusion by body weight 

Group/body weight, kg  Absolute number, n  Relative quantity, % 

Group 1 (up to 10) 54 27.0 

Group 2 (10–25) 58 29.0 

Group 3 (26–45) 62 31.0 

Group 4 (over 45) 26 13.0 

Total 200 100 

To obtain the material for cytological examination, ultra-

sound-guided pericardiocentesis was performed through the 

3rd–5th intercostal spaces on the right. The patient was given 

general anesthesia (by intravenous injection of Propofol at a 

dose of 4–8 mg/kg) and positioned in the left lateral decubi-

tus position. To prepare the surgical site, the coat was 

shaved, and the skin around the needle insertion site was 

cleaned with 70% ethyl alcohol. 

Cytological examination of pericardial effusion was per-

formed in 61 dogs. Pericardial fluid obtained by pericardio-

centesis was transferred to the EDTA tube. For cell count in 

the Goryaev chamber, 20 μl of fluid was removed from the 

tube and mixed with 380 μl of a 3–5% acetic acid solution 

stained with methylene blue. The EDTA tube was then cen-

trifuged for 5 min at 2000 rpm. Direct brush smears were 

prepared from the sediment. The smears were stained for 

20–30 min according to Romanowsky staining technique. 

The resulting smears were examined at 100×, 200×, and 

19%

9,5%

6%

5,5%
5%4%3%3%3%3%2%2%2%2%2%2%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%1%

Dog breeds

Mixed breeds

French Bulldogs

Labrador Retrievers

Chihuahuas

Yorkshire Terriers

Golden Retrievers
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1000× magnification using an Olympus CX43 microscope 

(“Olympus”, Japan). 

A histological examination was performed in 23 patients. 

The dogs had recurrent cardiac tamponade with pericardial 

effusion accumulated two or more times. Patients underwent 

pericardiectomy to collect the pericardial and cardiac tumor 

specimens for histological examination, or euthanasia fol-

lowed by pathological autopsy with histological examina-

tion. A sample for the study (a 3–5 mm thick section) was 

excised from the obtained biopsy specimen that had been 

fixed in 10% buffered formalin (BF). The resulting samples 

were dehydrated and impregnated with paraffin using a 

Histo-Tek VP1 histoprocessor (“Sakura Seiki Co.” LLC, Ja-

pan). Paraffin blocks were then prepared, from which series 

of sections (2–4 μm thick) were sliced using a HistoCore Bi-

ocut rotary microtome (“Leica Biosystems”, Germany). 

The resulting preparations were then stained with he-

matoxylin and eosin to visualize tissue components. But 

prior to this, the preparations were deparaffinized (sequen-

tially through a paraffin solvent (xylene) and alcohols of 

descending concentration). After staining, the prepared 

samples were cleared in xylene and mounted under co-

verslips using a mounting medium. The prepared histolog-

ical slides were examined using an Olympus CX43 micro-

scope at 100×, 200×, 400×, and 1000× magnification.  

Research Results. Based on the anamnesis and clinical 

examination of 200 patients with pericardial effusion, cardiac 

tamponade was diagnosed in 64 animals (32.0%). In this 

group of animals, one or more of the leading clinical symp-

toms were identified: increase in volume of the abdomen due 

to the accumulation of ascitic fluid (50.0%), sudden weak-

ness/syncope (37.5%), progressing weakness/decreased activ-

ity (62.5%), and dyspnea caused by hydrothorax (32.8%). The 

remaining patients had nonspecific symptoms (Table 3). 

Physical examination of dogs with cardiac tamponade 

revealed a number of characteristic clinical symptoms: pal-

lor of the mucous membranes  (15.6%), muffled heart 

sounds (75.0%), weak pulse waveform (35.9%), arrhyth-

mic pulse (21.8%), and paradoxical pulse (7.8%) (Table 4). 

