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RESUMO 

 
A função sistólica longitudinal do ventrículo esquerdo em gatos saudáveis foi 
avaliada por meio do deslocamento tecidual do anel mitral (TMAD), comparando-o 
ao strain longitudinal (LSt), ambas técnicas baseadas na ecocardiografia Speckle 
Tracking. Adicionalmente, foram observadas as alterações provocadas pela 
administração prévia de drogas para diminuir a frequência cardíaca, como o timolol, 
ou para tranquilizar os gatos, como a gabapentina e a melatonina. Dessa forma, 
esse trabalho foi subdividido em introdução e três capítulos. O primeiro capítulo 
investigou a utilização do TMAD como método diagnóstico da função sistólica 
longitudinal em gatos saudáveis, realizando ecocardiografia em 193 gatos de 
diferentes raças, pesos e idades. A técnica apresentou moderada variação inter e 
intra-observador, mostrando-se uma ferramenta confiável para avaliação da função 
sistólica longitudinal do ventrículo esquerdo em gatos. O segundo capítulo verificou 
o efeito de uma gota de solução oftálmica de timolol a 0,5% sobre a função sistólica 
do ventrículo esquerdo (VE) e átrio esquerdo (AE) em gatos,  buscando também 
confirmar se essa droga realmente auxilia na avaliação da função diastólica. 
Participaram ao total de 41 gatos saudáveis de tutores, submetidos a duas  
ecocardiografias com 20 minutos de intervalo. Animais do grupo timolol (33 gatos) 
receberam uma gota de solução de timolol após o primeiro exame. O timolol reduziu 
a função sistólica, diminuindo as variáveis ecocardiográficas mais comuns, como 
fração de encurtamento do VE e AE. Quanto à avaliação diastólica, embora a FC 
tenha diminuído, a droga não separou as ondas diastólicas mitrais como esperado. 
Finalmente, o terceiro capítulo descreve o experimento randomizado e duplo-cego 
com 75 gatos saudáveis comparando dois tratamentos tranquilizantes distintos 
(gabapentina, melatonina) com placebo,  administrados imediatamente após os 
exames de controle: eletrocardiografia (ECG) , aferição de pressão arterial sistêmica 
e ecocardiografia (PAS). O intervalo para reavaliação foi de 60 minutos para o 
segundo ECG e PAS, e 70 minutos para a segunda ecocardiografia. Foram 
observadas alterações mínimas nas variáveis, nenhuma capaz de comprometer o 
diagnóstico. Quanto ao comportamento, tanto a gabapentina  como a melatonina 
conseguiram tranquilizar os gatos, embora a primeira droga tenha provocado 
sedação em um maior número de animais.  
 
Palavras-chave: Speckle-tracking; ventrículo esquerdo; função sistólica longitudinal;, 
beta-bloqueador, medicação pré-consulta, tranquilizante 
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ABSTRACT 

 
Left ventricular longitudinal systolic function in healthy cats was evaluated through 
tissue motion annular displacement (TMAD) of the mitral annulus, compared to 
longitudinal strain (LSt), both techniques based on speckle tracking 
echocardiography (STE). Additionally, changes caused by a previous 
administration of drugs to decrease heart rate, such as timolol, or to calm cats, 
such as gabapentin and melatonin. Thus, this work was subdivided into an 
introduction and three chapters. The first chapter investigated the use of TMAD as 
a diagnostic method of longitudinal systolic function in healthy cats, performing 
echocardiography in 193 cats of different breeds, weights and ages. The 
technique showed moderate inter-and intra-observer variation, proving a reliable 
tool for assessing left ventricular longitudinal systolic function in cats. The second 
chapter verified the effect of a drop of 0.5% timolol ophthalmic solution on the 
systolic function of the left ventricle (LV) and left atrium (LA) in cats, also seeking 
to confirm whether this drug helps in the evaluation of the diastolic function. A total 
of 41 client-owned healthy cats were submitted to two echocardiograms 20 
minutes apart. Animals in the timolol group (33 cats) received a drop of timolol 
solution after the first examination. Timolol reduced systolic function, decreasing 
the most common echocardiographic variables, such as LV and LA shortening 
fraction. As for the diastolic assessment, although the HR decreased, the drug did 
not separate the mitral diastolic waves as expected. Finally, the third chapter 
describes the randomized, double-blind trial with 75 healthy cats comparing two 
different tranquillizing treatments (gabapentin, melatonin) with placebo, 
administered immediately after the control exams: electrocardiography (ECG), 
measurement of systemic blood pressure (SBP) and echocardiography. The 
reassessment interval was 60 minutes for the second ECG and SBP and 70 
minutes for the second echocardiography. Minimal changes were observed in the 
variables observed, none capable of compromising the diagnosis. As for 
behaviour, both gabapentin and melatonin managed to calm the cats, although the 
first drug caused sedation in a more significant number of animals. 
 
Keywords: Speckle-tracking; Left ventricle; longitudinal systolic function; beta-
blocker; pre-appointment medication; tranquillizer. 
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INTRODUÇÃO 

 
 

  A avaliação da função sistólica do ventrículo esquerdo (VE) auxilia na escolha 

terapêutica e no prognóstico. Para tanto, a fração de encurtamento obtida pela 

ecografia bidimensional é o índice sistólico mais utilizado, o qual verifica 

principalmente a contração transversal das fibras musculares cardíacas. A função 

sistólica longitudinal geralmente é avaliada por meio do strain longitudinal (LSt) e da 

excursão sistólica do plano do ânulo mitral (MAPSE), o qual mede o deslocamento 

do anel mitral durante a sístole usando-se o Modo-M. Ja o deslocamento tecidual de 

movimento do anel mitral (TMAD - Tissue motion annular displacement) do 

ventrículo esquerdo, é muito semelhante ao MAPSE, exceto por utilizar o a 

tecnologia speckle-tracking para essa aferição. 

  Considerando a importância da função sistólica longitudinal, as médias de 

TMAD e LSt também foram aferidas nos outros capítulos dessa dissertação. O 

capítulo 2 avalia os efeitos da solução oftálmica de timolol instilada previamente à 

ecocardiografia. Tal procedimento foi sugerido para que a diminuição da frequência 

cardíaca provocada por esse fármaco permita a avaliação diastólica durante a 

ecocardiografia. No entanto, como beta-bloqueador, é esperado que o timolol 

também diminua a força de contração.   

  O capítulo 3 compara os efeitos tranquilizantes e cardíacos da gabapentina, 

melatonina ou placebo administrados via oral setenta minutos antes da 

ecocardiografia, ou sessenta minutos antes da eletrocardiografia e aferição da 

pressão arterial sistêmica. Busca-se efetivo relaxamento sem consequências 

hemodinâmicas substanciais que comprometam a avaliação cardíaca desses 

animais. 
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CAPÍTULO 1- Deslocamento tecidual do anel mitral para avaliar a função 

sistólica do ventrículo esquerdo em gatos saudáveis 

 

Giovana Lais Ruviaro Tuleskia*, M.Sc; Marcela Wolfa, M.Sc; Maria Jose Garcia 

Ribeiro Pscheidt, BScb; Júlio Pereira dos Santosa, M.Sc; Marlos Gonçalves Sousaa, 

PhD.  

 

a Laboratory of Comparative Cardiology, Department of Veterinary Medicine, Federal 

University of Paraná (UFPR), Rua dos Funcionários, 1540, CEP 80035-050, Curitiba, 

Paraná, Brazil. 

b Autonomous veterinarian, Curitiba, Paraná, Brazil 

 

*Corresponding author. Email address: gtuleski@yahoo.com.br. Giovana L. R. 

Tuleski -  ORCID 0000-0002-0817-3470 

 

Publicado no revista Veterinary Research Communications no dia 8 de Março de 

2022, citado a seguir: 

Tuleski, Giovana Lais Ruviaro, et al. "Tissue motion annular displacement to assess 

the left ventricular systolic function in healthy cats." Veterinary Research 

Communications (2022): 1-14. 
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Abstract 

The tissue motion annular displacement (TMAD) measures the longitudinal 

displacement of the mitral annulus during systole, using speckle-tracking 

echocardiography (STE). The main objective was to determine the TMAD means in 

healthy cats, exploring the correlations with systolic surrogates. The influence of age, 

body surface area (BSA), heart rate, and systemic blood pressure on the indices was 

also analyzed. One hundred ninety-three healthy, client-owned cats participated in 

this prospective, cross-sectional observational study undergoing conventional and 

STE. Apical four-chamber (AP4) and two-chamber (AP2) images were recorded for 

offline calculations. Mean TMAD values were similar to mitral annulus plane systolic 

excursion (MAPSE), varying between 4 to 4.8 millimeters depending on the annulus 

and image used. No significant differences between age and BSA categories were 

detected, except for AP4 MP%, reduced in the heavier group. TMAD variables 

showed moderate correlation with longitudinal strain (LSt) and MAPSE, but not with 

fraction shortening (FS) and ejection fraction (EF). The median time required for the 

offline calculation was 12.2 s for AP4 and 11.8 s for AP2. The technique showed 

moderate inter and intraobserver variation, proving a reliable tool for assessing left 

ventricular longitudinal systolic function in cats. 

 

Keywords: speckle tracking; strain; longitudinal function; reference range 
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Abbreviations 

AP2 Apical 2-chamber image 

AP4 Apical 4-chamber image 

BSA Body surface area 

ECG Electrocardiography 

FS Fractional shortening 

FW Free wall 

EF Ejection fraction  

GLS Global longitudinal strain 

HCM Hypertrophic cardiomyopathy 

HR Heart rate 

IVS Interventricular septum 

LA Left atrium 

LSt Longitudinal strain 

LV Left ventrilce 

MAPSE Mitral Annular Plane Systolic Excursion 

ROI Regions of interest 

SBP Systolic blood pressure  

STE Speckle-tracking echocardiography  

TDI Tissue Doppler imaging 

TMAD Tissue Motion Annular Displacement  

TMAD MP The displacement (in mm) of a virtual midpoint between the two 

mitral annular regions towards the left ventricular apex 

TMAD MP% The proportional displacement of that midpoint concerning the 

total length of the left ventricle 
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TMAD MV1 Displacement of the septal (AP4) or anterior (AP2) annulus 

towards the apex 

TMAD MV2 Displacement of the lateral (AP4) or inferior (AP2) annulus 

towards the apex 

 

Introduction 

Assessment of systolic function is a cornerstone of echocardiographic 

examination. In conventional echocardiography, fractional shortening (FS) and 

ejection fraction (EF) are widely used as surrogates for systolic function, despite their 

limitations. Measurement of both parameters requires good image quality, has sub-

optimal test-retest reproducibility, fails to evaluate the longitudinal myocardial 

contraction, and neither detects regional dysfunction on the left ventricle (Mizuguchi 

et al. 2008; Zacà et al. 2010; Klaeboe e Edvardsen 2019; Luis et al. 2019).  

While FS measures only the heart's circumferential contraction, EF represents 

longitudinal and circumferential contraction (Hu et al. 2013). However, the 

longitudinal systolic function is routinely less evaluated on echocardiographic 

examinations. The contraction of the longitudinal fibers during systole causes a 

shortening of the left ventricular chamber along its longitudinal axis, promoting the 

displacement of the atrioventricular plane towards the cardiac apex (Zacà et al. 

2010). In humans, their contraction is the primary contributor to left ventricular 

pumping, representing up to 60% of the total cardiac stroke (Carlsson et al. 2007). 

Previous studies have demonstrated that longitudinal systolic dysfunction may be 

apparent before impaired transverse function becomes overt (Luis et al. 2019; Spalla 

et al. 2019). For this reason, practical and easy-to-apply techniques are sought to 

assess longitudinal systolic function in cats. 
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The Mitral Annular Plane Systolic Excursion (MAPSE) is more sensitive than 

EF to detect early longitudinal fibers abnormalities (Hu et al. 2013). When low, 

MAPSE and its right counterpart, Tricuspid Annular Plane Systolic Excursion 

(TAPSE), reveal longitudinal systolic dysfunction in cats with asymptomatic 

hypertrophic cardiomyopathy (HCM), being even smaller in congestive heart failure 

(Spalla et al. 2017)

sensitive index of global contractility of the left ventricle (LV) than EF, reflecting both 

longitudinal shortening and torsional deformation (Chetboul et al. 2004; Simpson et 

al. 2009; Seo et al. 2010). Regrettably, both MAPSE and TDI are angle-dependent 

(Vinereanu et al. 1999; Chetboul et al. 2004; van Dalen et al. 2009; Zacà et al. 2010; 

Hu et al. 2013; Aloia et al. 2016; Spalla et al. 2017). 

In contrast, speckle-tracking echocardiography (STE) is angle-independent 

and determines tissue velocities accurately (van Dalen et al. 2009). The longitudinal 

strain (LSt) has been used to assess the longitudinal systolic function in people 

(Collier et al. 2017; Trivedi et al. 2019), dogs (Tidholm et al. 2009; Chetboul e Tissier 

2012; Zois et al. 2012), and cats (Silva et al. 2013; Spalla et al. 2019; Suzuki et al. 

2019a; Caivano et al. 2020). Cats with preclinical HCM have a decrease in LSt 

(Spalla et al. 2019), highlighting the use of this technique in the early detection of this 

disease.  

Another STE method to estimate the longitudinal function is the Tissue Motion 

Annular Displacement (TMAD), which measures the systolic displacement of two 

regions of interest (ROI) located in the mitral annulus, tracking them towards a third 

ROI at the cardiac apex (Buss et al. 2012). Previous studies observed that TMAD is 

faster than LSt and requires lower image quality (Buss et al. 2012; Black et al. 2014; 

Asada et al. 2018). Another advantage of the TMAD concerning the LSt is that the 
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last one presents a variation in its values according to the software and equipment 

used, this problem being observed in humans (Bansal et al. 2008; Negishi et al. 

2013; Yingchoncharoen et al. 2013; Yang et al. 2015; Ramlogan et al. 2020) and 

dogs (Santarelli et al. 2019). Finally, TMAD was considered a viable method for rapid 

assessment of longitudinal systolic function in humans with HCM (Liu et al. 2014). 

Therefore, TMAD may be useful in the early diagnosis of HCM in cats, although 

further studies are needed to confirm this supposition. 

Our research group was the first to describe the relevance of TMAD to 

evaluate longitudinal systolic function in dogs, both in healthy animals and those with 

heart disease (Wolf et al. 2018, 2021). However, no articles reported a study of 

TMAD in cats on a recent search (January 2022) on two platforms: PubMed and 

ProQuest. In this study, we aimed to explore the potential applicability of TMAD for 

the assessment of longitudinal systolic function in healthy cats. Our goal was to 

clarify whether TMAD is a reliable method compared with LSt and other 

echocardiographic surrogates in cats. Another objective was to determine whether a 

correlation exists between TMAD and LSt, and other echocardiographic parameters 

such as FS, EF, TDI, and MAPSE. Lastly, we investigated whether TMAD alters with 

age, body surface area (BSA), heart rate (HR), and systemic blood pressure (SBP). 

 

Animals, Materials and Methods 

Animals 

Client-owned healthy cats were recruited for this prospective, cross-sectional 

observational study at the cardiology section of a veterinary teaching facility between 

May and July 2019. The experimental unit was the individual animal. All procedures 

were previously approved by the Institutional Animal Care and Use Committee 
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(protocol 014/2019) and complied with the National Institutes of Health Guide for the 

Care and Use of Laboratory Animals. Written consent from owners allowing their cats 

to participate in the study was mandatory.  

All cats underwent a complete physical examination before enrollment, as well 

as SBP measurement, electrocardiography (ECG), conventional and speckle-

tracking echocardiography. The Doppler technique (Binns et al. 1995) was used to 

obtain SBP indirectly by a trained observer (GLRT), acquiring at least five reliable 

values to measure the average. Subsequently, a 2-min recording of a computer-

based ECG was performed. 

The inclusions criteria were: cats more than one year, considered adults 

(Quimby et al. 2021), absence of murmur on cardiac auscultation, no previously 

diagnosed disease, and standard examinations (ECG, SBP, and echocardiography). 

The SBP before the echocardiogram was considered normal up to 160 mmHg 

(Acierno et al. 2018). Animals whose SBP exceeded this value were only included if 

they were patients without a record of arterial hypertension, with at least three normal 

SBP measurements in the last five years. Free plasma T4 excluded hyperthyroidism 

in cats over 11 years old or whenever this disease was suspected.  

Exclusion criteria were established in an attempt to select only apparently 

healthy cats, rejecting cats receiving topical or systemic medication and those 

previously diagnosed with any illness, including chronic systemic hypertension, 

arrhythmias, acquired or congenital heart disease. 

 

Echocardiography  
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All cats underwent echocardiographic examinations1 with electrocardiography 

monitoring using only gentle restraint and no sedation. Positioning followed the 

recommendations of the Echocardiography Committee of the Specialty of Cardiology 

of the American College of Veterinary Internal Medicine (Thomas et al. 1994).  The 

same operator (GLRT) performed all examinations and measurements.  

The FS of the left atrium (LA) was estimated based on the minimum and 

maximum LA diameter from the right parasternal short-axis view image at the aortic 

valve level, using anatomic M-mode(Abbott e MacLean 2013). The ratio between LA 

and aorta was measured at the maximum LA diameter, right after the T wave from 

the ECG, as described before(Rishniw e Erb 2000). A normal relation of LA and aorta 

(LA/Ao <1.6, at the final of the T wave) was considered evidence of normal diastolic 

pressure, combined with a normal diastolic pattern defined by the transmitral outflow 

(E/A>1) and TDI waves (E´/A´>1)(Schober e Chetboul 2015).  

