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   Abstract 

BACKGROUND: The severity of congenital heart disease can range from trivial to life-threatening conditions, 

and clinical signs might have no specific manifestation prior to sudden death. Radiographic and echocardiographic 

examinations of all kittens early in their lives are advisable due to the difficulties of diagnosis based on physical 

examination alone. 

OBJECTIVES: The current study aimed to evaluate echocardiographic and radiographic findings in a group of 

cats with atrial septal defect (ASD) and compare their LV-study with another group of cats with normal cardiac 

indices. 

METHODS: In the group of cats with ASD, medical records were reviewed for signalment, clinical findings, and 

echocardiographic data, as well as measurements in B-mode, M-mode, and color Doppler. In the normal heart group, 

all radiographic and echocardiographic findings were normal and echocardiographic data were compared with the 

same data in the group of cats with ASD. 

RESULTS: We found that the shunt direction in all cats with ASD was left-to-right. The mean left atrial (LA)/aortic 

diameter (Ao) and IVSd were the only two LV-study parameters that were significantly higher in the group of 

patients than the control group. However, other LV-study parameters showed non-significant differences between 

these two groups. The mean IVSs, EF%, and FS% in the patients were higher than the control group, while the mean 

LVIDs in the group of patients was lower than the control group and the mean LVIDd, LVPWd, and LVPWs were 

almost the same in the two groups.  

CONCLUSIONS: The results of this study showed that despite the defect in the interatrial septum of the patients, 

most of their left ventricular echocardiographic parameters showed no significant differences with normal refer-

ences. 
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Abbreviations 

Ao= Aortic diameter in short axis 

AR= Aortic regurgitation 

ASD= Atrial septal defect 

CHF= Congestive heart failure 

EF %=Ejection fraction 

FS%= Fractional shortening 

HT= Hypertrophy 

IVS= Interventricular septum 

IVSd= Interventricular septum in end diastole 

IVSs= Interventricular septum in maximal systole 

LA= Left atrium 

LVIDd= Left ventricular internal diameter in end di-

astole 

LVPW= Left ventricular post wall 

LVPWd= Left ventricular post wall thickness in end 

diastole 

LVPWs =Left ventricular post wall thickness in 

maximal systole 

MR= Mitral regurgitation 

N= Normal 

PR= Pulmonary regurgitation 

RA= Right atrium 

SV =Stroke volume 

TR= Tricuspid regurgitation 

VHS= Vertebral heart score 

Introduction 

Atrial septal defect (ASD) is a congenital disease 

characterized by the communication between the 

two atria owing to a defect in the interatrial septum 

(Thrall, 2017). Cats with severe congenital heart dis-

ease might be examined within the first days to 

weeks of life due to failure to thrive, dyspnea, cya-

nosis, or syncope. However, it is generally believed 

that most kittens with severe cardiovascular malfor-

mations die early in life and prior to veterinary 

examinations (Orton and Monnet, 2017). ASD has a 

prevalence of 10% among cats with congenital heart 

disease. In addition, the diagnosis of heart abnormal-

ities by cardiac auscultation alone is difficult. 

Therefore, para-clinical examinations, such as radi-

ography and echocardiography, are necessary to 

confirm the diagnosis (Tidholm et al., 2015). The 

purpose of this study was to evaluate echocardio-

graphic findings and compare LV-study in cats 

diagnosed with ASD and cats with normal heart con-

ditions. It was hypothesized that LV-study 

parameters would change significantly due to ASD. 

Materials and Methods 
Animals 

This study was performed on two groups consisting 

of 20 cats with ASD and 15 cats with normal cardiac 

indices as the control group. All cases suspicious of 

cardiac disease within the ASD group were physically 

examined and referred to the radiology department. 

Radiographs were taken in lateral and ventrodorsal re-

cumbency, and samples with cardiac protrusions were 

recorded. Next, echocardiography was performed in 

the right parasternal long and short axis, and B-mode, 

M-mode, and Doppler parameters were assessed. Pa-

tients with interatrial defects detected in the right 

parasternal four-chamber view and confirmed by 

color Doppler were included in this study. For the nor-

mal cardiac indices group, physical examination, 

radiographic imaging, and echocardiographic find-

ings showed no sign of cardiac abnormalities. 