One or more components of Beck’s triad (edema of the 

neck, dewlap, and peripheral edemas) were recorded in 3 

dogs (1.5%). Jugular venous distention was not detected, 

possibly because of the difficulty to identify the character-

istic signs due to the thick coats of the patients. In 27 of 64 

patients with cardiac tamponade, the tonometry data had 

been obtained before pericardiocentesis. Hypotension with 

mean systolic blood pressure of 80 mmHg and lower was 

detected in 12 dogs (42.0%). 

In all dogs (n=200) with pericardial effusion, echocardi-

ography revealed a ring-shaped anechoic space (rim) of var-

ying diameter around the heart. Echocardiographic signs of 

cardiac tamponade were: right atrial collapse in 42 dogs 

(65.6%), right ventricular diastolic collapse in 20 dogs 

(31.2%), reduced cardiac chambers due to insufficient filling 

with blood in 5 dogs (7.8%), paradoxical septal motion dur-

ing respiration in 8 dogs (12.5%), dilation of caudal vena 

cava and reduction of its collapsibility amplitude to less than 

50% during inhalation in 34 animals (53.1%) (Table 5). 

Table 3 

Leading clinical symptoms accompanying cardiac tamponade 

Symptoms  Absolute number, n Relative quantity, % 

Dyspnea caused by hydrothorax 21 32.8 

Sudden weakness/ syncope/forced posture 24 37.5 

Increasing apathy/weakness/decreased activity 40 62.5 

Increase in volume of the abdomen (ascitic fluid) 32 50.0 

Table 4 

Leading symptoms of cardiac tamponade identified during physical examination (n=64) 

Symptoms Absolute number, n  Relative quantity, % 

Pallor of the mucous membranes   10 15.6 

Muffled heart sounds 48 75.0 

Weak pulse waveform  23 35.9 

Paradoxical pulse  5 7.8 

Arrhythmic pulse  14 21.8 

Table 5 

Echocardiographic signs of cardiac tamponade in the dogs studied (n=64) 

Echocardiographic signs  
Absolute num-

ber, n 

Relative quantity, 

% 

Right atrial collapse  42 65.6 

Right ventricular diastolic collapse  20 31.2 

Paradoxical septal motion  8 12.5 

Reduction of left cardiac chambers (visual assessment) 5 7.8 
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Dilation and poor collapsibility of caudal vena cava (less than 50%) 34 53.1 

Data analysis enabled establishing a relationship be-

tween clinical symptoms and structural and functional pa-

rameters of the heart: of 34 dogs with signs of dilation of 

caudal vena cava and reduction of its collapsibility ampli-

tude to less than 50% during inhalation (diagnosed by 

echocardiography), 29 patients had ascites, 15 dogs — pro-

gressing weakness, and 13 dogs — dyspnea. Of 42 patients 

with right atrial collapse, 22 dogs had ascites, 23 had pro-

gressing weakness, and 19 dogs had dyspnea (Table 6). 

 Pericardiocentesis was performed in 64 dogs with car-

diac tamponade, whereas the cytological examination of 

the obtained fluid for further diagnostics was performed in 

61 patients. By the cytomorphological nature of effusion, 

the following types were identified: transudate (1.6%), 

modified transudate (4.9%), septic exudate (1.6%), hemor-

rhagic effusion, which in turn was divided into effusion 

corresponding to: acute hemorrhage (4.9%), chronic hem-

orrhage (77%) and hemorrhagic effusion with cytological 

signs of a tumor (9.8%) (Table 7). 

Histological examination of the pericardium was per-

formed in 23 patients with recurrent cardiac tamponade. In 

16 dogs, cardiac or pericardial neoplasms were diagnosed 

by echocardiography, and 2 patients were suspected of 

having pericardial neoplasia (Table 8). 