The HCM was ruled out after examining the LV in the right and left parasternal 

long-axis LV outflow view and in the right parasternal short axis view of the left 

ventricle at the level of the papillary muscles. The M-Mode measurements of the LV 

at the papillary level were measured before the QRS to characterize the end of 

diastole as described (Sahn et al. 1978), being 5.5 millimeters the cut-off point for 

HCM (Häggström et al. 2016).  

The left parasternal window allowed the acquisition of apical 4-chamber (AP4) 

and 2-chamber (AP2) images (Thomas et al. 1994). AP4 was used to measure the 

TDI velocities (Koffas et al. 2006) and MAPSE from the interventricular septum mitral 

annulus (MAPSE IVS) and from and free wall (MAPSE FW) as described elsewhere 

                                                        1 Philips Affiniti 50 ultrasound system equipped with 12 MHz phased-array transducer 
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(Mondillo et al. 2006; Spalla et al. 2017). Recording of at least five cardiac cycles of 

AP4 and AP2 images enabled the offline calculation of all TMAD and LSt values.  

Both TMAD and LSt required the measure of the aortic valve closure time from 

the apical 5-chamber image. It corresponds to the time, in milliseconds, from the 

beginning of the QRS complex to the end of the aortic valve spectra obtained with 

the pulsed Doppler gate positioned distal to the aortic valve. 

 

Longitudinal strain  

The LSt was measured offline using speckle-tracking software2 and AP4 and 

AP2 images containing at least five cardiac cycles obtained from standard 

echocardiography. To calculate AP4 LSt, three ROIs were defined from the selected 

frame: the septal and lateral portions of the mitral valve leaflets and the epicardial 

region of the left ventricular apex (Spalla et al. 2019). The equipment's software 

automatically tracked the myocardium and calculated longitudinal deformation (Fig. 

1a). Manual corrections were made whenever auto-tracking was obviously incorrect. 

The mean value from three cardiac cycles in the same frame was used for analysis. 

A similar procedure was used for AP2 images, and the ROIs were defined at the 

anterior and inferior aspects of the mitral annulus (Fig. 1c).  

The average of the LSt values obtained with AP2 and AP4 was assumed as a 

modified global deformation index (Wolf et al. 2018), as it did not include the apical 

three-chamber (AP3) view, as follows:  

GLS =  (AP2 LSt + AP4 LSt) / 2  

 

Tissue motion annular displacement  

                                                        2 QLAB Software with automatic cardiac motion quantification (aCMQ) 
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Mitral annular motion was measured offline as described for LSt, using the 

same ROIs. The displacement of both annuli towards the apex (in mm) was 

automatically calculated. The abbreviation MV1 refers to the displacement of the 

septal (AP4) or anterior (AP2) annulus, while MV2 corresponds to the lateral (AP4) or 

inferior (AP2) annulus. The software also defined a virtual midpoint (MP) between the 

two annular ROIs and calculated its displacement (in mm) towards the left ventricular 

apex, as well as the proportional displacement of that midpoint concerning the total 

length of the left ventricle (MP%) (Fig. 1b, 1d). The mean values from three cardiac 

cycles in the same recording were used to calculate the TMAD. 

The average of the indices obtained by AP2 and AP4 was called global TMAD 

values (Wolf et al. 2021), calculated as follows:  

Global TMAD MP =  (AP2 MP + AP4 MP) / 2  

Global TMAD MP% =  (AP2 MP% + AP4 MP%) / 2  

 

 

 

 

 

 

 

 

 

 

 



 

 23  
Figure 1 - Longitudinal strain and tissue motion annular displacement of the mitral 

annulus in two-chamber and four-chamber apical view 

 
Fig. 1 Above: two apical 4-chamber images demonstrate the longitudinal strain on 
the left (a) and the tissue motion annular displacement on the right (b). Below: two 
apical 2-chamber images display the longitudinal strain on the left (c) and the tissue 
motion annular displace 
 

Intra-observer and inter-observer variability and time requirements  

The same observer (GLRT) randomly reassessed the echocardiography of 18 

patients at least 30 days after the first evaluation to estimate intra-observer 
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variability. A co-investigator blinded to the previous results (MW) assessed the same 

examinations, whose results were used to calculate inter-observer variation.  

Different 23 echocardiographic records were selected to calculate the time 

spent for the offline calculation of the TMAD and LSt. 

 

Age and Body Surface Area categories 

Cats were divided into groups according to age and BSA, allowing the 

investigation of their action on TMAD. The age distribution followed the most recent 

age classification of cats by the American Animal Hospital Association (AAHA) and 

the American Association of Feline Practitioners (AAFP) (Quimby et al. 2021): 1-6 

years (young adult); 7 to 10 years (mature adult); and 11 years or older (senior). The 

BSA categories were: less than 0.252 m2 (<4 kg), 0.253 to 0.292 m2 (4.01 to 5 kg), 

0.293 to 0.330 m2 (5.1 to 6 kg), and more than 0.330 m2 (>6.01 kg). The BSA was 

calculated as described before (Hill e Scott 2004), following the formula: 

BSA (m2)  

 

Statistical analysis 

The Statistica Single User software version 13.2 performed most of the 

analyses, with a significant level of 0.05 (P-value <0.05). Descriptive data analysis 

included mean and standard deviation calculations, minimum and maximum of all 

quantitative variables, and pure frequencies of qualitative variables. The Shapiro-Wilk 

test was used to investigate the normality of the data. Group comparison was 

performed with ANOVA followed by Tukey's or Dunn's posthoc test. The parameters 

with not normally distributed data were adequate for the Kruskal-Wallis test (LSt and 

TMAD MP%). 
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The correlations were investigated using Pearson's correlation coefficient, 

scaled and ranged from -1 to +1, where 0 indicates no linear association. The 

relationship gets stronger as the coefficient approaches an absolute value of 1. They 

were considered weak between 0-1 to 0.39, moderate from 0.40 to 0.69, strong from 

0.7 to 0.89, and very strong above 0.9 (Schober e Schwarte 2018). 

The intra- and inter-observer agreement analysis was performed using the 

interclass correlation coefficient (ICC) with its respective 95%CI and standard error of 

measurement (SEM) (Fleiss 1986; Popovic e Thomas 2017). From the ten different 

ICC formulas, it was used the two-way mixed-effects model (Koo e Li 2016) defined 

for the formula:  

square for error 

The minimum sample size for using the ICC was calculated with a power of 

80%, with a drop of 10%, minimum acceptable reliability of 0.6, and expected 

reliability of 0.85. Its interpretation was based on a Fleiss study: low for values below 

0.40; moderate between 0.40 and 0.75; substantial between 0.75 and 0.90; and 

excellent greater than 0.90 (Fleiss 1986). The Bland-Altman test was used to better 

represent non-normal data as it does not necessarily require a normal distribution 

(Bland e Altman 2010). 

Wilcoxon test was used to compare the median time spent to calculate the 

TMAD and LSt variables on AP4 and AP2. 

 

Results 

A total of 193 client-owned cats (1-19 y/2.5-11.8 kg) were recruited for this 

study (105 females; 56%). The population included crossbred cats (n=172; 89.1%), 
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Persian (n=10; 5.2%), Siamese (n=6; 3.1%), Angora (n=2; 1%), Maine Coon (n=2; 

1%), American Shorthair (n=1; 0.5%), and Bengal (n=1; 0.5%). Most of the cats 

weighed less than 5 kg, i.e., the BSA category below 0.292 m2 (n=127; 65.8%). The 

BSA distribution was as follow: 32.64% (63) less then 0.252 m2 (< 4 kg), 33.16% (64) 

between 0.253 to 0.292 m2 (4.01 to 5 kg), 20.72% (40) between 0.293 to 0.330 m2 

(5.1 to 6 kg), and 13.47% (26) with more than 0.331 m2 (> 6.01 kg). The age 

distribution was: 108 (55.96%) young adults; 48 (24.87%) mature adults; 36 (18.65%) 

seniors, and 1 (0.52%) unknown.  

Table 1 displays the TMAD and LSt results for the studied population. Table 2 

presents TMAD and LSt results according to BSA categories. From all TMAD 

variables analyzed, only AP4 MP% differed by BSA. In contrast, all LSt values were 

lower in heavier cats. The age categories of the animals did not influence LSt and 

TMAD values, as can be seen in Table 3. 
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Table 1 - Conventional and speckle-tracking echocardiographic parameters obtained 

in healthy non-sedated cats 

Variables n Mean Min Max SD 
Age (years) 192 6.6 1 19 4 
Weight (kg) 193 4.8 2.5 11.6 1.3 
SBP (mmHg) 191 141.1 100 220 19.5 
HR (bpm) 193 193.5 145 260 25.9 
FS (%) 193 53.2 25.1 68.5 8.1 
EF (%) 193 86 68.6 95.7 6.3 
MAPSE IVS (mm) 136 4.4 2.3 7.7 0.9 
MAPSE FW (mm) 174 4.7 2.2 7.9 0.9 
Sep S' (cm/s) 189 7.6 4.1 14.3 1.8 
Lat S' (cm/s) 165 7.3 3.9 11.4 1.5 
TMAD Parameters  
AP2 MV1 (mm) 104 4.4 2 6.8 0.9 
AP2 MV2 (mm) 104 4.8 2.2 8.2 1.1 
AP2 MP (mm) 104 4.7 2.5 7.8 1 
AP2 MP% (%) 104 18.5 11.3 26.4 3.4 
AP4 MV1 (mm) 193 4.0 1.6 6.9 1 
AP4 MV2 (mm) 193 4.2 1.8 7.4 1.1 
AP4 MP (mm) 193 4.3 1.9 7.5 1 
AP4 MP%  193 17.6 8.4 30.6 4 
Global MP (mm) 104 4.6 3 7.6 0.8 
Global MP% 104 18 12.7 26 2.7 
Longitudinal Strain  
AP2 LSt (%) 104 28.9 19.9 45 4.6 
AP4 LSt (%) 192 28.3 14.7 45.9 5.1 
GLS (%) 104 29.4 20.4 42.3 4.6 

SBP: systemic blood pression; HR: hear rate; FS: Fractional Shortening; EF: ejection 
fraction; MAPSE FW: mitral annular plane systolic excursion from the lateral annulus; 
MAPSE IVS: mitral annular plane systolic excursion from the 
systolic myocardium wave from tissular 
systolic myocardium wave from tissular Doppler from the lateral annulus; TMAD: 
tissue motion annular displacement; AP2: apical 2-chamber; MV1: point of septal 
mitral annulus; MV2: point of lateral mitral annulus; MP: displacement of a virtual 
midpoint between the two mitral annulus towards the left ventricle apex; MP%: 
percentage value of the midpoint in relation to the total length of the left ventricle; 
AP4: apical 4-chamber; LSt: longitudinal strain of the left ventricle; GLS: global 
longitudinal strain n: total number of individuals; Min: minimum; Max: maximum; SD: 
standard deviation 
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Table 2 - Tissue motion annular displacement and longitudinal strain obtained in 

healthy non-sedated cats according to body surface area categories 

 BAS (m2) < 0.252 m 0.253 to 0.292 m2 0.293 to 0.330 > 0.331 
P-value* 
  Bodyweight (kg) < 4 4.01 to 5 5.01 to 6 > 6.01 

  Mean (n) SD Mean (n) SD Mean (n) SD Mean (n) SD 

TMAD values  
AP2 MV1 (mm) 4.22 (32) 0.97 4.31 (32) 0.88 4.47 (26) 0.88 4.81 (14) 0.78 0.2099 

AP2 MV2 (mm) 4.60 (32) 1.27 4.75 (32) 1.09 4.86 (26) 0.96 5.04 (14) 1.08 0.6261 

AP2 MP (mm) 4.59 (32) 1.1 4.64 (32) 0.98 4.82 (26) 0.83 4.99 (14) 0.87 0.5409 

AP2 MP% 18.65 (32) 3.73 18.96 (32) 3.72 17.4 (26) 2.26 18.94 (14) 3.46 0.3132 

AP4 MV1 (mm) 3.89 (63) 1.00 4.02 (64) 0.94 4.16 (40) 0.89 3.87 (26) 0.94 0.9985 

AP4 MV2 (mm) 4.2 (63) 1.22 4.23 (64) 1.08 4.21 (40) 1.00 4.18 (26) 1.04 0.496 

AP4 MP (mm) 4.28 (63) 1.05 4.29 (64) 0.98 4.31 (40) 0.91 4.13 (26) 0.87 0.8836 

AP4 MP% 18.66a (63) 4.61 17.57 (64) 3.99 16.7 (40) 3.1 16.18b (26) 3.12 0.0205 
Global MP (mm) 4.48 (32) 1.01 4.56 (32) 0.75 4.68(26) 0.69 4.62 (14) 0.58 0.8169 

Global MP% 18.35 (32) 3.08 18.57 (32) 2.69 17.11 (26) 2.03 17.78 (14) 2.29 0.1706 

LSt values (%) 
AP2 LSt  30.25a (32) 4.54 30.19 (32) 4.82 26.35b (26) 3.08 27.42 (14) 4.41 0.0013 
AP4 LSt 29.54a (63) 5.21 28.80 (63) 4.66 26.42b (40) 4.61 27.02 (26) 5.9 0.0095 

GLS 30.94a (32) 4.57 30.27a (33) 4.61 26.80b (26) 3.81 28.46 (14) 4.18 0.0025 

*p value<0.05 means a significant difference 
a, b: Lowercase letters indicate significant differences between the categories (p < 
0.05) 
BAS: body surface area 
AP2: apical 2-chamber; MV1: point of septal mitral annulus; MV2: point of lateral 
mitral annulus; MP: displacement of a virtual midpoint 
between the two mitral annulus towards the left ventricle apex; MP%: percentage 
value of the midpoint in relation to the total length of the left 
ventricle; AP4: apical 4-chamber; LSt: longitudinal strain of the left ventricle; GLS: 
global longitudinal strain 
n: total number of individuals; SD: standard deviation 
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Table 3  Comparison of tissue motion annular displacement (TMAD) values 

between the age categories 

Variables Age category n Mean SD p-valor* 

AP4 MP 
 Young 108 4.32 0.94 

0.4700 Mature 48 4.28 1.03 
Senior 36 4.09 1.00 

AP4 MP% 
 Young 108 17.51 3.73 

0.9930 Mature 48 17.53 4.18 
Senior 36 17.61 4.68 

AP4 MV1 
 Young 108 4.09 0.92 

0.1382 Mature 48 3.93 1.05 
Senior 36 3.73 0.89 

AP4 MV2 
 Young 108 4.30 1.05 

0.2647 Mature 48 4.19 1.16 
Senior 36 3.96 1.18 

*p value<0.05 means a signifcant diference 
AP4: apical 4-chamber; MP: displacement of a virtual midpoint 
between the two mitral annulus towards the left ventricle apex; MP%: 
percentage value of the midpoint in relation to the total length of the 
left ventricle; MV1: point of septal mitral annulus; MV2: point of lateral mitral annulus 
n: total number of individuals; SD: standard deviation 
 
 

Significant correlations between TMAD and echocardiographic variables are 

shown in Table 4. The scatter plots of the moderate correlations between TMAD and 

echocardiographic variables are in Figure 2. When comparing all variables, all 

significant correlations were considered low, such as those with BSA (MAPSE  IVS, 

r= 0.221; TAPSE, r=0.206; AP4 LSt, r= - 0.251; AP2 LSt, r= - 0.341; GLS, r= - 0.286; 

F, r=0.255; Sep 

- 

IVS, r= - 0.173; TAPSE, r= - 0.182), AP2 LSt (TAPSE, r= - 0.201), and GLS (TAPSE, 

r= - 0.256; EF, r= -0.256). 
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Table 4 - Correlations detected between echocardiographic variables and TMAD 
indices 
Variable TMAD indices r CI p-valor 
Age AP4 MV1 -0,155 -0,290 to -0,0140 0,0314 
 AP2 MP -0,208 -0,397 to -0,0321 0,0226 
 Global MP -0,208 -0,3838 to -0,0183 0,0321 
HR AP2 MV2  -0,207 -0,3809 to -0,0130 0,0353 
 AP2 MP -0,195 -0,3680 to 0,0020 0,0468 
 Global MP  -0,194 -0,3676 to 0,0006 0,0469 
BSA AP4 MP% -0,200 -0,3313 to -0,0605 0,0052 
 Global MP% -0,209 -0,3828 to -0,0171 0,0322 
SBP AP4 MV1 0,185 -0,1354 to 0,1464 0,0102 
 AP4 MV2 0,171 -0,1183 to 0,1633 0,0178 
 AP4 MP 0,194 -0,1685 to 0,1131 0,0072 
 AP2 MP 0,208 0,0148 to 0,3858 0,0352 
MAPSE FW AP4 MV1 0,192 0,0396 to 0,3261 0,0113 
 AP4 MV2  0,278 0,1345 to 0,4089 0,0002 
 AP4 MP 0,244 0,0964 to 0,3762 0,0012 
 AP2 MV1 0,337 0,1376 to 0,4842 0,0005 
 AP2 MV2  0,411 0,0274 to 0,3948 0,0001 
 AP2 MP 0,401 0,2139 to 0,5422 0,0001 
 AP2 MP% 0,227 0,0274 to 0,3948 0,0213 
 Global MP  0,390 0,2058 to 0,5349 0,0001 
 Global MP% 0,179 -0,0178 to 0,3543 0,0001 
MAPSE IVS AP4 MV1 0,216 0,0522 to 0,3721 0,0114 
 AP2 MV1 0,320 0,1365 to 0,4834 0,0001 
 AP2 MV2  0,268 0,0814 to 0,4395 0,0061 
 AP2 MP 0,297 0,0769 to 0,4343 0,0024 
 AP2 MP% 0,265 0,0769 to 0,4343 0,0064 
 Global MP% 0,253 -0,0962 to 0,2837 0,0071 

 AP4 MV1 0,185 0,03361 to 0,3289 0,0017 
 AP4 MV2 0,207 0,0556 to 0,3484 0,0078 
 AP4 MP 0,190 0,0385 to 0,3333 0,0144 
AP4 LSt AP4 MP 0,147 0,0048 to 0,2813 0,0422 
 AP4 MP% 0,337 0,2054 to 0,4564 0,0001 
 AP2 MP% 0,255 0,0628 to 0,4227 0,0091 
 Global MP%  0,280 0,0920 to 0,4450 0,0038 
AP2 LSt AP4 MP% 0,242 0,0599 to 0,4203 0,013 
 AP2 MP% 0,458 0,2706 to 0,5821 0,00001 
 Global MP%  0,444 0,2557 to 0,5715 0,00001 
GLS AP4 MP% 0,209 0,0168 to 0,3825 0,0327 
 AP2 MP% 0,285 0,0854 to 0,4412 0,0033 
 Global MP%  0,307 0,1140 to 0,4627 0,0014 
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Figure 2 Scatter plots of the moderate correlations between TMAD and 
echocardiographic variables 

 

The inter and intra-observer variations are demonstrated in Table 5 for all the 

TMAD indexes, including the one without normality, TMAD MP%. Figure 3 displays 

the Bland-Altman graphics for this variable. Most TMAD variables had a moderate 

agreement, except the interobserver TMAD MP and MP%, which showed a 

substation correlation. 