Clinical Findings 

The owners of the patients diagnosed with ASD 

in this study had reported hyporexia, retching, 

coughing at night, and respiration with an open 

mouth. Clinical findings were absent in some cases 

and others showed soft, grade 2-3/6 systolic ejection 

murmur over the left heart base and splitting the sec-

ond heart sound. Cyanosis and right-sided 

congestive heart failure (CHF) were absent in all 

cases because the defect sizes were all small. 

Echocardiographic Imaging 

Standard right and left parasternal short and long-

axis views in M-mode and B-mode were obtained 

and reviewed. Short axis left atrial (LA) diameter 

and aortic diameter (Ao) were obtained from a 2D 
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right parasternal short-axis view at the point of max-

imal LA size (Figure 1A). A LA/Ao ratio of ≤1.5 was 

considered normal for this study. The left ventricular 

end-diastolic diameter (LVIDd) and maximal systole 

(LVIDs) were obtained from M-mode tracings ob-

tained from the right parasternal short-axis view with 

the cursor at the level of papillary muscles.  

Other systolic and diastolic measurements, such 

as left ventricular free wall thickness in diastole 

(LVPWd), interventricular septum in end-diastole 

(IVSd), and maximal systole (IVSs), were obtained 

in a similar way (Mattoon and Nyland, 2014). The 

remainder of the left heart measurements were re-

trieved from standard 2D and M-mode 

echocardiographic views. All 2D and M-mode as-

sessments were made on three consecutive cardiac 

cycles whenever possible, and a mean was calculated 

(Schrope, 2013). Following the accurate measure-

ments of described parameters, ejection fraction 

(%EF) and fractional shortening (%FS) were calcu-

lated using the Teichholz formula based on the 

measurements by the echocardiogram (Figure 2). 

Color Doppler imaging was used to confirm the 

shunts and determine their direction (Figure 3). The 

size of ASD was measured in all cats. The maximum 

size of the defect was measured in diastole from the 

right parasternal long-axis view (Figure 1B).  

 

      

Figure 1. B-mode echocardiographic indices in right parasternal (A) measuring LA/Ao at the point of maximal LA size in 

short axis view in which in this case it is 1.16 (B) Assessing the defect size between right and left atria in long axis in which 

in this case it is 2.7mm 

 

      

 

 

Figure 2. M-mode echocardiographic measurements 

at the point of left ventricle in right parasternal short 

axis view.  

Figure 3. Color Doppler Imaging in right parasternal long 

axis view of ASD with left to right shunting  
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Radiographic Assessment 

Lateral and ventrodorsal thoracic radiographs 

were taken (Figure 4). The vertebral heart score 

(VHS) was determined from a lateral view and 

VHS≤8 was considered normal for the present study 

(Kealy et al., 2010). Moreover, thoracic radiographs 

were evaluated for the presence of cardiac protru-

sions and signs of CHF, including pleural effusion 

and pulmonary edema. 

Statistical Analysis 

All LV-study parameters were measured in both 

groups and their mean, standard deviation (SD), 

range, and confidence interval of 95% were calcu-

lated. Shapiro-Wilk test was used to check the 

normality of the data and EF% was the only param-

eter that did not have a normal distribution. The 

mean and SD of all parameters in both groups were 

analyzed using the SPSS 22 (SPSS Inc., Chicago, 

Ill., USA) and statistical comparison was performed 

by the Shapiro-Wilk test.  

The independent samples t-test compared the pa-

rameters with normal distribution, and EF% that was 

not normal was compared utilizing the Mann-Whit-

ney U test. P-value<0.05 was considered statistically 

significant. 

 

    

Figure 4. ASD radiographic images in (A) Ventrodorsal and (B) lateral views. VHS measured from the lateral view was 9 

which indicates cardiac enlargement. Right atrial enlargement is shown with the curve lines in both views. 