Table 6 

Correlation of clinical symptoms with echocardiography data (n=64) 

Symptoms  

EchoCG sign 

Dilation/poor 

collapsibility 

of caudal vena 

cava  

Right atrial 

collapse  

Right ventricu-

lar diastolic col-

lapse  

Reduced left 

cardiac cham-

bers  

Paradoxical 

septal motion  

AscitesАсцит 29 22 10 - 4 

Гидроторакс 10 7 1 1 2 

Sudden weakness/ syncope  9 14 8 2 5 

Hypotension 2 5 5 5 9 

Increasing apathy/weak-

ness/decreased activity  
15 23 10 – 4 

Peripheral edemas  2 1 1 –  

Dyspnea  13 19 10 – 4 

 Table 7 

Correlation between the causes and cytological characteristics of pericardial effusion (n=61) 

Causes of ef-

fusion  

Absolute 

number, n  

Relative 

quantity, % 

Type of effusion by nature 

Transu-

date 

Modified 

transudate  

Septic ex-

udate 

Chroni-

chemor-

rhagiceffu

sion 

Acute 

hemor-

rhagic ef-

fusion  

 

Hemorrhagic 

effusion with 

cytological 

signs of a tumor  

Cardiac/peri-

cardial neo-

plasms  

34 55.7  1  26 1 

4 (lymphoma) 

1 (carcinoma)  

1 (mesotheli-

oma)  

Idiopathic/un-

known cause 
18 29.5  1  16 1  

Congestive 

heart failure  
2 3.3  1  1   

Pericarditis 5 8.2   1 4   

Left atrial 

rupture  
1 1,6     1  
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Protein-losing 

enteropathy  
1 1,6 1      

Table 8 

Histological examination of the causes of pericardial effusion (n=23) 

Causes of effusion  Absolute number, n Relative quantity, % 

Lymphoplasmacytic pericarditis 1 4.3 

Neutrophilic pericarditis  2 8.7 

Mixed pericarditis (lymphoplasmacytic and neutrophilic) 6 26 

Chemodectoma  6 26 

Hemangiosarcoma  5 22 

Mesothelioma  1 4.3 

Carcinoma  1 4.3 

No pathological changes 1 4.3 

Discussion and Conclusion. Transthoracic echocardi-

ography is a reliable method for detecting pericardial pa-

thologies and the presence of free fluid in the pericardial 

cavity. Free fluid in the pericardial cavity is visualized on 

ultrasonogram as an anechoic rim around the heart. Upon 

accumulation of a large volume of fluid, a characteristic 

“floating” or “swinging” heart pattern is observed due to 

its pendulum-like movements [8]. 

In the presence of pericardial effusion, recognition of 

cardiac tamponade syndrome is of major clinical im-

portance; it is diagnosed by comparing the characteristic 

clinical picture and echocardiographic signs [9]. Of 200 pa-

tients participating in the study, cardiac tamponade was di-

agnosed in 64 animals (32.0%). The diagnostic criteria for 

diagnosing cardiac tamponade obtained by the authors ad-

here to the data published in other studies [10]. The most 

common echocardiographic signs of cardiac tamponade 

were: right atrial collapse — detected in 65.6% (n=42), di-

lation of caudal vena cava and reduction of its collapsibility 

amplitude (to less than 50% during inhalation) — detected 

in 53.1% (n=34), right ventricular diastolic collapse— de-

tected in 31.2% (n=20). 

A comparison of physical examination data and echo-

cardiographic signs revealed that symptoms such as the in-

crease in the volume of the abdomen due to ascitic fluid 

accumulation, progressing weakness, and exercise toler-

ance decrease are diagnosed in patients with echocardio-

graphic signs of dilation of caudal vena cava and reduction 

of its collapsibility amplitude to less than 50% and right 

atrial collapse. This is explained by impaired venous return 

in systemic circulation against the background of right ven-

tricular end-diastolic pressure increase resulting from the 

pericardial fluid pressure. In the presence of all the above 

listed echocardiographic signs of cardiac tamponade (Ta-

ble 5), including the paradoxical septal motion and reduc-

tion of cardiac chambers due to decrease in venous blood 

flow, the persistent arterial hypotension (with mean sys-

tolic blood pressure of 80 mmHg or lower) was observed 

in animals. The primary diagnostics of cardiac tamponade 

is based on a constellation of patient’s clinical symptoms 

and physical examination results. Echocardiography is a 

confirmatory and expert method that allows visualization 

of pericardial effusion, assessment of its volume, identifi-

cation of the signs of cardiac compression and, in some 

cases, differentiation of the causes of effusion. 