Figure 3 - Bland-Altmann graphic representing inter and intra-observer agreement for 
the variable TMAD MP% (a) interobserver variation; (b) intraobserver variation 
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Table 5  Intra and inter-observer variations for tissue motion annular displacement 
(TMAD) variables obtained for the apical four-chamber image 

Variable ICC  SEM M SD 95%CI 
 (0-1) mm or % 

Intraobserver variation 
TMAD MV1 (mm) 0.72 0.44  3.9 0.8 3.05 - 4.71 
TMAD MV2 (mm) 0.55 0.43 3.7 0.6 2.87 - 4.58 
TMAD MP  (mm) 0.68 0.34 3.9 0.6 3.34 - 4.66 
TMAD MP%* 0.71 1.42 16.5 2.6 14.98- 20.53 
Interobserver variation 
TMAD MV1 (mm) 0.64 0.65 3.9 1.1 Not calculated 
TMAD MV2 (mm) 0.52 0.83  3.8 1.2 Not calculated 
TMAD MP (mm) 0.75 0.52 4.0 1.0 Not calculated 
TMAD MP%* 0.85 1.78 17.7 4.6 Not calculated 
* Variable without normal distribution 
ICC: interclass correlation coefficient; SEM: Standard error of measurement; M: 
mean; SD: Standard deviation; 95%CI: range of 95% confidence interval calculated 
from the mean value  
MV1: point of septal mitral annulus; MV2: point of lateral mitral annulus; MP: 
displacement of a virtual midpoint between the two mitral annulus towards the left 
ventricle apex; MP%: percentage value of the midpoint in relation to the total length 
of the left ventricle 

 

Concerning the time spent, although there was a numerical difference 

between the median time of AP4 LSt and AP4 TMAD (16.9 and 12.2 s, respectively), 

it was not significant (p=0.107, Wilcoxon test). The same happened for AP2 LSt and 

AP2 TMAD (17.46 and 11.8 s, respectively; p= 0.301). 

 

Discussion 

This investigation sought to investigate whether TMAD would be a reliable 

surrogate for systolic function in apparently healthy cats. To date, TMAD has been 

extensively evaluated in people and proved to be a valuable and reproducible 

technique (Buss et al. 2012; Black et al. 2014; Asada et al. 2018; Teraguchi et al. 

2019; Sharma et al. 2021; Teraguchi et al. 2021). In dogs, we recently evaluated 

TMAD and demonstrated its correlation with LSt of the left ventricle (Wolf et al. 
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2018). It was speculated that the results were at least as promising as those 

observed in the species mentioned above. 

Interestingly, most of the mean TMAD values obtained in cats in this 

investigation were lower than those found in dogs within a comparable weight, 

between 1.7 and 8.5 kg (Wolf et al. 2018). A reasonable justification was that the 

mean bodyweight in cats was lower than in dogs, even within a similar weight range. 

Heavier animals with larger hearts present a more significant absolute mitral 

displacement towards the apex (Schober e Fuentes 2001).  

On the contrary, the mean AP4 LSt in this study was higher than those 

observed in cats by other authors (Silva et al. 2013; Spalla et al. 2019; Suzuki et al. 

2019b; Caivano et al. 2020). An explanation may be using different equipment and 

software to acquire the LSt, which has been discussed in human medicine lately 

(Bansal et al. 2008; Negishi et al. 2013; Yingchoncharoen et al. 2013; Yang et al. 

2015; Ramlogan et al. 2020). A study with children found that the mean LSt differed 

between QLAB 10.5 and all other software packages, including contemporary 

versions of QLAB (Ferraro et al. 2020). Coincidentally, the LSt obtained in dogs using 

QLAB 10.5 was also higher than the average found by other researchers with 

different equipment (Kusunose et al. 2013; Wolf et al. 2018), pointing to a tendency 

of this software to acquire higher LSt indexes. Furthermore, the LSt means obtained 

in the present study were similar to small dogs (up to 8.5 kg) using the same 

software version (Wolf et al. 2018). A study with dogs observed significant variability 

of strain variables obtained using different software, being the GLS the most 

reproducible measurement (Santarelli et al. 2019). Still, there is a need to 

standardize the abbreviation GLS in veterinary medicine, which can represent a 

weighted mean of the regional strains, using a single view (AP4) (Santarelli et al. 
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2019), or performing the average of the values from two apical images, AP2 and AP4 

(Wolf et al. 2018, 2021). A reasonable option would be to follow human medicine, 

which refers to the GLS as the average of the values obtained from three apical 

views: AP2, AP3, and AP4 (Johnson et al. 2019). 

As observed in children (Asada et al. 2018), the age categories did not 

influence TMAD values (Table 3). In dogs, although a significant correlation between 

TMAD and age happened, it disappeared when TMAD was normalized by body 

surface area (Wolf et al. 2018). Consequently, there is a need for a longitudinal study 

measuring TMAD values to clarify the effect of age, similarly to what was done 

previously with strain values, having been detected a reduction in the rate of 

maximum longitudinal strain during diastole after six years of follow-up (Sugimoto et 

al. 2021). 

 Regarding the BSA, a positive correlation existed between BSA and AP4 

MP% and Global MP% (Table 4). However, most TMAD parameters did not differ 

among cats of different BSA categories, the only exception being AP4 MP%, which 

decreased with the increase in BSA (Table 2). On the contrary, all TMAD variables 

evaluated in dogs changed following bodyweight, reducing when in percentage 

(MP%) and increasing when measured in millimeters (Wolf et al. 2018). One possible 

explanation might be the slight difference between BSA categories in cats compared 

to dogs.  This hypothesis is supported by the fact that dogs showed a much more 

pronounced decrease in LSt as weight increased, justified by the considerable 

variation in heart size within this species.  

 A low correlation appeared between SBP in almost all AP4 TMAD indices, 

except MP%. Sympathetic activity may explain it, affecting both SBP and contraction 

force. However, there was no correlation between HR and TMAD indices measured 
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in AP4. This lack of correlation was also previously reported in children (Asada et al. 

2018) and dogs (Wolf et al. 2018). Nevertheless, a negative correlation occurred 

between HR and AP2 MV2, AP2 MP, and Global MP (Table 4). The contrary would 

be expected: an increase in HR would raise contraction, called the Bowditch 

staircase effect (Lakkatta 2004), confirmed by the positive correlation between HR 

and FS. The arrangement of the myofibrils may explain these contrasting results. It 

was recently observed that the ventricular mass is organized in a mesh shape with 

myocytes aggregated in tangential alignment and some obliquely in the wall, with 

antagonistic function (Lunkenheimer et al. 2004). If this also occurs in the cat's heart, 

these antagonistic fibers may predominate in the inferior portion of the mitral annulus, 

corresponding to MV2 from AP2 image, explaining the negative correlations found. 

However, it is still a conjecture. 

Concerning the most commonly used systolic indices, FS and EF, TMAD did 

not correlate with them, coinciding with the results from dogs (Wolf et al. 2018)  and 

children (Black et al. 2014). A likely explanation for this finding is that both FS and EF 

acquired from M-mode echocardiography reflect the transversal and circumferential 

fibers (Kocica et al. 2006; Buss et al. 2012; Trivedi et al. 2019), not the target of 

TMAD. On the contrary, TMAD strongly correlated with the EF based on magnetic 

resonance imaging (MRI) in normal children (Black et al. 2014).  The same happened 

in adult humans comparing a TMAD algorithm with EF MRI (Tsang et al. 2010). 

Future studies can confirm whether TMAD values in cats correlate with EF MRI. 

The best correlation between LSt and TMAD occurred in AP2 (Table 4 and 

Figure 2), obtaining two moderate correlations: LSt with MP%; and LSt with Global 

MP%. These findings were not surprising since both methods use STE. Nonetheless, 
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a low correlation was observed between Global MP% and GLS, while studies with 

people (Asada et al. 2018) and dogs (Wolf et al. 2018) found a moderate one.  

Apparently, despite using speckle-tracking technology, TMAD and LSt have 

some very distinct characteristics. For example, TMAD was not influenced by cardiac 

rhythm in dogs, while GLS presented higher GLS values in sinus arrhythmia than 

sinus tachycardia or sinus rhythm (Wolf et al. 2018). The predominant rhythm in cats 

in hospital settings is tachycardia due to the fear reaction (Abbott 2005), requiring an 

investigation with sleeping or sedated cats to verify whether the GLS would be higher 

in sinus arrhythmia or if the mean TMAD values would change in sinus arrhythmia. 

There were moderate correlations between TMAD and MAPSE, while in in 

humans it was observed a strong correlation (Hoit 2017; Mauermann et al. 2020). In 

cats, the strongest correlations were documented when comparing results obtained 

at the same mitral annulus, i.e., MV1 (septal) correlated better with MAPSE IVS and 

MV2 (lateral) with MAPSE FW (Table 4). These results were expected since both 

techniques follow the displacement of the mitral annulus in the longitudinal plane, 

except that the angle-independency from STE presumably makes the TMAD more 

accurate. For this reason, TMAD was also called MAPSESTE by some authors 

(Mauermann et al. 2020), highlighting that both techniques measure the 

displacement of the mitral annulus by different methods, M-mode and STE, 

respectively. Unlike the mentioned authors, who concluded that the TMAD 

underestimates the MAPSE values in M-mode, the TMAD indices in the present 

study were quite similar to the MAPSE ones. 

Comparing IVS and FW annulus for MAPSE acquisition, it seemed that the 

first had better performance, obtaining more correlations with the TMAD variables 

(Table 4). Moreover, FW annulus also presented more correlations with TDI, having 
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Lat s' correlated with all AP4 variables, except MP%. In humans, a strong correlation 

(Buss et al. 2012), although others authors have not 

found it (Teraguchi et al. 2019).  

About the inter-and intra-observer variations, most variables presented ICC 

classified as moderate (Table 4). Surprisingly, two interobserver comparisons were 

substantial (Fleiss 1986), MP and MP%, achieving better performance than the 

intraobserver assessment. Nevertheless, the visual interpretation given by the Bland-

Altman plot of the MP% variability revealed satisfactory repeatability and 

reproducibility (Figure 2). Earlier studies with TMAD obtained a satisfactory 

coefficient of variation in dogs (Wolf et al. 2018) and people (Tsang et al. 2010; Buss 

et al. 2012; Black et al. 2014; Penk et al. 2018; Teraguchi et al. 2019). The moderate 

agreement observed in this study may be due to more significant variability in the 

TMAD indices. An increase in the variability of STE indices was verified by an 

investigation that compared the left ventricular mechanics of mice, rats, rabbits, dogs, 

and humans, using strain imaging (Kusunose et al. 2012; Popovic e Thomas 2017). 

Another unproven possibility is that the HR three times greater than the human could 

make it difficult to correctly track the myocardium since the software was initially 

developed for humans.  

Nevertheless, the SEM results shown in Table 5 provide an expected random 

variation in the scores of normal cats, which may be helpful in further studies with 

cats with HCM and compromised systolic function. 

Concerning time, TMAD was faster to obtain in cats (MD=12.2 s) compared to 

dogs (MD=19.7 s) (Wolf et al. 2018) and slightly longer than reported in humans 

(8.22 and 10 s, respectively) (Tsang et al. 2010; Buss et al. 2012). Although it takes 

less than 15 s to be calculated, the real-time spent with TMAD should also compute 
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the image acquisition for later offline calculation and the time spent selecting the best 

record. The need for the three measurements to obtain the mean is advisable for 

most echocardiographic parameters in cats, so it does not count. However, all these 

mentioned steps also occur to acquire LSt, inherent to the STE. The authors consider 

that the TMAD calculation does not interfere negatively with the day-to-day exam. In 

addition, adequate tracking for calculating the TMAD was possible in all images 

obtained, like dogs (Wolf et al. 2018) and humans (Teraguchi et al. 2019).  

Presumably, this was the first study to mention difficulties in obtaining STE in 

cats due to very low amplitude QRS complexes, even using the maximum 

magnification to increase ECG sensitivity. In general, the software can automatically 

detect QRS complexes and select a frame immediately before the ventricular systole, 

allowing the observer to determine the ROIs. However, sometimes very low QRS 

complexes resulted in incorrect P or T waves identification instead of QRS, producing 

unusual TMAD waves and unreliable LSt values. Provided the echocardiographer 

identifies this problem, TMAD can still be calculated, but failure to recognize this 

limitation can result in incorrect measurements being recorded.  

Some limitations are recognized in this study. First, despite all efforts to 

include only healthy individuals, asymptomatic comorbidities may not have been 

identified based on clinical evaluation and ancillary examinations.  In addition, the 

number and variability of cats included in the study may not represent feline 

populations from other countries, as Brazilian crossbred cats have an average weight 

of four to five kilograms, lighter than observed elsewhere. Lastly, the technique may 

have some disadvantages seen in STE, including the necessity of a simultaneous 

ECG, which can cause more stress depending on the cat's sensibility and the need 

for offline analysis. 
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Conclusion 

This investigation led us to conclude that TMAD is viable to assess left 

ventricular longitudinal systolic function in healthy cats, with acceptable repeatability 

and reproducibility. Since the mitral motion can be easily tracked, TMAD has the 

advantage of not requiring an image quality as high as LSt, encouraging its 

application in routine. In addition, TMAD does not present remarkable discrepancies 

due to the equipment's software as occurs with strain. Even so, like most 

echocardiographic parameters, the TMAD may not be recommended as a single 

surrogate, but it complements the use of other parameters in the assessment of 

systolic function. 

comprehended about how the impairment of systolic function can contribute to the 

progression of the disease. Based on the reference values obtained for the species, 

further investigations may verify whether this technique can early detect systolic 

dysfunction in cats with subclinical HCM, and how this information could help in the 

primary care clinic. Another good purpose would be to define a cutoff value to aid in 

the prognosis of symptomatic patients. 
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Abstract 

Objectives: Ascertain the effect of a drop of timolol ophthalmic solution 0.5% on the 

systolic function of the left ventricle (LV) and left atrium (LA). Confirm if timolol helps 

the diastolic function appraisal by reducing the heart rate and separating the 

transmitral outflow waves from tissue Doppler imaging (TDI). 

Methods: A total of 41 client-owned healthy cats underwent two echocardiograms 20 

minutes apart. The timolol group (33 cats) received a drop of timolol solution after the 

first exam. Standard and speckle-tracking echocardiography evaluated the LV and 

LA function of both groups at the two-time points evaluated. 

Results: Timolol reduced HR (19%), fractional shortening from LV (20.3%) and LA 

43.1% (7.3 to 5.1 cm/s). Most longitudinal techniques did not change after timolol, as 

the mitral annular plane systolic excursion from the interventricular annulus (MAPSE 

IVS), tricuspid annular plane systolic excursion (TAPSE), LV longitudinal strain, and 

LV tissue motion annular displacement. The isovolumic relaxation time increased by 

15.2% (54 to 64.6 ms), with most cats presenting this variable above the reference (> 

60 ms). Timolol did not support diastolic assessment, enabling evaluation in only two 

of eleven cats when using lateral TDI and one from nine cats using septal TDI. 

Regarding side effects, miosis occurred in 18 cats (54.5%).  

Conclusions and relevance: Timolol reduced systolic function, decreasing standard 

echocardiographic variables. As for the diastolic evaluation, although timolol 

decreased the HR, it did not separate the mitral diastolic waves as expected.  

 

Keywords: beta-blocker, tissue motion annular displacement, speckle tracking, atrial 

function  
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Introduction 

An echocardiogram in cats usually activates the fear response, causing an 

increase in heart rate (HR)1,2, systemic blood pressure (SBP)3 and respiratory rate. 

Tachycardia is an undesirable consequence of stress, as it can impede or complicate 

the diastolic evaluation4. At lower HR, there are two transmitral outflow waves: the E 

wave, which corresponds to the filling of the left ventricle (LV) in early diastole, 

followed by the A wave, the peak resulting from the atrial systole5,6. In most cats with 

normal diastolic function, E is greater than A (E/A>1). An HR above 170-180 bpm 

during echocardiography in cats leads to fusion of the mitral outflow waves (EAfus).  