Results 

Out of the 20 assessed cats with ASD, ten were 

male and ten were female. Six cats were Persian, 11 

DSH, two Scottish Fold, and one mixed breed. Age 

at diagnosis had a range of 3-22 months. In addition, 

the echocardiographic parameters of 15 cats with a 

normal heart condition at the age range of 6-22 

months were measured for comparison. In the con-

trol group, ten were male and five were female. Even 

cats in this group were Persian and eight cats were 

DSH (Table 1). 

 

Table 1. Scattering state of the group of patients diagnosed with ASD and the control group based on sample size, age, 

gender and breed 

Sample 
Sample 

Size 

Age (months) Gender Breed 

Average Range Male Female Persian DSH 
Scottish 

Fold 
Mixed 

Cats with 

ASD 
20 13.95 3-22 

10 
(50%) 

10 
(50%) 

6/20 
(30%) 

11/20 
(55%) 

2/20 
(10%) 

1/20 
(5%) 

Control 

Group 
15 15.75 6-22 

10 
(66.6%) 

5 
(33.3%) 

7 
(46.6%) 

8 
(53.3%) 

0 0 
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The mean defect size was 3.19 mm and the direc-

tion of all shunts was left to right. Valvular 

regurgitations, mitral, tricuspid, aortic, and pulmo-

nary were detected in color Doppler with the 

prevalence rate of 10% for each. In 75% of the pa-

tients, right atrial dilation and in 10% of them, right 

atrial dilation and right ventricular hypertrophy were 

detected. Furthermore, 55% of the patients had 

thickened IVS and LVPW (Table 2). 

Although all parameters in the ASD group were 

within the normal reference intervals, most of them 

were different from the control group in terms of the 

mean. The mean LA/Ao, IVSd, IVSs, EF%, and 

FS% in patients were higher than in the control 

group. On the other hand, the mean LVIDs in pa-

tients was lower than the control group, and the mean 

LVIDd, LVPWd, and LVPWs were similar in the 

two groups (Table 3). 

 

Table 2. Scattering state of B-mode study parameters in cats diagnosed with ASD 

B- mode Study of The Cats with ASD 

Defect Size Atrium/ Ventricle size 
LVPW & IVS 

size 
Valvular Condition 

Shunt Di-
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3.19 1.7-4.5 
15/20 

(75%) 

2/20 

(10%) 

3/20 

(15%) 

11/20 

(55%) 

9/20 

(45%) 

2/20 

(10%) 

2/20 

(10%) 

2/20 

(10%) 

2/20 

(10%) 

14/20 

(70%) 

20/20 

(100%) 

 

Table 3. The mean, Standard deviation, range and confidence interval of 95% for the means of left ventricular study param-

eters in the group of cats diagnosed with ASD and the group of cats with normal heart condition as a control group. 

 

 

 Upper

Band

 Lower

Band

 Upper

Band

 Lower

Band

16.812.57-224.5714.71712.36-214.2514.7
 Age

(months)

1.511.241-1.90.281.381.231.031-1.50.181.13LA/Ao

0.50.390.3-0.740.110.4480.40.320.23-0.50.0690.36 IVSd(cm)

0.730.550.34-1.030.180.6450.650.50.32-0.810.1310.58IVSs(cm)  

1.391.210.99-1.60.191.31.461.170.7-1.670.2621.32
 LVIDd

(cm)

0.740.580.42-0.980.160.660.830.610.4-10.1930.72
 LVIDs

(cm)

0.520.430.28-0.620.090.470.510.410.32-0.640.0940.46
 LVPWd

(cm)

0.650.550.4-0.80.10.60.690.570.38-0.810.1020.63
 LVPWs

(cm)

86.5071.4044-9416.0079.288.6063.1055.3-940.0981.11EF%

14.2543.1033-8312.0056.6050.5040.0025.7-6310.0045.5FS%

Mean

(n=20)Cats with ASD (n=15)Control Group 

 Confidence  Interval

of 95% for Means
Range

 Standard

Deviation
Mean

Confidence Interval of 

95% for Means
Range

 Standard

Deviation
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LA/Ao (P=0.005) and IVSd (P=0.015) were the 

only parameters with significant differences between 

the two groups of this study (Table 4). Thoracic ra-

diographs were available for review in four cats, with 

all having evidence of cardiomegaly (VHS>9). Fur-

thermore, right atrial enlargement was evident in 

both lateral and VD radiographic views.  