When assessing the effusion, the hemorrhagic nature of 

the fluid was most often diagnosed (91.8%), which is con-

sistent with the literature data [11, 12], whereas signs of 

acute hemorrhagic effusion were detected only in 4.9% of 

patients. The most common cause of hemorrhagic effusion 

in dogs was cardiac neoplasia – 55.7% of cases, of which 

cardiac hemangiosarcoma was histologically diagnosed in 

22%, which, in turn, is considered one of the common ne-

oplastic causes of pericardial effusions [13, 14]. In 26% of 

cases, histological confirmation of a basal cardiac tumor  

— chemodectoma was obtained. According to echocardi-

ography, out of 200 patients, cardiac tumors were detected 

in 86 dogs, of which 32.5% were right heart tumors without 

histological confirmation, and in 53.5% of cases, basal car-

diac tumors were determined. Unknown cause of effusion 

was the second most common cause and may also include 

patients with idiopathic pericardial effusion, which is con-

sistent with the previous studies [11, 15]. Modified transu-

date was recorded in 4.9% of cases, including in cases of 

congestive heart failure. Transudate caused by protein-los-

ing enteropathy and septic exudate caused by myopericar-

ditis were the rarest types of pericardial effusions. Cytolog-

ical examination of pericardial fluid is deemed to be less 

informative and depends on the tumor type and effusion 

hematocrit [16, 17]. Hemorrhagic effusion with cytological 

signs of a tumor was observed in 9.8% of cases, with large 

cell lymphoma being the most commonly diagnosed tu-

mor, which is consistent with the foreign literature data 

[18, 19]. In this study, in 64 dogs with cardiac tamponade, 

cardiac neoplasms were diagnosed in 55.7% by echocardi-

ography. The development of cardiac tamponade in such 

patients may be explained not only by mechanical com-
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pression of the vessels by the tumor, but also by their bleed-

ing, which can cause a surge in intrapericardial pressure, 

acute dilation of pericardial cavity and, as a consequence, 

cardiac tamponade. 

Histological examination of cardiac and pericardial tu-

mors excised during surgery is the “gold standard” for ver-

ifying the presence of cancer. According to the results of 

our study, of 16 dogs with cardiac and pericardial tumors 

identified by echocardiography, cardiac neoplasia was his-

tologically confirmed in 12 animals: chemodectoma in 

26% of cases and hemangiosarcoma in 22%. These types 

of cardiac tumors are the most common, as described 

above. In one patient suspected of having pericardial neo-

plasia, pericardial mesothelioma was diagnosed. In three 

dogs, histological examination of the cardiac or pericardial 

tumor turned to be inconclusive, and in one dog, a tumor 

biopsy was not performed. Pericarditis as a histological di-

agnosis was found in 39% of cases. 

Most dogs with pericardial effusion were male, of me-

dium to large breeds, weighing between 26 and 45 kg: 

mixed breeds (19%), Labrador Retrievers (6%), Golden 

Retrievers (4%), Cane Corso (2.5%), American Stafford-

shire Terriers (2.5%), German Shepherd Dogs (2%) — 

these breeds have been previously mentioned in other stud-

ies too [11, 15, 20]. Small dog breeds were represented by: 

French Bulldogs (9.5%), Chihuahuas (5.5%) and York-

shire Terriers (5%). In this study, cardiac tamponade was 

most commonly diagnosed in mixed breeds (15.6%), 

French Bulldogs (14%), Golden Retrievers (7.8%), York-

shire Terriers (6.25%), Siberian Huskies (4.6%), and Jack 

Russell Terriers (4.6%). It’s worth noting that in all French 

Bulldogs with cardiac tamponade, basal cardiac tumors 

were detected by echocardiography. In Golden Retrievers, 

Siberian Huskies, and Yorkshire Terriers, a common cause 

of cardiac tamponade was right heart tumor. Cases of right 

heart hemangiosarcoma diagnosed in Golden Retrievers 

are frequently described in scientific studies [21–23]. The 

unknown cause, was most common in Labrador Retrievers 

and Jack Russell Terriers. 