The same occurs with tissue Doppler imaging (TDI), the summation of waves with 

tachycardia (E'A'fus). This technique reflects the myocardial velocity instead of the 

blood movement by placing the Doppler gate at the mitral annulus (IVS or FW). The 

E' wave, called early diastolic mitral annular velocity, is produced during the early 

diastole of the LV, while A' reflects the annulus movement during the left atrium 

contraction5. Normally, E' is expected to be greater than A', although a slightly 

inverted ratio (E'/A' between 0.8 and 1.0) can be considered normal in cats with high 

HR4.  

Fused waves do not allow diastolic assessment, which is essential for 

diagnosis, as the most prevalent heart diseases in cats, cardiomyopathies with 

hypertrophic or restrictive phenotypes, start with impairment of diastolic function4,7,8. 

It is highly recommended to evaluate the diastolic function and classify its pattern 

using a combination of spectral Doppler and TDI. Precocious detection of dysfunction 

can help diagnose early-stage disease. In cats that have already developed signs of 

congestive heart failure or arterial thromboembolism, that is, those classified as stage 

C, diastolic information helps establish a prognosis9. 
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An alternative to avoid summation and enable the diastolic assessment is 

applying a vagal manoeuvre at the time of mitral outflow Doppler or TDI acquisition10. 

It requires the presence of an assistant to perform the parasympathetic stimulation 

correctly at the appropriate moment. Another option is to administer timolol 

ophthalmic solution to block the sympathetic tone and decrease the HR, separating 

the transmitral and TDI waves11. The topical application of timolol has a systemic 

absorption12,13, reducing the HR when administered in cats alone11 or associated with 

topically applied carbonic anhydrase inhibitors, such as dorzolamide or 

brinzolamide14. 

Timolol maleate is the most frequently used drug in managing open-angle 

glaucoma15, although long-term treatment may have adverse effects in humans, such 

as low systolic or diastolic blood pressure16. A nonselective beta-adrenergic 

antagonist such as timolol may reduce the heart´s contraction force17,18, 

compromising the commonly used systolic variables. In consequence, it may also 

modify the left atrium (LA) activity, directly affected by the LV19.  

This study assumed that timolol would alter cardiac function in cats 

undergoing an echocardiogram. In this case, the objective was to determine how 

much a single drop of timolol interferes with the systolic variables obtained by 

standard and speckle-tracking echocardiography. Furthermore, it was expected that 

the echocardiographic indices of the control group would not change after twenty 

minutes of waiting and second handling, even though it could be stressful for the 

cats. 
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Materials and Methods 

Animals 

This prospective longitudinal observational study recruited client-owned 

healthy cats between May and July 2019. Before enrollment, all cats underwent a 

thorough physical examination, SBP measurement with Doppler, electrocardiography 

(ECG), and standard transthoracic echocardiography.  

The Institutional Animal Care and Use Committee (protocol 014/2019) 

previously approved all the procedures complied with the National Institutes of Health 

Guide for the Care and Use of Laboratory Animals. Owners were required to formally 

agree to participate in this research by signing the informed consent form.  

Age limitation was adopted to avoid possible changes in drug metabolism in 

young or old animals, excluding animals younger than one year or older than 14 

years. Cats with elevated SBP prior to the first echocardiogram (>160 mmHg) did not 

participate, as did any cat with a history or signs of heart disease or other chronic 

illness or who had received any treatment in the past six months. 

 

Echocardiography  

All cats underwent two echocardiographic examinations with only gentle 

restraint and no sedation. Positioning followed the recommendations of the 

Echocardiography Committee of the Specialty of Cardiology of the American College 

of Veterinary Internal Medicine20.  The same operator (G.L.R.T.) performed all exams 

and measurements.  

A drop of 0.5% timolol ophthalmic solution containing approximately 0.17 mg 

of timolol (1 millimetre = 30 drops) was instilled at the left eye immediately after the 

first echocardiogram (Control Timolol). A second echocardiogram (Timolol) was 
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performed twenty minutes later, following the same protocols mentioned. The control 

group consisted of 8 cats not receiving the timolol eyedrop, submitted to two 

echocardiograms with 20 minutes between them: "Control 1" and "Control 2", 

respectively. 

 

Left ventricle systolic function 

LV M-mode measurements at the papillary level were determined as 

described by other authors21, allowing the calculation of the most common systolic 

variables, such as fractional shortening (FS) and ejection fraction (EF). The end-

diastolic and end-systolic LV diameters were measured using a leading edge-to-

leading edge technique, with a simultaneous ECG permitting to exactly distinguish 

the cardiac phases. The cutoff point for hypertrophic cardiomyopathy (HCM) was 

considered to be 5.5 mm for any image of the LV22, including the IVS thickness in the 

left ventricular outflow tract view from the right parasternal window. 

Evaluating the longitudinal systolic function of the LV required the acquisition 

of apical 4-chamber (AP4) and 2-chamber (AP2) images obtained from the left 

parasternal window. At least five cardiac cycles were recorded to allow off-line 

calculation of the tissue motion annular displacement (TMAD) measures and the 

longitudinal strain (LSt) values, considering the mean of AP4 and AP2 values as 

global indices. In addition, AP4 was applied to measure the mitral annular plane 

systolic excursion (MAPSE) from the interventricular septum (IVS) annulus and free 

wall (FW) annulus, the tricuspid annular plane systolic excursion (TAPSE), and the 

mitral annular velocities with the gate of investigation on the IVS and FW annulus, as 

described elsewhere5,23.  
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Both LV TMAD and LV LSt required the aortic valve closure time, measured 

from the apical 5-chamber image. It corresponds to the time, in milliseconds, from the 

beginning of the QRS complex to the end of the aortic valve spectra obtained with 

the pulsed Doppler gate positioned distally to the valve24. 

The hinge points of mitral valve leaflets (septal and lateral) and the LV apex 

epicardial region were the three regions of interest (ROIs) used to calculate the LV 

LSt25 (Figure 1a), which was measured automatically by the equipment software 

(QLAB ACMQ - Auto Cardiac Motion Quantification). Manual corrections were made 

whenever the automatic myocardial tracking was obviously incorrect. For LV TMAD, 

the same three ROIs were defined (Figure 1b). The displacement of both annuli 

towards the apex (in mm) was automatically calculated. Also, the software defined a 

virtual midpoint between the two annular ROIs (LV MP TMAD) and calculated its 

displacement towards the LV apex (in mm), as well as the proportional displacement 

of that midpoint concerning the total length of the LV (LV MP% TMAD).  

 

Left atrium function  

The LA FS was estimated based on the minimum and maximum LA diameter 

from the right parasternal short-axis view image at the aortic valve level, using 

anatomic M-mode26. The ratio between LA and aorta was measured at the maximum 

LA diameter, right after the T wave from the ECG, as described before27. The AP4 

was the image used to measure LA dimensions at three different moments based on 

the LA cycle: before P wave, before QRS complex, and after T wave, enabling later 

calculation of the passive (pEF), active (aEF), and complete (cEF) LA ejection 

fraction (EF) as detailed elsewhere28. 
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To calculate LA LSt and LA TMAD, the first two ROIs had the same position 

as the LV at the mitral leaflet hinge points, while the third ROI was defined at the 

cranial inner edge of the LA. The total displacement (LA D TMAD) between the 

maximal negative and positive positions was the average of the displacements 

documented individually for each of the two annular points. The systolic displacement 

(LA S TMAD) was the average movements of the two ROIs between diastasis and 

the maximal positive position. In humans, diastasis is easily recognized by a plateau 

wave29 (Figure 1c). However, as the mean HR in cats is approximately three times 

higher, a plateau phase might not happen. In these cases, it is possible to determine 

the diastasis based exclusively on the simultaneous ECG, pausing the marker 

immediately before the P wave (Figure 1d). 
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Apical four-chamber (AP4) images demonstrating (a) longitudinal strain of the left 
ventricle (LV); (b) tissue motion annular displacement of the LV; (c) tissue motion 
annular displacement of the left atrium (LA) in a patient with low heart rate (150 bpm) 
and a visible plateau (dashed line); and (d) tissue motion annular displacement of the 
LA in a cat with faster heart rate (186 bpm), with diastasis determined by pausing the 
electrocardiogram (ECG) cursor just before the P wave on the ECG (white circle). 
Tissue motion annular displacement (TMAD) AP4 MV1 (in blue) describes the 
displacement of mitral septal annulus towards the LV apex; TMAD AP4 MV2 (in 
orange) is the displacement of mitral lateral annulus towards the LV apex; TMAD 
AP4 MV midpt (in white) signifies the displacement of a virtual point determined in 
between the septal and lateral hinge points of mitral annulus towards the LV apex. In 
(c) and (d), the larger arrows designate the total displacement of the mitral annulus 
towards the farthest point of the LA (LA D TMAD); the shorter ones represent systolic 
displacement to the same point (LA S TMAD) 
 

Statistical analysis  

The study aimed to determine whether timolol would cause differences in the 

cats' echocardiographic variables after its ophthalmic application. The same group of 

animals was compared before and after application (paired quantitative variable). 

The sample size was calculated using GPower 3.1.9.430 with an expected effect of 

80%, a sampling power of 95% and an error of 5% for quantitative measurements 
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and using two dependent samples, reaching the total number of 23 cats for the 

Timolol group. 

Analysis was conducted in R 4.0.5 (R Core Team 2021)31. Initially, a 

descriptive analysis of the data was accomplished with an estimate of the mean, 

median, standard deviation, minimum, maximum, and interquartile range of the 

quantitative variables and simple and relative frequencies of the qualitative variables.  

The Shapiro-Wilk normality test was performed to determine the parametric 

and non-parametric approaches to evaluate the quantitative variables. For variables 

with normal distribution, the difference between two independent groups was verified 

with Student's t-test or paired t-test for dependent groups (cross-over). For variables 

without normal distribution, this difference was verified using the Mann-Withney or 

Wilcoxon U test. P values lower than 0.05 were considered significantly different. 

Finally, Spearman's correlation was adopted to analyze the relationship between HR 

and body weight (BW) for both timolol and control groups. 

 

Results 

Forty-one client-

was composed of thirty-three cats (6.1 y [1-13y]; 5.1 kg [2.1-11 kg]; 18 females). It 

included Persian (n=2), Maine coon (n=1), Siamese (n=1), and mixed breed cats 

(n=29). Eight mixed breed cats participated as control group (8.8 y [3-13y]; 4.5 kg 

[2.1-7.6 kg]; 6 females). 

Most data were normally distributed, except BW, HR, LA and aorta 

measurements at the right transversal image, isovolumic relaxation time (IVRT), TDI 

velocities, MAPSE IVS, MAPSE FW and TAPSE. 
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The mean SBP of the control groups (Control Timolol and Control 1) did not 

differ significantly between them, presenting a mean of 140 mmHg. All animals had 

normal sinus rhythm on ECG recording. 

The echocardiographic indices of the control group presented no significant 

differences between the two exams performed after a twenty-minute interval (Control 

1 and Control 2). On the contrary, the echocardiogram of cats after timolol 

administration showed differences in many indices, as shown in Table 1 and Figure 

2. Figure 3 displays the variations in some of the variables affected by timolol 

(Control timolol and timolol).  
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Table 1 - Standard and speckle-tracking echocardiographic variables in the Timolol 

Group, before the drug administration (Timolol Control) and after (Timolol), and in the 

Control Group, before (Control 1) and after (Control 2) the twenty-minutes interval 

Parameters Control  Timolol p-value* 
Control 
timolol x 
Timolol 

Control 1 Control 2 p-value* 
Control 

1 x 
Control 

2 

  Timolol             

  M SD M SD M SD M SD 
HR 190,8 26,1 160,3 18 <0,001 212,5 20,7 210,6 25,7 0,832 
LAD 12,9 1,5 13,3 1,5 0,251 13,1 < 13,4 1 0,637 
LA FS 35,2 7 30,2 5,3 0,02 34,1 6,7 38 4,3 0,225 
IVSd 3,3 0,7 3,5 0,6 0,34 3,7 0,8 3,4 0,6 0,445 
LVIDd 15,5 2,1 16,4 2 0,093 15,5 1,5 14,3 1,9 0,139 
LVPWd 3,7 0,8 3,8 0,7 0,9 3,6 0,7 3,6 0,5 0,939 
IVSs 6,2 1,4 5,8 1,3 0,374 7,1 1,4 6,4 1 0,4 
LVIDs 7,6 1,6 9,4 1,4 <0,001 6,6 1,1 6,1 1,3 0,101 
LVPWs 6,1 1,1 5,9 1,2 0,567 6,4 0,9 6,3 0,6 1 
FS 51 7,8 42,4 5,6 <0,001 60,4 9,3 58,3 6,4 0,944 
EF 83,3 6,5 76,4 5,8 <0,001 89,7 3,3 90,1 3,4 0,288 
A flow 89,9 17,1 74,1 13,6 <0,001 92,2 20,8 97,3 12,9 0,637 
P flow 83,8 16,6 65,9 15,2 <0,001 82 18,1 78 8,1 0,843 
Sep S' 7,7 2 5,1 0,9 <0,001 8,3 1,4 7,9 1,4 0,554 
Lat S' 7,3 1,7 5,1 0,6 <0,001 7,1 0,7 6,9 1,2 0,64 
IVRT 54,8 8,5 64,6 9,5 0,001 54 8,7 54,5 5,8 0,932 
MAPSE FW 4,5 0,7 4,1 0,7 0,01 4,9 1,4 4,6 1 0,621 
MAPSE IVS 4,4 1 3,9 0,9 0,064 4,7 0,8 4,5 0,8 0,546 
TAPSE 8 1,8 7,5 2,1 0,362 8,8 0,7 8,6 1,5 0,742 
Parameters from 
AP4                     

4C LV LSt 29,6 5,2 28,3 5,9 0,325 24,4 4,3 25,4 4,1 0,723 
4C LV MP TMAD 4 0,9 4 0,8 0,855 4,3 0,6 4 0,8 0,335 
4C LV MP% TMAD 17,2 3,4 16,1 3,1 0,236 17,3 3 16,2 2,4 0,363 
4C LA LSt 36,2 6,6 33,1 6,9 0,052 33,7 7,2 37,2 7,5 0,261 
4C LA D TMAD 2.5 1.2 2.2 1.1 0.618 2.7 1.3 2.3 1.1 0.880 
4C LA S TMAD  2.5 1.7 2 1.3 0,415 2.5 1.3 3.2 2.3 0,47 
4C LA cEF 57,8 6,3 52,8 6,4 0,011 65,1 4,8 62,2 4,8 0,283 
4C LA aEF 43 7,6 39,4 7,6 0,094 43,5 31,1 50,4 9,1 0,812 
4C LA pEF 25,8 8,4 21,8 8,4 0,194 21,9 5,9 22,7 10,2 0,893 
Parameters from 
AP2                     
2C LV LSt 31,5 5,5 30,7 7,5 0,616 27,1 3 24,6 4,1 0,096 
2C LV MP TMAD 4,2 1 4,2 1 0,858 4,6 0,8 4 0,5 0,169 
2C LV MP% TMAD 17,6 4,3 17 4,1 0,492 18,2 2,5 15,7 3 0,155 
2C LA LSt 37,2 7,6 32,9 7,7 0,049 38,3 7,6 35,7 7 0.536 
2C LA D TMAD 3,8 1,1 4 1,2 0,397 4 1,1 4,8 1,7 0.303 
2C LA S TMAD  2.3 1.3 2.5 1.1 0.188 3.2 1,7 2.6 0.6 0.234 
2C LA cEF 56,8 5 51,7 6,4 0,001 63 4,5 60,8 4,9 0,074 
2C LA aEF 44 8.4 40.7 8.9 0.006 52.7 7.5 48.7 8.1 0.594 
2C LA pEF 22,3 8 21,1 10,6 1 25,8 5,1 21,6 10,8 0,296 
Global parameters                     
Global LV LSt 33,9 3,9 31,8 5,4 0,092 25,7 2,7 25 3,3 0,686 
Global LV MP TMAD 4,1 0,8 4,1 0,7 0,918 4,4 0,4 4 0,4 0,076 
Global LV MP% 
TMAD 17,5 3 16,6 2,9 0,287 17,8 2,3 15,9 2,1 0,167 

Global LA LSt 36,9 4,4 32,9 6,1 0,004 36,4 6,5 36,5 4,2 0,971 
Global LA D TMAD 2,4 0,6 2,4 0,7 0.885 4,2 0,9 4,4 1,1 0,876 
Global LA S TMAD 4 0,8 4,1 0,8 0.747 2,7 1,6 1,9 0,4 0.239 
Global LA cEF 57,4 4,6 52,7 4,2 0,001 64 3,5 61,5 4,5 0,132 
Global LA aEF 43,5 5,9 39 5,5 0,006 46,7 14,9 49,9 7,5 0,594 
Global LA pEF 24,2 7,4 22,3 6,5 0,434 23,8 3 22,1 9,8 0,716 
*P-value<0.05 

HR = heart rate; LAD = left atrium diameter; LA FS = left atrium fractional shortening; 
IVSd = interventricular septum thickness end diastole; LVIDd = left ventricular 
internal dimension at end-diastole; 
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LVPWd = left ventricular posterior wall thickness at end-diastole; IVSs = 
interventricular septum thickness at end-systole; LVIDs = left ventricular internal 
dimension at end-systole; LVPWs = left ventricular posterior wall thickness at end-
systole; FS = fractional shortening; EF = ejection fraction; IVRT = isovolumic 
relaxation time; MAPSE = mitral annular plane systolic excursion; FW = free wall; IVS 
= intraventricular septum; TAPSE = tricuspid annular plane systolic excursion; AP4 = 
apical four-chamber; LV = left ventricle; LSt = longitudinal strain; MP = midpoint 
(virtual midpoint determined between the septal and lateral points of the mitral 
annulus); TMAD = tissue motion annular displacement; LA D TMAD = total 
displacement of the mitral annulus towards the farthest point of the left atrium; LA S 
TMAD = systolic displacement of the mitral annulus towards the farthest point of the 
left atrium; LA = left atrium; cEF = complete ejection fraction; aEF = active ejection 
fraction; pEF = passive ejection fraction; AP2 = apical two-chamber 
 

Figure 2 - Percentage of change in echocardiographic indices significantly affected 

by timolol administration  

 

HR= heart rate; FS=fractional shortening of the left ventricle; EF= ejection fraction of 
the left ventricle; LVIDs= left ventricular internal dimension at end-systole; MAPSE 
FW= mitral annular plane systolic excursion measured at the free wall annulus; A 
flow= peak velocity of aortic valve flow; P flow = peak velocity of pulmonary valve 
flow; Sep S'= peak velocity of systolic mitral annular motion as determined by pulsed 
wave Doppler at the septal annulus; Lat S'= peak velocity of systolic mitral annular 
motion as determined by pulsed wave Doppler at the lateral annulus; LA FS= 
shortening fraction of the left atrium; Global cEF= complete ejection fraction of the 
left atrium; Global LA LSt= global longitudinal strain of the left atrium 
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Figure 3 - Boxplots representing echocardiographic indices altered significantly after 

timolol administration. Comparison between the first and second echocardiograms in 

the timolol group (control timolol and timolol) and the control group (control 

1 and control 2). 