Table 4. Results of the Mean Comparison Test. P-values 

lower than 0.05 were statistically significant and P-values 

higher than 0.05 were statistically insignificant. 

Description P-value 

LA/AO 0.005 

IVSd (cm) 0.015 

IVSs (cm) 0.265 

LVIDd (cm) 0.828 

LVIDs (cm) 0.326 

LVPWd (cm) 0.699 

LVPWs (cm) 0.459 

EF% 0.587 

FS% 0.272 

 

Discussion 

Some cases of this study represented grade 2-3/6 

systolic ejection murmur in their auscultation exam-

ination and some showed no abnormal cardiac 

sounds. It should be noted that feline auscultation is 

challenging because their apical rotation can influ-

ence the point of maximal murmur intensity and the 

small size of the feline thorax causes loud murmurs 

to radiate widely. The gradual onset of pulmonary 

arterial hypertension in cats can alter the character or 

intensity of a murmur over time with some murmurs 

becoming quiet or unapparent (Scansen et al., 2015). 

All these challenges are exacerbated in kittens, caus-

ing the misinterpretation of murmurs in ASD as an 

innocent murmur or as one arising from mild pulmo-

nary stenosis (Ettinger et al., 2017). 

Right-sided volume overload and dilation of the 

main pulmonary artery and its principal branches are 

expected with simple left-to-right shunting ASD 

(Block and Glassman, 2019). The LA does not en-

large because it immediately decompresses into the 

RA. The paradoxical motion of the IVS indicates 

moderate to severe volume overload (Anavekar and 

Oh, 2009). Shunting across an ASD can be visual-

ized with color Doppler imaging and is 

predominately left-to-right. Despite the sensitivity of 

color Doppler imaging, establishing the presence of 

shunt across an ASD using only color or spectral 

Doppler imaging can promote false positive diagno-

sis.  

Normal venous return to the RA is derived from 

cranial and caudal vena cava and the coronary sinus, 

which enters just dorsal to the caudal vena cava. Ve-

nous return from the caudal vena cava tracts along 

the atrial septum and can be readily confused with a 

left-to-right shunting ASD. Turbulent encoding is 

not often visualized in the RA because atrial pres-

sures are so close except for an acquired ASD caused 

by severe MR or another cause of increased LA pres-

sure (Penninck and d'Anjou, 2015). In order to 

reduce false positive results and elevate diagnostic 

accuracy, the evaluation of B-mode and M-mode pa-

rameters is suggested.  

The right atrium, right ventricle, pulmonary ar-

tery, and left atrium are all involved in the shunt 

pathway of an ASD and will all be volume over-

loaded. The left ventricle remains unaffected by the 

shunt. The degree of volume overload depends on 

the size of the defect and the pressure difference be-

tween the left and right atrium (Boon, 2011). Large 

defects cause significant volume overload of the 

chambers and pulmonary artery and may lead to sec-

ondary tricuspid and mitral insufficiencies. In the 

current study, 10% of the patients had mitral regur-

gitation and another 10% had tricuspid regurgitation. 

We observed that the mean LA/Ao in patients was 

significantly higher than in the control group. This is 

potentially due to the effect of the septal defect on 

heart chambers, including the left atrium and its vol-

ume overload. The mean IVSd and IVSs in patients 

were higher than the control group, resulting from 

large volume overloads of the right side of the heart 

and increased right ventricular diastolic pressure 

caused by the overload. When the diastolic pressure 

of the right ventricle exceeds the diastolic pressure 

of the left ventricle, paradoxical septal movement 

occurs so as in diastoles, higher right ventricular di-

astolic pressure pushes the interventricular septum 

toward the left ventricle causing septal flattening. 
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However, left ventricular pressure exceeds right ven-