Thus, as a result of the data analysis, the following most 

common clinical, physical and echocardiographic signs of 

cardiac tamponade were established: an increase in volume 

of the abdomen (50%), sudden weakness/syncope (37.5%), 

progressing weakness/decreased activity (62.5%), dyspnea 

(32.8%), pallor of the mucous membranes (15.6%), muffled 

heart sounds (75%), weak pulse waveform (35.9%), arrhyth-

mic pulse (21.8%), paradoxical pulse (7.8%), right atrial col-

lapse (65.6%), right ventricular diastolic collapse (31.2%), 

dilation of caudal vena cava and reduction of its collapsibil-

ity amplitude to less than 50% during inhalation (53.1%). A 

relationship was found between the clinical symptoms such 

as the increase in the volume of the abdomen due to the ac-

cumulation of ascitic fluid, progressing weakness and exer-

cise tolerance decrease, and the echocardiographic signs of 

cardiac tamponade such as dilation of caudal vena cava and 

reduction of its collapsibility amplitude to less than 50% and 

right atrial collapse. The serious condition of a patient with 

developed arterial hypotension and cardiogenic shock will 

be accompanied by all EchoCG signs of cardiac tamponade, 

including paradoxical septal motion and weak filling of the 

left cardiac chambers. Based on the results of cytological ex-

amination, the hemorrhagic type of pericardial effusion was 

identified to be the most common one, accompanying car-

diac and pericardial tumors in dogs of the older age group of 

medium and large breeds. 

References 

1. Enders М, Sarani N, Malik А. Isolated Left Ventricular Cardiac Tamponade Diagnosed on Point-of-Care Ultra-

sound in the Emergency Department: A Case Report and Brief Literature Review. Journal of the American College of 

Emergency Physicians Open. 2023;4(4):e12990. https://doi.org/10.1002/emp2.12990  

2. Hanson M, Chan B. The Role of Point-of-Care Ultrasound in the Diagnosis of Pericardial Effusion: A Single Aca-

demic Center Retrospective Study. Ultrasound Journaal. 2021;13:2. https://doi.org/10.1186/s13089-021-00205-x 

3. Kokulenko KV, Kostylev VA, Goncharova AV. Echocardiographic Characteristics of Pericarditis in Small Domestic 

Animals. In: Proceedings of the 12th International Interuniversity Conference on Clinical Veterinary Medicine in the Partners 

Format. Moscow, November 17–18, 2022. Moscow: Selskokhozyaistvennye tekhnologii Publ.; 2022. P. 589–593. (In Russ.). 

4. Klein А, Chair, Abbara S., MD, Agler D., Appleton CP, Asher CR, Hoit B, et al. American Society of Echocardiog-

raphy Clinical Recommendations for Multimodality Cardiovascular Imaging of Patients with Pericardial Disease: Endorsed 

by the Society for Cardiovascular Magnetic Resonance and Society of Cardiovascular Computed Tomography. Journal of 

the American Society of Echocardiography. 2013;26:965-1012.e15. https://doi.org/10.1016/j.echo.2013.06.023 

5. Arutyunov GP, Paleev FN, Tarlovskaya EI, Moiseeva OM, Arutyunov AG, Koziolova NA, et al. Pericarditis. Clinical 

Guidelines 2022. Russian Journal of Cardiology. 2023;28(3):5398. (In Russ.). https://doi.org/10.15829/1560-4071-2023-5398  

6. Adler Y, Charron P, Imazio M, Badano L, Barón-Esquivias G, Bogaert J, et al. 2015 ESC Guidelines for the Diag-

nosis and Management of Pericardial Diseases: The Task Force for the Diagnosis and Management of Pericardial Diseases 

of the European Society of Cardiology (ESC) Endorsed by: The European Association for Cardio-Thoracic Surgery 