 
HR = heart rate; bpm = beats per min; SF = shortening fraction; EF = ejection 
fraction; LVIDs = left ventricle internal diameter in systole; AoV = aortic outflow 
velocity; PuV = pulmonary outflow velocity; IVRT = isovolumic relaxation time 
 

 

Table 2 presents the assessment results of the left ventricular filling pattern 

before and after timolol. The lower HR resulted in an increase in IRVT by 15.2% 

(54.8 to 64.6 ms), with most cats having such variable above the reference range (> 

60 ms)4 after drug administration. Out of 33 cats, only 11 (24.4%) presented fused 

transmitral waves before timolol administration. Similarly, few diastolic TDI waves 

were fused on the control echocardiogram (Control Timolol), only five when 

measured at the IVI annulus (15.1%), and eight at FW annulus (24.2%). The 



 

 66  
"impossibility of diastolic assessment" described in the table refers to the fusion of 

mitral waves or TDI waves preventing diastolic interpretation, as it requires the 

presence of unfused waves in both techniques. 

 

Table 2 - Echocardiographic diastolic alterations before and after timolol 

administration 

Diastolic alteration Control 
(n=33) 

Timolol 
(n=33)     n % n % p-

value 
Enlarged IVRT (>60 ms) 8 24.2 20 60.6 0.003 
EAfus 8 24.2 8 24.2 0.613 

 8 24.2 2 6 0.041 
Impossibility of diastolic 
assessment (FW) 11 33.3 8 24.2 0.552 

 5 15.1 5 15.1 0.500 
Impossibility of diastolic 
assessment (IVI) 9 27.3 8 24.2 0.625 

Data are n (%)  
IVRT = isovolumetric relaxation time; EAfus = fused E and A outflow mitral waves; 

peak velocity of summated E' and A' waves from the the tissue Doppler 
measured at the peak velocity 
of summated E' and A' waves from the tissue Doppler measured at the 
interventricular septum mitral annulus; IVS = interventricular septum 

 

Spearman's test revealed a moderate negative correlation between HR and 

BW (R = -0.290 and -0.393, respectively) for both Control and Timolol groups, with 

evidence of statistical significance for the Timolol group (p = 0.025). 

Concerning the LA TMAD results, most graphs in cats did not show a plateau 

phase (Fig. 1d). A horizontal line during the left atrial diastasis similar to the human's 

diagram29 (Fig. 1c) occurred in a few cats: three in the first echocardiogram of the 

control group (Control 1) and two in the second (Control 2). In the timolol group, four 

cats showed a plateau phase on the first echocardiogram (Control Timolol), 

increasing to eight on the second (Timolol), without statistical significance. 
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Regarding side effects, miosis occurred in 18 cats (54%) and lasted an 

average of 18 hours, eventually reaching up to 80 hours in one cat. A contralateral 

effect on pupil diameter was not seen in the non-treated eye, ending in anisocoria 

(Figure 4). Short-lived ptyalism (<3 min) was observed immediately after timolol 

application in 4/33 cats (12%). 

 

Figure 4 -  Left eye of the cat with miosis due to timolol resulting in anisocoria 

 

 

Discussion 

This investigation sought to assess whether timolol administered in eye drops 

interferes with cardiac variables assessed by echocardiography. In general, cats are 

more sensitive to stressful conditions, although they may hide signs of stress due to 

their survival strategy32. Continued restraining during echocardiography exacerbates 

sympathetic activation, resulting in tachycardia and changes in several variables to 

assess cardiac function. The administration of a beta-blocker could lead to a 

condition closer to physiological, reflecting what the cat was before the sympathetic 
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activation, or it could pass to the other side, i.e., a parasympathetic predomination. 

Probably the second option occurred, given the high number of significantly altered 

variables (17 of 46) in the second echocardiogram of the timolol group (Table 1).  On 

the contrary, in the control group no significant differences were observed between 

the variables from the two echocardiographs performed. Hence, handling twice for 

echocardiograms and the waiting period in a hospital environment did not stress 

sufficiently to raise HR and affect the indices. 

Although timolol has its maximum effect in cats between six and twelve hours 

after administration12, we chose to repeat the echocardiogram 20 minutes later to 

follow the same protocol for the diastolic assessment detailed before11, which 

coincides with the onset of its action after topical administration. As already 

mentioned, timolol applied topically to the eyes has systemic effects, being the HR 

reduction the easiest to observe.  Timolol effectively decreased HR by 19%, from 

~190 to ~160 bpm. The mean decrease of 30 bpm was close to previously described 

(25 bpm)11. Interestingly, another research group observed that a drop of timolol gel-

forming solution did not affect HR four and eight hours later33, suggesting the 

bradycardic effect may not last long. 

As there was a difference in BW between the animals, the dose of assimilated 

timolol was not the same, which may have influenced the variations observed. One 

drop of timolol contains approximately 0.17 mg, with most cats receiving around 

0.033 mg/kg, considering an average BW of 5.1 kg. The dose that the lightest animal 

(2 kg) received was 5.6 times that of the heaviest cat (11 kg), 0.085 and 0.015 

mg/kg, respectively. The difference in dosage may justify the non-alteration of HR 

between the two echocardiograms of the heaviest animal, remaining 150 bpm, 

already a low HR for the species. However, excluding this outlier cat, the others 
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weighed a maximum of 7.5 kg, and all showed a significant drop in HR after timolol. 

Moreover, Spearman's test showed a significant negative correlation between HR 

and BW after timolol, amplifying a tendency already pointed by the control group, 

although without significance. The control's group correlation presumably would also 

be significant in a larger sample, as previously observed in healthy cats22, with HR 

decreasing as BW increases. 

Comparing the results from timolol administration and the vagal manoeuvre 

previously investigated is challenging. Their advantages and limitations are pretty 

balanced, being difficult to determine which is more suitable. Timolol required a 

twenty-minute waiting interval and the HR reduction lasted all echocardiographic 

exam. The vagal manoeuvre produced a more pronounced HR reduction (42 bpm) 

within a few seconds10, lasting a maximum of 15 seconds, allowing systolic 

assessment with usual HR. Still, about one-quarter of animals submitted to vagal 

stimulation had an inadequate response (HR reduction <20 bpm). Although the cited 

investigation did not observe it, a paradoxical tachycardia might result from the 

oculocardiac reflex34. Besides, to separate both the spectral and TDI waves, it might 

be necessary to repeat the stimuli, with the risk of reducing the intensity of the 

decrease in HR due to fatigue, as reported in children35. Finally, the timolol instillation 

seems to be less invasive and more suitable for stressed cats. They may resent the 

mechanical procedures summed to the restrain for the echocardiogram. In dogs, fear 

and pain may be associated with the procedure, being potential reasons for a 

paradoxical HR elevation or absence of response after the manoeuvre10.  

Most systolic surrogates decreased with the use of timolol, such as the 

fractional shortening (FS) and the ejection fraction (EF) (Table 1). The FS, a classical 

echocardiographic variable used to evaluate the radial systolic function, reduced by 
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20.3% (from 51 to 42.4%), coinciding with previously reported11. However, post-

timolol FS was still within the reference range for cats, i.e. between 39 and 51%22. At 

least in normal cats, timolol is not likely to impair the interpretation of the 

echocardiogram. Nonetheless, in cats with HCM, the reduction in FS was already 

demonstrated to be a prognostic surrogate9,36. Mean FS of 42.4% is much closer to 

what was seen in cats with heart failure due to HCM than healthy cats37.  

Interestingly, the variables known to assess longitudinal ventricular systolic 

function, including LV LSt, MAPSE IVS, and TMAD, were less impaired by timolol. A 

possible explanation would be a more potent action of timolol on the transversal 

myocardial fibres. In humans, transverse cardiomyocytes showed to be significantly 

more sensitive to beta-blockers, with studies suggesting a physiological balance of 

antagonism between myocytes38,39. Another explanation relays on the HR variation 

itself, witch affects the radial fibres more pronouncedly than the longitudinal ones, as 

previously described40 . 

A surprising result was the significant reduction of MAPSE FW after timolol by 

9.8%, while MAPSE IVS did not. This finding reinforces the perception that MAPSE 

does not behave likewise when measured on the FW or the IVS annulus, being the 

IVS annulus somehow affected by the right ventricle as already mentioned41. A 

previous study with HCM cats concluded that the MAPSE IVS was the only factor 

predicting pleural effusion on multivariable regression model42, pointing to the 

influence of the right ventricle on this index. The researchers assumed that the IVS 

mitral annulus acts differently from the FW, and changes in its longitudinal function 

could lead to pleural effusion rather than pulmonary oedema. In any case, the 

MAPSE FW decrease pointed that timolol may also have influenced longitudinal 
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fibres, although not sufficiently to change other longitudinal indices previously 

discussed. 

It was interesting to note that many LA variables changed significantly after 

instillation. Considerable LA area measures obtained from AP2 and AP4 images 

increased on the second echocardiogram of the timolol group, affecting LA cEF from 

both 4AP and 2AP. The reductions in LA FS (17%), Global LA LSt (12%), and Global 

LA cEF (9%) suggest a compromise in atrial function once timolol was used. On the 

contrary, the LA TMAD values did not change between exams, requiring more 

understanding of this LA assessment technique to justify its non-alteration. Despite 

presenting potential advantages, such as not demanding high-quality images, the 

use of TMAD to evaluate the LA function has not been validated in cats, being 

previously applied by only one research group in humans29. Curiously, the HR 

reduction promoted by timolol was insufficient to significantly increase the number of 

graphics with a plateau phase signalling the diastasis of the LA, as occurred in 

humans' LA TMAD, suggesting a need for an even lower HR. 

Out of the seventeen variables that changed after timolol (Table 1), the one 

that presented the most remarkable change was the peak systolic mitral annular 

velocity as determined by tissue Doppler (S'). The S' obtained from the 

interventricular annulus reduced by 51% (7.7 to 5.2 cm/s) and 43.1% from the free 

wall (7.3 to 5.1 cm/s). Consequently, timolol lowered the S' velocity to less than 5.2 

cm/s, below the reference range5. Similar results on S' velocity were documented 

before5,8. There is a positive relationship between the S' wave and the HR; however, 

it is impossible to delimit how much the HR reduction may have played a role in such 

a marked decline. It seems that a combination of factors contributed, such as a 

systolic impairment evidenced by the lower FS. Of note, cats with HCM are known to 
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have lower S' wave velocity5,23. In such patients, timolol might difficult the 

echocardiogram interpretation as the cardiologist will not settle if a reduced 

myocardial velocity is a result of the illness or the drug.   

The pulmonary and aortic outflow velocities also decreased (27.2 and 21.3%, 

respectively) with timolol. This reduction seems to be a consequence of the HR 

reduction. A previous study with dogs concluded that an increase in HR leads to a 

faster aortic and pulmonary flow velocity44, insinuating a directly proportional 

relationship between them. 

Regrettably, a low frequency of fused mitral outflow waves was documented in 

the first echocardiogram (Table 2). We speculate that having the cats undergo a 

series of procedures (auscultation, hair clip, ECG, and SBP measurement) before the 

echocardiogram might have contributed to their adaptation to the environment. Also, 

timolol did not separate most EAfus and E'A'fus, which impaired the left ventricular 

filling pressure assessment. In those cats where fused mitral or TDI waves were 

observed (11/33, using TDI IVS; 33,33%), timolol produced the desired separation in 

a few (3/11; 10,1%). In a previous study with timolol, 13/20 cats had a transmitral 

fusion, and the successful separation was achieved in 8 (62%)11. The investigation 

with vagal manoeuvres had better results, effectively separating 71% of the fused 

transmitral flows and 72% of the TDI velocity10. 

The fusion of transmitral waves may be due to increased HR, as mentioned so 

far, or indicate diastolic impairment. A previous study found that cats with HCM tend 

to have more EAfus at lower HR than healthy cats, suggesting that summation may 

indicate diastolic impairment5. However, since the present study aimed to evaluate 

healthy cats, a more likely explanation for the low success of timolol might be the 

combination of factors: an insufficient reduction on HR, few animals with fused waves 
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on the control echocardiogram (Control Timolol), and the separation of only one 

variable (mitral outflow or TDI), not both simultaneously.  

A noteworthy result was the increase in IVRT post-timolol (Table 2). It is a 

diastolic variable influenced by the HR, lasting longer as the HR decreases4. 

Combined with other variables, an enlarged IVRT reveals a diastolic dysfunction45.  

Eight cats in the timolol group had increased TRIV (>60 ms) before instillation (24%), 

which were maintained in the experiment because they did not manifest alterations in 

any other variable and had an HR low enough to justify an increase in this index. 

However, enlarged IVRT more than doubled after using the drug, rising to 20 

(60.6%).  Consequently, the timolol administration might lead to a misinterpretation of 

the cat´s echocardiogram since the enlarged IVRT in these cases reflects the beta-

blocker action and is not associated with a diastolic impairment.  

The administration of timolol ophthalmic solution was initially proposed to 

assist in the early diagnosis of HCM11 since diastolic dysfunction secondary to 

hypertrophy is characteristic of this disease46. However, timolol might not be 

indicated in cats with HCM since it increases IVRT and interferes negatively with the 

systolic function of LV and LA. The instillation would likely make the diagnosis of 

subclinical HCM more challenging. In patients already diagnosed, a low LA FS, a 

classical indicator of poor prognostic9,36, could be due to timolol action and not to the 

disease itself. Besides, there is no data about the effect of timolol in cats in advanced 

stages of cardiomyopathy. 

The ideal would be to adopt a technique to assess diastolic function 

independent of preload and HR. One method that meets this requirement is 

assessing the flow velocity profiles of the left anterior descending coronary artery 

through transesophageal echocardiography47. Another more promising relaxation 
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index is the velocity of propagation of the mitral flow (Vp) 48, obtained during 

transthoracic echocardiography. It measures the rapid filling phase determined by M-

mode colour Doppler echocardiography, being its application reported in humans 

with HCM49 and dogs with dilated cardiomyopathy50. A recent study in HCM cats 

concluded that the decline in Vp is correlated associated with the degree of increase 

in LA, which is significantly associated with the progression of diastolic dysfunction in 

HCM45.  

Interesting, two cats appeared much calmer on the second echocardiogram. 

Their HR decreased slightly more than the mean, from 240 to 185 bpm (22.9%) and 

from 180 to 140 bpm (22.3%). Hence, it is plausible that the observed relaxation 

resulted from a beta-blocker anxiolytic effect51, not from the reduction in HR itself.  

Behavioural assessment was not part of the experimental design, and the 

tranquillizing effect may have been present in other cats and gone unnoticed. 

Although this relaxation was not perceived in the control group, it is not possible to 

exclude the cat's acclimatization in reducing anxiety. 

In this investigation, a drop of timolol did not cause any clinically relevant 

adverse. All the cats likely had miosis on the eye that received the drug (Figure 4), 

but it was observed in only 18 of the 33 cats (54.5%), resulting in anisocoria since the 

contralateral non-treated eye was not affected11,33. A previous study with the 

administration of timolol in normotensive eyes in healthy cats reported a reduction of 

pupil diameter of 38.7% at 30 minutes after treatment in all cats12. Despite going 

unnoticed by a significant part of the owners, anisocoria was disturbing for some of 

them, who reported non-specific behavioural changes, such as hiding or inactivity, 

both common alterations in cats exposed to a hospital environment. 
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Considering that only healthy cats were included, some possible side effects 

were not observed, such as bronchoconstriction52, an important reason to 

contraindicate timolol for cats with feline asthma15. This eye solution might also be 

avoided in elderly cats, as its continued use has been linked to syncope53, 

postprandial head-drops54 and atrioventricular block55 in older people. Many articles 

do not recommend timolol for long-term treatment of glaucoma in cats with cardiac 

diseases15,56, but nothing is known about the effect of a single administration in cats 

with advanced heart failure. On the other hand, some researchers even hypothesize 

that the negative inotropic effect of timolol may help to elucidate the patient's 

response to beta-blockade, particularly in cats with obstructive cardiomyopathy11. In 

the cited study, all the six cats with evidence of dynamic obstruction or hypertrophic 

obstructive cardiomyopathy on baseline echocardiogram had relief of that obstruction 

after timolol administration. 