tricular systolic pressure in systoles, and the septum 

is pushed upward toward the right ventricle. This 

paradoxical movement and volume overload result 

in excessive cardiac output and interventricular sep-

tum hypertrophy. The mean LVIDs in the control 

group were higher than the patients, but this differ-

ence was not statically significant and the mean 

LVIDd was the same in both groups. The insignifi-

cant difference between the mean LVIDs of patients 

and the control group, along with the same mean 

LVIDd in both groups, can be attributed to the intact 

condition of the left ventricle in ASDs with left-to-

right shunting. The lower mean LVIDs in patients 

than in the control group might be caused by the in-

creased cardiac output for pumping the excessive 

blood volume and lowering blood pressure in the 

cardiac chambers. The mean LVPWd and LVPWs in 

both groups showed intact left ventricle in this de-

fect. The mean EF% and FS% in the patients were 

higher than the control subjects due to the augmented 

systolic function of the ventricles for reducing car-

diac pressure and paradoxical interventricular 

movements. As noted earlier, the mean LVIDs in pa-

tients were lower than the control group, which too 

can lead to higher %EF and %FS in patients com-

pared to the control animals. Overall, the present 

study shows that in ASDs with left-to-right shunting, 

most of the left ventricular echocardiographic pa-

rameters are not significantly different from a normal 

heart condition. 
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 چکیده    

ز مرگ ها قبل اهای مادرزادی قلبی از خفیف تا تهدیدکنندۀ زندگی متغیر است و ممکن است هیچ عالئم بالینی خاصی در آنشدت بیماری: مطالعه زمینه

وی های رادیوگرافی و اکوکاردیوگرافی بر رشود که ارزیابیهای تشخیص صرفًا بر اساس معاینات بالینی، توصیه مینشود. با توجه به دشواریناگهانی دیده 

 شان صورت گیرد.ها در روزهای اولیه زندگیتمام بچه گربه

ها با گروه کنترل ( و مقایسه مطالعات بطن چپ آنASDقص دیواره دهلیزی )ها با نهای رادیوگرافی و اکوکاردیوگرافی در گروهی از گربهارزیابی یافته :هدف

 های قلبی طبیعی، هدف این مطالعه بود.های با شاخصشامل گربه

داپلر  و های اکوکاردیوگرافی در مدهای روشنایی، حرکتگیریهای تشخیصی برای ارزیابی عالئم بالینی و اندازههای بیمار، یافتهدر گروه گربه: کار روش

های دهنده سالمت حیوان بودند و دادههای سالم معاینات بالینی، تصویربرداری رادیوگرافی و اکوکاردیوگرافی همگی نشانبررسی شدند. در گروه گربه

 ها در گروه بیمار استفاده شد.ها برای مقایسه با همین دادهاکوکاردیوگرافی آن

تنها پارامترهای مطالعات بطن چپ بودند که در گروه بیماران از  IVSو  LA/Aoر چپ به راست بود. میانگین های بیمامسیر شانت در همه گربه :نتایج

 %FSو  % IVSs ،EF. نظر آماری بیشتر از گروه کنترل بودند، اگرچه در مابقی پارامترها نیز اختالف بین دو گروه مشاهده شد؛ اما از نظر آماری معنادار نبود

 تقریباً در هر دو گروه یکسان بودند.LVPWs و  LVIDd ،LVPWdدر بیماران کمتر از گروه کنترل و  LVIDsبیشتر از گروه کنترل،  در گروه بیماران

نتایج این مطالعه نشان داد که علیرغم نقص دیواره بین دهلیزی، اکثر پارامترهای اکوکاردیوگرافی سمت چپ قلب تغییر معناداری نشان : نهایی گیرینتیجه

 دادند.نمی

 ها، نقص دیواره بین دهلیزیاکوکاردیوگرافی، شانت چپ به راست، گربه  :کلیدی هایواژه

 mmfard@ut.ac.ir نمابر:  70790216111: تلفن. تهران دانشگاهکی دامپزش دهکدانش ب،یقر ترکد ابانیخ تهران، ران،یا :مسئول نویسندة
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