(EACTS). European Heart Journal. 2015;36(42):2921–2964. https://doi.org/10.1093/eurheartj/ehv318  

https://doi.org/10.1002/emp2.12990
https://doi.org/10.1186/s13089-021-00205-x
https://doi.org/10.1016/j.echo.2013.06.023
https://doi.org/10.15829/1560-4071-2023-5398
https://doi.org/10.1093/eurheartj/ehv318


Russian Journal of Veterinary Pathology. 2026;25(2):34-43. еISSN 2949-4826 

 

 

h
tt

p
s:

//
w

w
w

.v
et

p
at

.r
u
 

42 

7. Chiabrando JG, Bonaventura A, Vecchié A, Wohlford GF, Mauro AG, Jordan JH, et al. Management of Acute and 

Recurrent Pericarditis: JACC State-of-the-Art Review. Journal of the American College of Cardiology. 2020;75(1):76–92. 

https://doi.org/10.1016/j.jacc.2019.11.021  

8. Ming Wang ТK, Klein А. Multi-Modality Cardiac Imaging for Pericardial Diseases: A Contemporary Review. 

Reviews in Cardiovascular Medicine. 2022;23(10):336. https://doi.org/10.31083/j.rcm2310336  

9. Alerhand S, Adrian RJ, Long B, Avila J. Pericardial Tamponade: A Comprehensive Emergency Medicine and Echocar-

diography Review. American Journal of Emergency Medicine. 2022;58:159–174. https://doi.org/10.1016/j.ajem.2022.05.001  

10. Kokulenko KV, Goncharova AV, Kostylev VA. Clinical Characteristics of Dogs with Pericardial Pathologies 

Accompanied by Pericardial Effusions. Legal Regulation in Veterinary Medicine. 2024;(3):63–66. (In Russ.).  

https://doi.org/10.52419/issn2782-6252.2024.3.63  

11. MacDonald KA, Cagney O, Magne ML. Echocardiographic and Clinicopathologic Characterization of Pericardial 

Effusion in Dogs: 107 Cases (1985–2006). Journal of the American Veterinary Medical Association. 2009;235(12):1456–

1460. https://doi.org/10.2460/javma.235.12.1456  

12. Cagle LA, Epstein SE, Owens SD, Mellema MS, Hopper K, Burton AG. Diagnostic Yield of Cytologic Analysis 

of Pericardial Effusion in Dogs. Journal of Veterinary Internal Medicine. 2014;28(1):66–71. 

https://doi.org/10.1111/jvim.12253  

13. Scheuermann L, Gordon-Evans W, Nault A. Systematic Review of the Treatment Options for Pericardial Effu-

sions in Dogs. Veterinary Surgery. 2021;50(1):20–28. https://doi.org/10.1111/vsu.13475 

14. Gunasekaran Т, Olivier N, Smedley R, Sanders R. Pericardial Effusion in a Dog with Pericardial Hemangiosar-

coma. Journal of Veterinary Cardiology. 2019;23:81–87. https://doi.org/10.1016/j.jvc.2019.01.008 

15. Kokulenko KV, Goncharova AV, Kostylev VA. Risk Factors for the Occurrence and Development of Pericardial Effu-

sions in Dogs. Veterinary, Zootechnics and Biotechnology. 2023;(8):35–41. https://doi.org/10.36871/vet.zoo.bio.202308004  

16. Cagle LA, Epstein SE, Owens SD, Mellema MS, Hopper K, Burton AG. Diagnostic Yield of Cytologic Analysis of 

Pericardial Effusion in Dogs. Journal of Veterinary Internal Medicine. 2014;28(1):66–71. https://doi.org/10.1111/jvim.12253   

17. Köster L, Newkirk K, Krawec P. A Case Report: Null-Cell Cardiac Lymphoma in An English Bulldog. Frontiers 

in Veterinary Science. 2024;11:1256442. https://doi.org/10.3389/fvets.2024.1256442 