Moreover, some episodes of ptyalism were reported in this study, which is in 

line with preliminary data11. This excess salivation was not an action of timolol but 

simply a normal cat response to the bad taste of the eye solution that passed through 

the tear duct to the back of the throat. However, since this reaction was short-lived, it 

may have gone unnoticed in most cats, as they usually waited for the second 

echocardiogram in the crate. 

Some limitations were present in this study. Firstly, despite all efforts to select 

only healthy individuals, occult cardiomyopathies might not have been identified. 

Another limitation was the variation in the dose administered, which could be 

resolved by choosing only cats with similar BW or manipulating the ophthalmic 

solution to administer a similar dose for all. The small number of cats with EAfus and 

E'A'fus biased the evaluation of timolol as a facilitator in assessing LV filling 
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pressure. In this case, the owner's awareness that the cat would undergo two 

echocardiograms may have discouraged them from bringing stressed cats to hospital 

environments, with only calmer cats participating in the experiment. A less 

pronounced fear response would result in a control echocardiogram with a lower HR 

and separate transmitral flow. Lately, an intraocular pressure measurement after the 

second echocardiogram could have added relevant information connecting the heart 

effect and eye pressure reduction. 

 

Conclusion  

A drop of timolol ophthalmic solution 0.5% reduced HR and interfered 

negatively with the LV and LA systolic function in healthy cats. It affected many 

variables commonly used in standard echocardiography, such as FS and EF. All the 

cited changes are not desirable in evaluating cats with suspected cardiomyopathy, 

with a risk of misinterpretation. The influence of timolol was milder in the 

echocardiographic indexes known to assess the longitudinal systolic function of the 

LV

were two exceptions, both decreasing significantly after the instillation.  

Lastly, despite not being the objective of the present study, it was found that 

the diastolic evaluation was not benefited by timolol since the decrease in HR was 

not enough to separate the transmitral waves. On the contrary, the drug significantly 

enlarged the IVRT, used applied to classify the diastolic function. 
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Abstract 

Objectives: Verify whether a single oral dose of gabapentin (100 mg per cat) or 

melatonin (3 mg per cat) given sixty minutes before a cardiac evaluation would 

reduce anxiety without interfering with heart rate (HR), systemic blood pressure 

(SBP), electrocardiography (ECG), and echocardiographic indexes.  

Methods: Seventy-five client-owned healthy cats underwent two sets of cardiac 

assessments 60 minutes apart. The animals were randomly divided into gabapentin, 

melatonin, and placebo groups. The interval between the drug administration and the 

second ECG and SBP was 60 minutes and 70 minutes for the echocardiography. 

Standard and Speckle-tracking techniques were applied. A compliance score (CS) 

classified the behaviour, focusing on the easiness of handling. Sedation was defined 

as a more profound relaxation with compromise on environment perception and 

ataxia, being classified by a sedation score (SS). 

Results: -24.9 mg/kg), while 

-0.9 mg/kg). Most variables did not change 

between the exams, with the placebo group showing more significant changes (SBP, 

Tricuspid annular plane systolic excursion -TAPSE, HR during echocardiography, 

-

wave velocity, A'-wave from the lateral mitral annulus, and the interventricular septum 

thickness during diastole) and melatonin (HR during ECG, LA:Aorta ratio). No 

alteration was considered haemodynamically relevant. Gabapentin and melatonin 

significantly decreased the CS of the cats. Eight cats presented mild sedation, seven 

from the gabapentin group and one from melatonin, a significant difference between 

the treatments. No major side effects were observed. 
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Conclusions and relevance: Gabapentin and melatonin relaxed the cats given 60 

minutes before ECG and SBP measurement and 70 minutes before 

echocardiography, without interfering with systolic echocardiographic indexes. 

Gabapentin achieved sedation in more animals. Both substances were considered 

safe pre-appointment drugs for cats. 

 

Keywords: gabapentin, melatonin, compliance score, pre-appointment drug, TMAD, 

longitudinal strain  
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Introduction 

  Cardiomyopathies are frequently diagnosed in cats, although overt clinical 

signs may be absent until the advanced stage1,2. Thus, preventive cardiac evaluation 

is often indicated, especially in older animals or those of increased risk breeds1. 

Domestic cats frequently react aggressively or fearfully in veterinary settings3, not 

allowing echocardiography or SBP measurement handling. The stress generated by 

physical restraint often leads veterinarians to be suspicious of SBP measures, 

speculating whether an elevated SBP value is only due to a sympathetic response, 

the white-coat effect, or evidence of an actual disease4. In this context, previous use 

of a substance to reduce anxiety without compromising cardiac assessment is 

convenient because it does not confound the exams' interpretation, increases the 

cat's welfare, and provides better veterinary care. 

  Gabapentin is a drug known to facilitate both transport and examination of 

cats5,6. Recently, its oral administration two hours before echocardiography proved to 

be effective in tranquilization, although it decreased some systolic echocardiographic 

parameters7. In feline medicine, melatonin is best known for acting in the 

reproductive field8, effectively and reversibly inhibiting endogenous ovarian activity9, 

often recommended to suppress estrus in cats administered orally10 or as an 

implant10,11. Unlike gabapentin, melatonin has not been indicated as a pre-

appointment substance for veterinary use, based on a recent search on two medical 

database platforms (PubMed and ProQuest). However, a meta-analysis reported that 

melatonin has an anxiolytic effect in humans, with high-grade quality of evidence, 

reducing preoperative anxiety12. In veterinary medicine, melatonin provided a 

beneficial calming effect for doubtful dogs 90 minutes after administration and 

reduced the required dose of propofol for anaesthesia induction in trustful dogs13.  
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  Both gabapentin and melatonin have matching time to maximum plasma 

concentration (Tmax) around one hour9,14, which permitted studying them in the same 

trial. Based on this time, the objective of this investigation was to ascertain whether a 

single dose of gabapentin or melatonin would reduce anxiety without interfering with 

heart rate (HR), systemic blood pressure (SBP), electrocardiography (ECG) 

parameters, and echocardiographic indices. Also, despite the maximum effect of 

gabapentin being reached at approximately two hours after oral administration15, we 

sought to investigate if a shorter interval would be enough to tranquillize the cats for 

cardiac examinations.   

 

Materials and Methods 

This study was designed as a prospective, randomized, double-blind, placebo-

controlled investigation and was carried out between July and December 2020 at a 

Veterinary Teaching facility. All procedures were previously approved by the 

Institutional Animal Care and Use Committee (protocol 014/2019) and complied with 

the National Institutes of Health Guide for the Care and Use of Laboratory Animals.  

 

Animals 

Client-owned cats were recruited for the study after a complete physical 

examination was performed. Inclusion criteria comprised a young or mature adult cat 

(one to 10 years old)16, normal auscultation and an ECG trace without arrhythmias. 

Also, cardiac diseases were ruled out by standard transthoracic echocardiography, 

which required a normal myocardial thickness during diastole17, and normal-sized 

cardiac chambers, systolic indices within reference values and normal diastolic 

function parameters1. 
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Exclusion criteria were established to select only cats that appeared healthy 

after checking their medical history and performing a physical examination. Animals 

previously diagnosed with a disease or receiving any medication were not admitted. 

 

Procedures 

The algorithm in Figure 1 describes the procedures from the baseline SBP, 

ECG, echocardiography and behaviour evaluation with the CS, and the subsequent 

randomization, drug administration, waiting period, and the second set of SBP, ECG, 

echocardiography and behaviour evaluation. The schedule was rigorous in terms of 

exactitude, allowing a maximum of five minutes delays. Most of the exams were 

performed during the mornings. 

 

 [insert Figure 1] 

 

The Doppler technique indirectly measured the SBP18, being repeated five 

times and averaged (baseline SBP). Subsequently, a 2-minutes recording of a 

computer-based ECG was performed (baseline ECG). The ECG variables evaluated 

were the HR, mean cardiac axis, QT interval and T wave polarity. On the sequence, 

the first echocardiography was performed (baseline echo). Both ECG recording and 

SBP measurements were conducted in a single room, whereas echocardiography 

was executed in another, which required transporting the cats between them. 

The cats were randomly assigned to receive a manipulated capsule containing 

100 mg of gabapentin (Mdn= 20 mg/kg), 3 mg of melatonin (Mdn = 0.65 mg/kg) or a 

placebo (lactose powder). Locked randomization was used to ensure a balance 

between the groups according to the predetermined 1:1:1 ratio, producing groups of 
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the same size19. All capsules had the same shape and size, packaged in numbered 

bottles (1, 2 and 3). One of the authors (MFS) selected the drugs unaware of the 

capsule's contents, randomly varying the order of treatments each examination day, 

avoiding biases regarding the moment the cat was examined (the first or the last one 

of a sequence). The oral capsule was administered immediately after the baseline 

echocardiography, flushing 2 mL of water with a syringe to help the swallow. The cat 

was kept in a silent, dark room between the two sets of procedures. 

  Sixty minutes later, the same operator (GLRT) carried out SBP measurements 

(drug SBP) and ECG recording (drug ECG). The second echocardiography (drug 

echo) was performed precisely seventy minutes after the drug administration. One of 

the authors (MJGRP) assessed the behaviour during echocardiography. 

 

Echocardiography  

Both echocardiographs were performed by the same operator (GLRT) with the 

cat positioned following the recommendations of the Echocardiography Committee of 

the Specialty of Cardiology of the American College of Veterinary Internal Medicine20.  

The echocardiographic evaluation included the variables from the right 

transversal parasternal view: the M-Mode measurements of the left ventricle, the left 

atrium and aorta ratio (LA:Ao) measured at the maximum LA diameter21, and the 

fractional shortening of the left atrium (LA FS) using anatomic M-mode22. The 

maximum diameter of the left atrium (LAD) was measured right after the T wave 

using right parasternal long-axis four-chamber images23. 

The mitral annular plane systolic excursion from the free wall and 

interventricular septum (MAPSE FW and IVS, respectively), the tricuspid annular 
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plane systolic excursion  (TAPSE), and the mitral annular velocities were obtained as 

described elsewhere24,25.   

Two speckle-tracking echocardiography (STE) variables were applied to 

assess the left ventricle's systolic function: longitudinal strain (LSt) and tissue motion 

annular displacement (TMAD). Either parameter was measured at AP2 and AP4 

images, requiring the aortic valve closure time calculated from the beginning of the 

QRS complex to the end of the aortic valve spectra26.  

The offline calculation of LSt required selecting three regions of interest (ROIs) 

by the operator: the septal and lateral mitral valve annulus and the LV apex's 

epicardial region27. Myocardial tracking was automatically performed by the 

equipment software (QLAB Software - Auto Cardiac Motion Quantification, aCMQ). 

Manual corrections were made whenever the automatic tracking was obviously 

incorrect. 

The TMAD measurement required the selection of the same three ROIs 

already described for LSt28. The software automatically tracked the displacement of 

the two points at the mitral ring towards the apex (mm). Also, a virtual midpoint 

between the two annular ROIs was automatically created, and its displacement 

towards the left ventricular apex was tracked (TMAD MP). Lastly, the proportional 

displacement of this midpoint to the total length of the LV was calculated (TMAD 

MP%). 

 

Compliance score and sedation score 

  For behavioral assessment, we followed the adherence score (CS) as 

previously described5 (Table 1), focusing on reducing signs of stress and aggression 

and increasing adherence in cats during echocardiographic examination. Although 
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the terms "tranquillizer" and "sedative" are often used interchangeably, the present 

study adopted a differentiation between them. Tranquilization was defined as an 

anxiety reduction, while sedation has more potent central nervous system (CNS) 

depression, compromising performance and environment perception29. When 

observed, sedation was classified according to a score developed for cats30, being 

described as sedation score (SS) (Table 1). 

 

[insert Table 1] 

 

Statistical analysis  

A priori power analysis was conducted to determine the minimum sample size 

needed to ensure adequate power to detect a clinically significant effect. The sample 

size calculation was executed in GPower 3.131 with 30% of expected effect, 80% of 

sample power, and 10% error. Based on these assumptions, the sample size 

necessary for detecting a medium effect was 25 for each experimental group 

(gabapentin, melatonin and placebo). 

Analysis was conducted in R 4.0.5 (R Core Team 2021)32. Statistical analysis 

was conducted to test the null hypothesis that there would be no difference between 

therapies with gabapentin, melatonin and placebo concerning the assessment of CS, 

SS, measurements of SBP, ECG, HR and echocardiographic indices.  

Firstly, a descriptive analysis of the data was carried out with an estimate of 

simple and relative frequency and a 95% confidence interval for all qualitative 

variables. The mean, median, standard deviation, interquartile interval and 95% 

confidence interval were calculated for all quantitative variables. The Shapiro-Wilk 

normality test examined whether quantitative variables followed a normal distribution. 
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The difference between two independent groups was verified with paired t-test for 

variables with normal distribution, while the Wilcoxon test was applied for those 

without it. A significant level of 0.05 was adopted (P-value <0.05).  

The analysis of the CS before and after the drugs was performed with Fisher's 

exact test. The sedation was evaluated by classifying the animals as "sedated" and 

"non-sedated", using a corrected chi-square. 

 

Results 

  A total of 75 cats were enrolled in the study. Of these, 42 (56%) were female, 

and 33 (44%) were male; the majority were mixed breed (96%), 2 Persians (2.7%) 

and 1 Bengal (1.3%). The mean age was 5.1 years (SD=2.5; 1-10 years). The 

heavier cat (11 kg) was considered an outlier, but it did not affect the average body 

weight (BW), which was 4.76 kg (SD=1.3; 2.5-11 Kg) with him, and 4.68 kg (SD=1.1; 

2.5-7.4 kg) without it. The same occurred with the BSA: 0.281 m2 (SD=0.051; 184-

0.495 m2) when including all the animals and 0.278 m2 (SD=0.045; 184-0.380 m2) 

without the outlier.  

 Demographic data between the groups are summarized in Table 2. Without adding 

the heavier cat, the mean BW of the gabapentin group would drop from 5.1 to 4.8 kg 

(SD= 0.97), increasing the mean dose from 19.7 to 20,7 mg/kg. 

 

[insert Table 2] 

 

  The distribution of sex between groups was similar: gabapentin had fourteen 

females (56%), melatonin thirteen (52%), and placebo fifteen (60%). The three 

purebred cats were randomly assigned to receive gabapentin. 
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  The continuous variables from the two sets of exams in each group are shown 

in Table 3. Most of them did not present a normal distribution (23/42). Figure 2 

displays the graphic distribution of the variables that significantly altered after 

treatment: five from the placebo group (SBP, Tricuspid annular plane systolic 

excursion -

lateral mitral annulus), three from the gabapentin treatment (E-wave velocity, septal 

A'-wave, and the interventricular septum thickness during diastole - IVSd), and two 

from the melatonin (HR during ECG and the ratio between LA and aorta- LA/Ao).   

 

  [insert Table 3] 

[insert Figure 2] 

 

  The behaviour assessment using CS before and after the treatment is 

displayed in Table 4. No cat was categorised as a 3 score, i.e. extreme struggling 

with or without urination or defecation. According to the CS results, gabapentin was 

the only substance that managed to drop it from 2 to 0 in 4/25 cats (16%), bypassing 

the intermediate score between them.  Only eight cats were considered sedated, i.e., 

they produced sufficient CNS depression to cause muscle relaxation and an 

apparent unawareness of the environment29. even belonged to the gabapentin group 

(28%), including the Bengal and the 11 kg outlier cat, and one to the melatonin group 

(4%). Therefore, gabapentin significantly provoked more sedation than other 

treatments (P=0.004). Finally, the sedation in all patients was considered mild (SS 

score 1, Table 1). 

 

[insert Table 4] 
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  Side effects were only documented in cats given gabapentin. Mydriasis was 

observed in one cat (4%), whereas nine cats (36%) presented drowsiness at home. 

Of note, a single cat treated with gabapentin changed the polarity of the T wave on 

the ECG trace (negative to positive), whereas most of them maintained the baseline 

polarity. 

 

Discussion 

    

  The restraint in a veterinary environment generates stress, fear and anxiety 

and may activate two important pathways: the sympathoadrenal (SA) and the 

hypothalamic-pituitary-adrenal (HPA)33. SA is characterised by the epinephrine and 

norepinephrine release from the adrenal gland and subcortical areas of the brain. It is 

the classic fight, flight, or freeze response, enabling the animal to respond 

physiologically with increased cardiac output and HR. The activation of the HPA by 

the amygdala results in glucocorticoid secretion, with multiple systems redirecting 

energy resources to satisfy existing demands. Gabapentin and melatonin interact in 

both pathways, although their mechanisms of action are distinct 34 37. 

   Gabapentin binds and blocks the calcium channel alpha2-delta protein38, 

decreasing the release of excitatory neurotransmitters and peptide neuromodulators, 

lowering anxiety and pain and controlling seizures. In humans, gabapentin can also 

reduce cortisol39 and inhibit the sympathetic system37. Melatonin also operates on 

both stress routes. Its synthesis by the pineal gland is controlled by the hypothalamic 

suprachiasmatic nucleus, which stimulates its production at night and inhibits it by 

daylight. Once secreted into the blood and cerebrospinal fluid, melatonin modulates 
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pituitary cellular activities34 and has analgesic, anti-inflammatory, antioxidant, and 

circadian rhythm effects12,34 36,40,41. Such a variety of actions makes it difficult to 

determine how an anxiolytic result is achieved, and the interaction of many of them is 

likely to cause relaxation12. 