18. Treggiari E, Pedro B, Dukes-McEwan J, Gelzer AR, Blackwood L. A Descriptive Review of Cardiac Tumours in 

Dogs and Cats. Veterinary and Comparative Oncology. 2017;15(2):273–288.  https://doi.org/10.1111/vco.12167  

19. MacGregor JM, Faria ML, Moore AS, Tobias AH, Brown DJ, de Morais HS. Cardiac Lymphoma and Pericardial 

Effusion in Dogs: 12 Cases (1994–2004). Journal of the American Veterinary Medical Association. 2005;227:1449–1453. 

https://doi.org/10.2460/javma.2005.227.1449  

20. Stafford Johnson M, Martin M, Binns S, Day MJ. A Retrospective Study of Clinical Findings, Treatment and 

Outcome in 143 Dogs with Pericardial Effusion. Journal of Small Animal Practice. 2004;45:546–552. 

https://doi.org/10.1111/j.1748-5827.2004.tb00202.x  

21. Yamamoto S, Hoshi K, Hirakawa A, Chimura S, Kobayashi M, Machidaet. Epidemiological, Clinical and Patho-

logical Features of Primary Cardiac Hemangiosarcoma in Dogs: A Review of 51 Cases. Journal of Veterinary Medical 

Science. 2013;75(11):1433–1441. https://doi.org/10.1292/jvms.13-0064 

22. Griffin М, Culp WTN, Rebhun RB. Canine and Feline Haemangiosarcoma. Veterinary Record. 2021;189(9):е585. 

https://doi.org/10.1002/vetr.585 

23. Wakamatsu СN, Potter ВM, Leary D, Boss M, Martin TW.  Retrospective Study Evaluating Outcomes Following 

Palliative Radiotherapy with or without Chemotherapy for Dogs with Presumed Cardiac Hemangiosarcoma. Veterinary 

and Comparative Oncology. 2025;23(3):432–441. https://doi.org/10.1111/vco.13068 

Аbout the Аuthors: 

Kira V. Kokulenko, Veterinary Cardiologist at the Veterinary Oncological Research Center “Biocontrol” (24, build-

ing 10, Kashirskoe shosse, Moscow, 115522, Russian Federation), magnet.ru@mail.ru  

Anna V. Goncharova, Dr.Sci. (Veterinary), Associate Professor of the Department of Veterinary Surgery, Moscow 

State Academy of Veterinary Medicine and Biotechnology – MVA named after K. I. Skryabin (23, Akademik Skryabin 

Str., Moscow, 109472, Russian Federation), ORCID,  аnnatrukhan@mail.ru 

Vladislava K. Illarionova, Cand.Sci.(Biology), Associate Professor of the Department of Physiology, Pharmacology, 

and Toxicology, Moscow State Academy of Veterinary Medicine and Biotechnology – MVA named after K. I. Skryabin, 

Head of the Cardiology Department, Veterinary Oncology Research Center “Biocontrol” (24, building 10, Kashirskoe 

shosse, Moscow, 115522, Russian Federation), ORCID, illarionovapq@gmail.com 

https://doi.org/10.1016/j.jacc.2019.11.021
https://pubmed.ncbi.nlm.nih.gov/?term=%22Wang%20TKM%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Klein%20AL%22%5BAuthor%5D
https://doi.org/10.31083/j.rcm2310336
https://doi.org/10.1016/j.ajem.2022.05.001
https://doi.org/10.52419/issn2782-6252.2024.3.63
https://doi.org/10.2460/javma.235.12.1456
https://doi.org/10.1111/jvim.12253
https://doi.org/10.1111/vsu.13475
https://doi.org/10.1016/j.jvc.2019.01.008
https://doi.org/10.36871/vet.zoo.bio.202308004
https://doi.org/10.1111/jvim.12253
https://doi.org/10.3389/fvets.2024.1256442
https://doi.org/10.1111/vco.12167
https://doi.org/10.2460/javma.2005.227.1449
https://doi.org/10.1111/j.1748-5827.2004.tb00202.x
https://doi.org/10.1292/jvms.13-0064
https://doi.org/10.1002/vetr.585
https://doi.org/10.1111/vco.13068
mailto:magnet.ru@mail.ru
https://orcid.org/0000-0002-2142-2507
mailto:аnnatrukhan@mail.ru
https://orcid.org/0000-0002-7380-6422
mailto:illarionovapq@gmail.com


Kokulenko KV, et al. Clinical, Echocardiographic and Cytological Characteristics of Pericardial Pathologies… 

 

  

A
n

im
al

 p
at

h
o

lo
g
y
, 

m
o

rp
h

o
lo

g
y
, 

p
h

y
si

o
lo

g
y
, 

p
h

ar
m

ac
o

lo
g
y
 a

n
d

 t
o

x
ic

o
lo

g
y

 

43 

Vladislav A. Kostylev, Cand.Sci. (Veterinary), Associate Professor of the Department of Veterinary Surgery, Mos-

cow State Academy of Veterinary Medicine and Biotechnology – MVA named after K. I. Skryabin (23, Academician 

Skryabin Str., Moscow, 109472, Russian Federation), ORCID, vkstylev@rambler.ru 

Claimed Contributorship: all authors made an equally relevant contribution to the preparation of the publication. 

Conflict of Interest Statement: the authors declare no conflict of interest. 

All authors have read and approved the final manuscript. 

Об авторах:  

Кира Владимировна Кокуленко, ветеринарный врач кардиолог ветеринарного онкологического научного 

центра «Биоконтроль» (115522, Российская Федерация, Москва, Каширское шоссе, дом 24, стр. 10), 

magnet.ru@mail.ru 

Анна Витальевна Гончарова, доктор ветеринарных наук, доцент, доцент кафедры ветеринарной хирургии 

Московской государственной академии ветеринарной медицины и биотехнологии – МВА имени К. И. Скрябина 

(109472, Российская Федерация, Москва, ул. Академика Скрябина 23), ORCID,  аnnatrukhan@mail.ru 

Владислава Константиновна Илларионова, кандидат биологических наук, доцент кафедры физиологии, 

фармакологии и токсикологии ФГБОУ ВО МГАВМиБ – МВА имени К. И. Скрябина (109472, Российская 

Федерация, Москва, ул. Академика Скрябина 23), руководитель отделения кардиологии ветеринарного 

онкологического научного центра «Биоконтроль» (115522, Российская Федерация, Москва, Каширское шоссе, дом 

24, стр. 10), ORCID, illarionovapq@gmail.com  

Владислав Алексеевич Костылев, кандидат ветеринарных наук, доцент кафедры ветеринарной хирургии 

Московской государственной академии ветеринарной медицины и биотехнологии – МВА имени К. И. Скрябина 

(109472, Российская Федерация, Москва, ул. Академика Скрябина 23), ORCID, vkstylev@rambler.ru 

Вклад авторов: все авторы сделали эквивалентный вклад в подготовку публикации. 

Конфликт интересов: авторы заявляют об отсутствии конфликта интересов. 

Все авторы прочитали и одобрили окончательный вариант рукописи. 

Received / Поступила в редакцию 11.03.2026 

Reviewed / Поступила после рецензирования 07.05.2026 

Accepted / Принята к публикации 07.05.2026 

  

https://orcid.org/%200000-0003-1405-4213
mailto:vkstylev@rambler.ru
mailto:magnet.ru@mail.ru
https://orcid.org/0000-0002-2142-2507
mailto:аnnatrukhan@mail.ru
https://orcid.org/0000-0002-7380-6422
mailto:illarionovapq@gmail.com
https://orcid.org/%200000-0003-1405-4213
mailto:vkstylev@rambler.ru

	21. Yamamoto S, Hoshi K, Hirakawa A, Chimura S, Kobayashi M, Machidaet. Epidemiological, Clinical and Pathological Features of Primary Cardiac Hemangiosarcoma in Dogs: A Review of 51 Cases. Journal of Veterinary Medical Science. 2013;75(11):1433–1441....