  Minimal cardiovascular effects were observed after administering either 

gabapentin, melatonin or placebo to cats in a hospital environment. Interestingly, 

there were more changes in the second set of exams of the placebo group than in 

those receiving an active substance (Table 3, Figure 2). Nonetheless, these 

differences have no haemodynamic implications that could impair the 

characterization of cardiac function.  

  Although changes in the placebo group were deemed irrelevant to 

cardiovascular function, it is worthy to speculate why they occurred. They must be a 

consequence of the procedures performed, including the interval between the two 

sets of exams. Interesting, SBP significantly decreased on the second measurement, 

suggesting that waiting in a dark silent room can relax cats and decrease 

sympathetic tone. Additionally, a dark-stimulated melatonin release could have 

contributed to this finding. In rats, long-term exposure to continuous darkness for ten 

days led to an increase in serum melatonin42, but little is known about the 

consequence of only one hour in a dark room during daytime.  

  On the contrary, most of the changes on the second echocardiography of 

placebo evidenced a sympathetic tone predominance (Figure 2). The transportation 

of the animals from one room to another may have triggered a stress response, 

increasing HR during echocardiography, aortic flow velocity, and the systolic annular 

velocity (S' wave). Since these cats were not on any tranquillizer, this group might 
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have shown better the nuisance of being carried, taken in and out of the cat carrier, 

handled, and restrained repetitively.    

  Fewer variables altered significantly after administering gabapentin, and none 

was directly related to systolic function. Gabapentin caused an increase in the 

interventricular septum thickness during diastole (IVSd) and the mitral E wave 

velocity and a decrease in the mitral annular A' wave velocity (Figure 2). As already 

mentioned, these insubstantial changes have no implications for overall cardiac 

assessment. In contrast, a previous study with a much longer interval between drug 

administration and the subsequent echocardiography (120 minutes) observed a 

modest reduction in systolic function in healthy cats, highlighted by an increment in 

the left ventricle diameter during systole (LVIDs) and a decrease in the two-

dimensional fractional shortening7. In our investigation, the contraction force was 

preserved, emphasised by STE, with the longitudinal strain (LSt) and TMAD keeping 

their values  after the drug was given. It is possible that the smaller interval adopted, 

almost half of the previous one, contributed to preserving systolic function. As 

documented previously, gabapentin maintained all parameters within the reference 

range for healthy cats7. 

  Melatonin was the substance that less interfered with cardiovascular 

physiology (Table 3). An acute soporific effect of melatonin given in daytime was 

observed in humans, independently of the time of application43. Due to the darkness, 

endogenous melatonin may also have been secreted. The summation of 

endogenous and exogenous melatonin induced these cats into a deeper drowsy 

state. The sudden withdrawal from the dark environment may have activated 

sympathetic tone44, increasing ECG-derived HR. Subsequently, HR dropped to its 

normal range in a hospital environment, despite being higher than the one observed 
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at home45. The other significant difference observed was a minor decrease in the 

LA/Aorta ratio (from1.3 to 1.2) on the second echocardiography, which was also 

observed in dogs with mitral myxomatous degeneration after four weeks of melatonin 

supplementation (2mg/kg)46. 

   Regarding the behavioural assessment, we chose to perform it during the 

echocardiography because this exam requires more prolonged restraint than SBP 

measurement or ECG recording. The search to reduce anxiety aims to allow better 

echocardiographic images, enabling the diagnosis. The CS was chosen for the 

evaluation because the goal is to have greater compliance. Another alternative to 

classifying behaviour would be the seven-level cat stress  score (CSS)47, based on 

the cat's assessment score48, and designed to interpret the cat's behaviour without 

manipulation. Despite being widely used, there is no evidence that the CSS is more 

effective in stress analysis, as there is no correlation between its scores and the 

urinary cortisol/creatinine ratio (C:Cr)49. Furthermore, the CS classification was a 

straightforward way to assess the cats since it has only four levels (Table 1). 

  Interestingly, all cats tended to be more relaxed in the second set of exams, 

even when treated with a placebo (Figure 3). As already speculated, a dark-induced 

melatonin secretion may have helped tranquillize the cats in the placebo group. 

However, only the gabapentin and melatonin groups significantly reduced SC (Table 

4). Unfortunately, most cats were already easy to handle at baseline (score 0). A 

sample with more animals classified with higher CS might have helped differentiate 

the effects of the two substances. Still, gabapentin as a pre-appointment medication 

had already been amply proven. Regarding melatonin, its use in dogs before 

anaesthesia reduced the induction dose of propofol113. Additionally, melatonin's 
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action may be more potent with a longer interval, higher dose50, combined with 

gabapentin51, or with a preceding administration. 

   The proportion of sedated cats after gabapentin was given was lower than in 

previous investigations (7/25, 28%). Recently, a study demonstrated sedation in 5/10 

(50%) of the cats 60 minutes after oral administration of a higher dose of gabapentin 

(27.9 ± 2.6 mg/kg) 7. Another investigation mentioned sedation as an at-home side 

effect observed by the owners in 12/20 (60%) cats5. On the contrary, an experiment 

comparing gabapentin (50 mg and 100 mg) and placebo in community cats kept in 

cages without handling found no difference in sedation scores between treatments, 

even though there were variable signs of relaxation15. It is worth mentioning that 

many papers use the terms sedation and tranquillization as synonymous, which 

might have influenced the conclusions mentioned upward. Additionally, there is still 

no consensus on whether gabapentin really causes sedation, although some cats 

became ataxic and slower, but not overtly sedated as they would be with a 

combination of acepromazine and butorphanol, or acepromazine, butorphanol, and 

ketamine52. 

  Melatonin achieved mild sedation in only one cat. As already mentioned, it is 

not expected that neither gabapentin nor melatonin would cause proper sedation in 

animals when administered alone. However, melatonin-induced sleep provided an 

alternative to conventional sedation in human pediatric patients (<4 years) submitted 

to magnetic resonance imaging, causing 65% of them to sleep when given 30 

minutes before the procedure53. Another investigation described melatonin-induced 

sleep as an excellent alternative to sedation, especially in children younger than 

three years54. Therefore, it is more liable that the cat of the present study was not 

under actual sedation but was almost asleep. 
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   Our study's interval between drug administration and the CS classification 

was based on Tmax. In rats, gabapentin readily crosses the blood-brain barrier (BBB) 

and concentrates in brain tissue via an active transport process, achieving maximum 

brain interstitial fluid concentration at approximately one hour55. It accumulates 

intracellularly in brain tissue and has a low degree of binding to plasma proteins 

(3%), resulting in similar drug concentrations in cerebrospinal fluid and blood 

plasma56. Therefore, this drug's pharmacokinetics/ pharmacodynamics relationships 

might explain why the sedation is achieved coincidently with its Tmax. However, the 

Tmax of oral gabapentin in cats varies across publications, ranging from 63 minutes14 

to 100 minutes57 after an oral dose of 10 mg/kg. The variation can be explained by 

higher bioavailability or differences in sampling sites and times57. Coincidentally, a 

previous study with gabapentin proved that 60 minutes was enough to reach its 

maximum sedation, while the highest stress reduction was only achieved after two 

hours15. In our experiment, the opposite occurred, with most cats tranquillizing 70 

minutes after gabapentin and only a few exhibiting sedation. Of note, the excessive 

handling and transport from the ECG room to the echocardiography room might have 

interfered with the degree of CNS depression. 

  The amphiphilic nature of melatonin allows it to easily cross cellular and 

morphophysiological barriers, including BBB58, which would justify considering that its 

maximum tranquillizer effect would coincide with its Tmax. The brain has abundant 

melatonin receptors, permitting it to exert multiple effects59. However, little is known 

about melatonin's pharmacokinetics in cats, and the investigation available focuses 

on its reproductive action9. For this reason, it is impossible to specify the moment 

tranquilization will take place precisely. In dogs, oral melatonin administration 

required 90 minutes to calm them in preoperative circumstances13. 
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  The cats of this research well tolerated the tested substances, and no notable 

side effects were documented. Drowsiness was the only alteration reported by 

owners during the day of gabapentin treatment, as seen in people60 and cats6. Also, 

mydriasis was noticed in one cat during the second echocardiography. The pupillary 

diameter was unchanged in dogs given gabapentin orally for three days61, and 

mydriasis is recognized as a rare side effect in human beings, being considered a 

psychophysical indicator of CNS depression62.  

  An interesting finding was the change in T wave polarity between the ECG 

tracings of a cat receiving gabapentin. A previous investigation with 

dexmedetomidine, another sedative drug, also showed inversion on T wave polarity 

in 2/11 (18%) cats63. Drug-induced T-wave inversion is uncommon, and its 

explanation is unclear64. Although this modification is not alarming in this species 

since positive, biphasic, or negative T waves are considered normal65, its clinical 

importance warrants further understanding.  

  The limitations of this study need to be acknowledged. The adopted CS 

classification is not widely validated concerning behavioural assessment. Compliance 

is a categorical variable, most likely to be biased and might require larger samples. 

Most of the included cats accepted handling already in the first echocardiography, 

and none of them was classified with the maximum CS. Whether the CS level had 

been higher, the effects of the treatments might have been even more evident, or 

one substance might have overlapped the other. Consequently, the experiment could 

not clarify whether the tested substances would allow the management of extreme 

struggling cats. Finally, melatonin is not subject to the same standardization required 

for approved drugs, which may interfere with future results. 
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Conclusions 

  Oral gabapentin or melatonin given to cats 70 minutes before 

echocardiography effectively reduced CS without causing substantial changes in HR, 

SBP, ECG and most echocardiographic variables, including surrogates for systolic 

function. The shorter interval adopted for gabapentin is a considerable advantage, as 

most studies with this drug advise waiting 120 minutes to achieve maximum effect. 

Our findings facilitate the practice of feline cardiology, allowing the administration of 

gabapentin in the hospital once the waiting interval is briefer than previously 

recommended.  

           Although melatonin improved compliance with fewer changes in 

echocardiographic variables than other treatments, this was the first study of its use 

as a pre-appointment medication. According to evidence-based medicine, further 

investigations should be conducted to confirm the present findings. If confirmed, 

melatonin has the benefit of being an over-the-counter nutraceutical in most 

countries, making it easier to obtain and less harmful. 
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Figures 
 

Figure 1 - Algorithm describing the sequence of procedures, starting with baseline 

exams (electrocardiography, systemic blood pressure measurement and 

echocardiography), followed by the drug administration, interval, and second set of 

exams 

ECG: electrocardiography; SBP: systemic blood pressure measurement 
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Tables 
 
Talbe 1  Compliance score (CS) and sedation score (SS) 
 
Score CS1 Score SS2 

0 No resistance to handling 0 No sedation 
1 Minimally resistant to handling 1 Standing but unstable 
2 Struggling and difficult to handle 2 Sternal recumbency 

3 
Extreme struggling with or without urination 
or defecation 3 Can lift head 

    4 
Asleep or unresponsive to 
clap 

1: van Haaften et al, 2017; 2: Steagall et al, 2009    
Table 2  Means of age, body weight, body surface area and drug doses in 

gabapentin, melatonin and placebo treatments  

Variable 
Gabapentin Melatonin Placebo 

Mean (SD) Min Max Mean (SD) Min Max Mean Min Max 

Age (years) 4.8 (2.4) 1 9 5.3 (2.3) 1 10 5.1 (2.7) 1 10 

BW (kilos) 5.1 (1.6) 3.05 11.0 4,7 (1.2) 2.5 7.4 4.5 (1.3) 2.9 7.3 

BSA (m2) 0.293 
(0.057) 0.210 0.348 0.278 (0.047) 0.184 0.380 0.272 (0.049) 0.203 0.376 

Dose 
(mg/kg) 19.6 (5.3) 9.09 32.79 0.7 (0.2) 0.41 1.20 - - -  

BW: body weight; BSA: body surface area; SD: standard deviation; Min: minimum 

value; Max: maximum value   
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Table 4 - Behavioural assessment using the compliance score (CS) in gabapentin, 

melatonin and placebo groups before and after the treatment 

CS 
Control Drug p-value* 

N % N % 
Gabapentin 

0 10 40% 19 76% 
1 9 36% 3 11% 0.037 
2 6 24% 3 11%   

Melatonin 
0 13 52% 18 72% 
1 10 40% 3 12% 0.049 
2 2 8% 4 16%   

Placebo 
0 11 44% 16 64% 
1 10 40% 8 32% 0.374 
2 4 16% 1 4%   

*p-value< 0.05 is statistically significant    
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CONSIDERAÇÕES FINAIS   

  O TMAD é viável para avaliar a função sistólica longitudinal do ventrículo 

esquerdo em gatos saudáveis, com repetibilidade e reprodutibilidade aceitáveis. 

Como o anel mitral pode ser facilmente identificado, essa técnica tem a vantagem de 

não requerer imagens de qualidade tão alta quanto o LSt. Comparado ao MAPSE, o 

TMAD se destaca por ser ângulo independente, sendo chamado de MAPSESTE por 

alguns autores. 

  A solução oftálmica de timolol a 0,5%, reduziu indices comumente usados, 

como a fração de encurtamento do VE e AE, a fração de ejeção do VE, o MAPSE 

FW e a onda do Doppler tecidual. Além disso, o timolol não facilitou a avaliação 

diastólica, pois a diminuição da FC não foi suficiente para separar as ondas 

transmitrais. Além disso, o droga ampliou significativamente o tempo de relaxamento 

isovolumétrico (TRIV), estando esse índice acima do valor de referência espécie (60 

ms) na maioria dos gatos após tratamento. 

  Por último, tanto a gabapentina como a melatonina administradas 60 minutos 

antes do ECG e aferição da PAS, e 70 minutos antes da ecocardiografia, tiveram 

ação calmante sem alterar a maioria das variáveis observadas, incluindo os índices 

sistólicos. Clínicos e cardiologistas poderão aguardar menos tempo de ação da 

gabapentina para obter a tranquilização. Embora tenha mostrado efeito ansiolítico 

menos evidentes que a gapapentina, a melatonina também diminuiu o escore de 

comportamento, tendo a vantagem de ser mais facilmente adquirida pelos 

proprietários por ser considerada um nutracêutico. 
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Abstract
The tissue motion annular displacement (TMAD) measures the longitudinal displacement of the mitral annulus during 
systole, using speckle-tracking echocardiography (STE). The main objective was to determine the TMAD means in healthy 
cats, exploring the correlations with systolic surrogates. The influence of age, body surface area (BSA), heart rate, and 
systemic blood pressure on the indices was also analyzed. One hundred ninety-three healthy, client-owned cats participated 
in this prospective, cross-sectional observational study undergoing conventional and STE. Apical four-chamber (AP4) and 
two-chamber (AP2) images were recorded for offline calculations. Mean TMAD values were similar to mitral annulus plane 
systolic excursion (MAPSE), varying between 4 to 4.8 mm depending on the annulus and image used. No significant differ-
ences between age and BSA categories were detected, except for AP4 MP%, reduced in the heavier group. TMAD variables 
showed moderate correlation with longitudinal strain (LSt) and MAPSE, but not with fraction shortening (FS) and ejection 
fraction (EF). The median time required for the offline calculation was 12.2 s for AP4 and 11.8 s for AP2. The technique 
showed moderate inter and intraobserver variation, proving a reliable tool for assessing left ventricular longitudinal systolic 
function in cats.

Keywords Speckle tracking · Strain · Longitudinal function · Reference range

Abbreviations
AP2  Apical 2-chamber image
AP4  Apical 4-chamber image
BSA  Body surface area
ECG  Electrocardiography
FS  Fractional shortening
FW  Free wall
EF  Ejection fraction
GLS  Global longitudinal strain
HCM  Hypertrophic cardiomyopathy
HR  Heart rate
IVS  Interventricular septum
LA  Left atrium
LSt  Longitudinal strain

LV  Left ventrilce
MAPSE  Mitral Annular Plane Systolic Excursion
ROI  Regions of interest
SBP  Systolic blood pressure
STE  Speckle-tracking echocardiography
TDI  Tissue Doppler imaging
TMAD  Tissue Motion Annular Displacement
TMAD MP  The displacement (in mm) of a virtual 

midpoint between the two mitral annular 
regions towards the left ventricular apex

TMAD MP%  The proportional displacement of that 
midpoint concerning the total length of the 
left ventricle

TMAD MV1  Displacement of the septal (AP4) or ante-
rior (AP2) annulus towards the apex

TMAD MV2  Displacement of the lateral (AP4) or infe-
rior (AP2) annulus towards the apex
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Introduction

Assessment of systolic function is a cornerstone of echo-
cardiographic examination. In conventional echocardi-
ography, fractional shortening (FS) and ejection fraction 
(EF) are widely used as surrogates for systolic function, 
despite their limitations. Measurement of both parameters 
requires good image quality, has sub-optimal test-retest 
reproducibility, fails to evaluate the longitudinal myocar-
dial contraction, and neither detects regional dysfunction 
on the left ventricle (Mizuguchi et al. 2008; Zacà et al. 
2010; Klaeboe and Edvardsen 2019; Luis et al. 2019).

While FS measures only the heart’s circumferential 
contraction, EF represents longitudinal and circumferen-
tial contraction (Hu et al. 2013). However, the longitudinal 
systolic function is routinely less evaluated on echocar-
diographic examinations. The contraction of the longitu-
dinal fibers during systole causes a shortening of the left 
ventricular chamber along its longitudinal axis, promoting 
the displacement of the atrioventricular plane towards the 
cardiac apex (Zacà et al. 2010). In humans, their contrac-
tion is the primary contributor to left ventricular pumping, 
representing up to 60% of the total cardiac stroke (Carls-
son et al. 2007). Previous studies have demonstrated that 
longitudinal systolic dysfunction may be apparent before 
impaired transverse function becomes overt (Luis et al. 
2019; Spalla et al. 2019). For this reason, practical and 
easy-to-apply techniques are sought to assess longitudinal 
systolic function in cats.

The Mitral Annular Plane Systolic Excursion (MAPSE) 
is more sensitive than EF to detect early longitudinal fib-
ers abnormalities (Hu et al. 2013). When low, MAPSE 
and its right counterpart, Tricuspid Annular Plane Systolic 
Excursion (TAPSE), reveal longitudinal systolic dysfunc-
tion in cats with asymptomatic hypertrophic cardiomyopa-
thy (HCM), being even smaller in congestive heart failure 
(Spalla et al. 2017). The systolic wave S  from tissue Dop-
pler imaging (TDI) is a more sensitive index of global con-
tractility of the left ventricle (LV) than EF, reflecting both 
longitudinal shortening and torsional deformation (Chet-
boul et al. 2004; Simpson et al. 2009; Seo et al. 2010). 
Regrettably, both MAPSE and TDI are angle-dependent 
(Vinereanu et al. 1999; Chetboul et al. 2004; van Dalen 
et al. 2009; Zacà et al. 2010; Hu et al. 2013; Aloia et al. 
2016; Spalla et al. 2017).

In contrast, speckle-tracking echocardiography (STE) is 
angle-independent and determines tissue velocities accu-
rately (van Dalen et al. 2009). The longitudinal strain (LSt) 
has been used to assess the longitudinal systolic function 
in people (Collier et al. 2017; Trivedi et al. 2019), dogs 
(Tidholm et al. 2009; Chetboul and Tissier 2012; Zois 
et al. 2012), and cats (Silva et al. 2013; Spalla et al. 2019; 

Suzuki et al. 2019a; Caivano et al. 2020). Cats with pre-
clinical HCM have a decrease in LSt (Spalla et al. 2019), 
highlighting the use of this technique in the early detection 
of this disease.

Another STE method to estimate the longitudinal func-
tion is the Tissue Motion Annular Displacement (TMAD), 
which measures the systolic displacement of two regions of 
interest (ROI) located in the mitral annulus, tracking them 
towards a third ROI at the cardiac apex (Buss et al. 2012). 
Previous studies observed that TMAD is faster than LSt and 
requires lower image quality (Buss et al. 2012; Black et al. 
2014; Asada et al. 2018). Another advantage of the TMAD 
concerning the LSt is that the last one presents a variation 
in its values according to the software and equipment used, 
this problem being observed in humans (Bansal et al. 2008; 
Negishi et al. 2013; Yingchoncharoen et al. 2013; Yang 
et al. 2015; Ramlogan et al. 2020) and dogs (Santarelli et al. 
2019). Finally, TMAD was considered a viable method for 
rapid assessment of longitudinal systolic function in humans 
with HCM (Liu et al. 2014). Therefore, TMAD may be use-
ful in the early diagnosis of HCM in cats, although further 
studies are needed to confirm this supposition.

Our research group was the first to describe the relevance 
of TMAD to evaluate longitudinal systolic function in dogs, 
both in healthy animals and those with heart disease (Wolf 
et al. 2018, 2021). However, no articles reported a study of 
TMAD in cats on a recent search (January 2022) on two 
platforms: PubMed and ProQuest. In this study, we aimed to 
explore the potential applicability of TMAD for the assess-
ment of longitudinal systolic function in healthy cats. Our 
goal was to clarify whether TMAD is a reliable method 
compared with LSt and other echocardiographic surrogates 
in cats. Another objective was to determine whether a cor-
relation exists between TMAD and LSt, and other echocar-
diographic parameters such as FS, EF, TDI, and MAPSE. 
Lastly, we investigated whether TMAD alters with age, body 
surface area (BSA), heart rate (HR), and systemic blood 
pressure (SBP).

Animals, materials and methods

Animals

Client-owned healthy cats were recruited for this prospec-
tive, cross-sectional observational study at the cardiology 
section of a veterinary teaching facility between May and 
July 2019. The experimental unit was the individual animal. 
All procedures were previously approved by the Institutional 
Animal Care and Use Committee (protocol 014/2019) and 
complied with the National Institutes of Health Guide for 
the Care and Use of Laboratory Animals. Written consent 
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from owners allowing their cats to participate in the study 
was mandatory.

All cats underwent a complete physical examination 
before enrollment, as well as SBP measurement, electrocar-
diography (ECG), conventional and speckle-tracking echo-
cardiography. The Doppler technique (Binns et al. 1995) was 
used to obtain SBP indirectly by a trained observer (GLRT), 
acquiring at least five reliable values to measure the average. 
Subsequently, a 2-min recording of a computer-based ECG 
was performed.

The inclusions criteria were: cats more than one year, 
considered adults (Quimby et al. 2021), absence of murmur 
on cardiac auscultation, no previously diagnosed disease, 
and standard examinations (ECG, SBP, and echocardiogra-
phy). The SBP before the echocardiogram was considered 
normal up to 160 mmHg (Acierno et al. 2018). Animals 
whose SBP exceeded this value were only included if they 
were patients without a record of arterial hypertension, 
with at least three normal SBP measurements in the last 
five years. Free plasma T4 excluded hyperthyroidism in cats 
over 11 years old or whenever this disease was suspected.

Exclusion criteria were established in an attempt to select 
only healthy cats, rejecting cats receiving topical or sys-
temic medication and those previously diagnosed with any 
illness, including chronic systemic hypertension, arrhyth-
mias, acquired or congenital heart disease.

Echocardiography

All cats underwent echocardiographic examinations1 with 
electrocardiography monitoring using only gentle restraint 
and no sedation. Positioning followed the recommendations 
of the Echocardiography Committee of the Specialty of 
Cardiology of the American College of Veterinary Internal 
Medicine (Thomas et al. 1994). The same operator (GLRT) 
performed all examinations and measurements.

The FS of the left atrium (LA) was estimated based on 
the minimum and maximum LA diameter from the right par-
asternal short-axis view image at the aortic valve level, using 
anatomic M-mode (Abbott and MacLean 2013). The ratio 
between LA and aorta was measured at the maximum LA 
diameter, right after the T wave from the ECG, as described 
before (Rishniw and Erb 2000). A normal relation of LA and 
aorta (LA/Ao <1.6, at the final of the T wave) was consid-
ered evidence of normal diastolic pressure, combined with 
a normal diastolic pattern defined by the transmitral outflow 
(E/A > 1) and TDI waves (E´/A´ > 1) (Schober and Chetboul 
2015).

The HCM was ruled out after examining the LV in the 
right and left parasternal long-axis LV outflow view and in 
the right parasternal short axis view of the left ventricle at 
the level of the papillary muscles. The M-Mode measure-
ments of the LV at the papillary level were measured before 
the QRS to characterize the end of diastole as described 
(Sahn et al. 1978), being 5.5 mm the cut-off point for HCM 
(Häggström et al. 2016).

The left parasternal window allowed the acquisition 
of apical 4-chamber (AP4) and 2-chamber (AP2) images 
(Thomas et al. 1994). AP4 was used to measure the TDI 
velocities (Koffas et al. 2006) and MAPSE from the inter-
ventricular septum mitral annulus (MAPSE IVS) and from 
and free wall (MAPSE FW) as described elsewhere (Mon-
dillo et al. 2006; Spalla et al. 2017). Recording of at least 
five cardiac cycles of AP4 and AP2 images enabled the 
offline calculation of all TMAD and LSt values.

Both TMAD and LSt required the measure of the aortic 
valve closure time from the apical 5-chamber image. It cor-
responds to the time, in milliseconds, from the beginning 
of the QRS complex to the end of the aortic valve spectra 
obtained with the pulsed Doppler gate positioned distal to 
the aortic valve.

Longitudinal strain

The LSt was measured offline using speckle-tracking soft-
ware2 and AP4 and AP2 images containing at least five 
cardiac cycles obtained from standard echocardiography. 
To calculate AP4 LSt, three ROIs were defined from the 
selected frame: the septal and lateral portions of the mitral 
valve leaflets and the epicardial region of the left ventricular 
apex (Spalla et al. 2019). The equipment’s software automat-
ically tracked the myocardium and calculated longitudinal 
deformation (Fig. 1a). Manual corrections were made when-
ever auto-tracking was obviously incorrect. The mean value 
from three cardiac cycles in the same frame was used for 
analysis. A similar procedure was used for AP2 images, and 
the ROIs were defined at the anterior and inferior aspects of 
the mitral annulus (Fig. 1c).

The average of the LSt values obtained with AP2 and 
AP4 was assumed as a modified global deformation index 
(Wolf et al. 2018), as it did not include the apical three-
chamber (AP3) view, as follows:

GLS = (AP2 LSt + AP4 LSt)∕2.

1 Philips Affiniti 50 ultrasound system equipped with 12  MHz 
phased-array transducer

2 QLAB Software with automatic cardiac motion quantification 
(aCMQ)
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Tissue motion annular displacement

Mitral annular motion was measured offline as described 
for LSt, using the same ROIs. The displacement of both 
annuli towards the apex (in mm) was automatically calcu-
lated. The abbreviation MV1 refers to the displacement 
of the septal (AP4) or anterior (AP2) annulus, while MV2 

corresponds to the lateral (AP4) or inferior (AP2) annulus. 
The software also defined a virtual midpoint (MP) between 
the two annular ROIs and calculated its displacement (in 
mm) towards the left ventricular apex, as well as the pro-
portional displacement of that midpoint concerning the 
total length of the left ventricle (MP%) (Fig. 1b, d). The 

Fig. 1  Above: two apical 4-chamber images demonstrate the longitu-
dinal strain on the left (a) and the tissue motion annular displacement 
on the right (b). Below: two apical 2-chamber images display the lon-
gitudinal strain on the left (c) and the tissue motion annular displace-

ment on the right (d). The line in blue describes the displacement of 
the septal mitral annulus towards the left ventricular apex. Similarly, 
the orange displays the displacement of the free wall mitral annulus 
towards the left ventricular Apex
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mean values from three cardiac cycles in the same record-
ing were used to calculate the TMAD.

The average of the indices obtained by AP2 and AP4 was 
called global TMAD values (Wolf et al. 2021), calculated 
as follows:

Intra-observer and inter-observer variability 

and time requirements

The same observer (GLRT) randomly reassessed AP4 
images from 18 patients at least 30 days after the first evalu-
ation to estimate intra-observer variability. A co-investiga-
tor blinded to the previous results (MW) assessed the same 
examinations, whose results were used to calculate inter-
observer variation.

Different 23 echocardiographic records were selected to 
calculate the time spent for the offline calculation of the 
TMAD and LSt, both for AP2 and AP4 views.

Age and body surface area categories

Cats were divided into groups according to age and BSA, 
allowing the investigation of their action on TMAD. The 
age distribution followed the most recent age classifica-
tion of cats by the American Animal Hospital Association 
(AAHA) and the American Association of Feline Practition-
ers (AAFP) (Quimby et al. 2021): 1–6 years (young adult); 
7 to 10 years (mature adult); and 11 years or older (senior). 
The BSA categories were: less than 0.252  m2 (<4 kg), 0.253 
to 0.292  m2 (4.01 to 5 kg), 0.293 to 0.330  m2 (5.1 to 6 kg), 
and more than 0.330  m2 (>6.01 kg). The BSA was calcu-
lated as described before (Hill and Scott 2004), following 
the formula:

Statistical analysis

The Statistica Single User software version 13.2 performed 
most of the analyses, with a significant level of 0.05 (P value 
<0.05). Descriptive data analysis included mean and stand-
ard deviation calculations, minimum and maximum of all 
quantitative variables, and pure frequencies of qualitative 
variables. The Shapiro-Wilk test was used to investigate the 
normality of the data. Group comparison was performed 
with ANOVA followed by Tukey’s or Dunn’s posthoc test. 

Global TMAD MP = (AP2 MP + AP4 MP)∕2Global

TMAD MP% = (AP2 MP% + AP4 MP%)∕2

BSA
(
m2

)
= 0.1 × (bodyweight in kg)2

/
3

The parameters with not normally distributed data were 
adequate for the Kruskal-Wallis test (LSt and TMAD MP%).

The correlations were investigated using Pearson’s corre-
lation coefficient, scaled and ranged from −1 to +1, where 0 
indicates no linear association. The relationship gets stronger 
as the coefficient approaches an absolute value of 1. They 
were considered weak between 0 and 1 to 0.39, moderate 
from 0.40 to 0.69, strong from 0.7 to 0.89, and very strong 
above 0.9 (Schober and Schwarte 2018).

The intra- and inter-observer agreement analysis was 
performed using the interclass correlation coefficient (ICC) 
with its respective 95%CI and standard error of measurement 
(SEM) (Fleiss 1986; Popovic and Thomas 2017). From the 
ten different ICC formulas, it was used the two-way mixed-
effects model (Koo and Li 2016) defined for the formula:

The minimum sample size for using the ICC was calcu-
lated with a power of 80%, with a drop of 10%, minimum 
acceptable reliability of 0.6, and expected reliability of 0.85. 
Its interpretation was based on a Fleiss study: low for val-
ues below 0.40; moderate between 0.40 and 0.75; substan-
tial between 0.75 and 0.90; and excellent greater than 0.90 
(Fleiss 1986). The Bland-Altman test was used to better rep-
resent non-normal data as it does not necessarily require a 
normal distribution (Bland and Altman 2010).

Wilcoxon test was used to compare the median time spent 
to calculate the TMAD and LSt variables on AP4 and AP2.

Results

A total of 193 client-owned cats (1–19 y/2.5–11.8 kg) were 
recruited for this study (105 females; 56%). The population 
included crossbred cats (n = 172; 89.1%), Persian (n = 10; 
5.2%), Siamese (n = 6; 3.1%), Angora (n = 2; 1%), Maine 
Coon (n = 2; 1%), American Shorthair (n = 1; 0.5%), and 
Bengal (n = 1; 0.5%). Most of the cats weighed less than 
5  kg, i.e., the BSA category below 0.292   m2 (n = 127; 
65.8%). The BSA distribution was as follow: 32.64% (63) 
less then 0.252  m2 (< 4 kg), 33.16% (64) between 0.253 
to 0.292  m2 (4.01 to 5 kg), 20.72% (40) between 0.293 to 
0.330  m2 (5.1 to 6 kg), and 13.47% (26) with more than 
0.331   m2 (> 6.01  kg). The age distribution was: 108 
(55.96%) young adults; 48 (24.87%) mature adults; 36 
(18.65%) seniors, and 1 (0.52%) unknown.

Table 1 displays the TMAD and LSt results for the stud-
ied population. Table 2 presents TMAD and LSt results 
according to BSA categories. From all TMAD variables 
analyzed, only AP4 MP% differed by BSA. In contrast, all 
LSt values were lower in heavier cats. The age categories of 

ICC = MSR − MSE∕MSR;where MSR = mean square

for rows;MSE = mean square for error



 Veterinary Research Communications

1 3

the animals did not influence LSt and TMAD values, as can 
be seen in Table 3.

Significant correlations between TMAD and echocardio-
graphic variables are shown in Table 4. The scatter plots 
of the moderate correlations between TMAD and echo-
cardiographic variables are in Fig. 2. When comparing all 
variables, all significant correlations were considered low, 
such as those with BSA (MAPSE IVS, r = 0.221; TAPSE, 
r = 0.206; AP4 LSt, r = − 0.251; AP2 LSt, r = − 0.341; GLS, 
r = − 0.286; Lat s’, r = 0.161; Sep s’, r = 0.341), HR (SBP, 

r = 0.138; FS, r = 0.243, EF, r = 0.255; Sep s’, r = 0.341; Lat 
s’, r = 0.242; TRIV, r = − 0.219), Sep s’ (IVRT, r = AP,4) 
LSt (MAPSE IVS, r = − 0.173; TAPSE, r = − 0.182), AP2 
LSt (TAPSE, r = − 0.201), and GLS (TAPSE, r = − 0.256; 
EF, r = −0.256).

The inter and intra-observer variations are demonstrated 
in Table 5 for all the TMAD indexes, including the one with-
out normality, TMAD MP%. Figure 3 displays the Bland-
Altman graphics for this variable. Most TMAD variables 
had a moderate agreement, except the interobserver TMAD 
MP and MP%, which showed a substation correlation.

Concerning the time spent, although there was a numeri-
cal difference between the median time of AP4 LSt and AP4 
TMAD (16.9 and 12.2 s, respectively), it was not significant 
(p = 0.107, Wilcoxon test). The same happened for AP2 LSt 
and AP2 TMAD (17.46 and 11.8 s, respectively; p = 0.301).

Discussion

This investigation sought to investigate whether TMAD 
would be a reliable surrogate for systolic function in appar-
ently healthy cats. To date, TMAD has been extensively 
evaluated in people and proved to be a valuable and repro-
ducible technique (Buss et al. 2012; Black et al. 2014; Asada 
et al. 2018; Teraguchi et al. 2019; Sharma et al. 2021; Tera-
guchi et al. 2021). In dogs, we recently evaluated TMAD and 
demonstrated its correlation with LSt of the left ventricle 
(Wolf et al. 2018). It was speculated that the results were 
at least as promising as those observed in the species men-
tioned above.

Interestingly, most of the mean TMAD values obtained in 
cats in this investigation were lower than those found in dogs 
within a comparable weight, between 1.7 and 8.5 kg (Wolf 
et al. 2018). A reasonable justification was that the mean 
bodyweight in cats was lower than in dogs, even within a 
similar weight range. Heavier animals with larger hearts pre-
sent a more significant absolute mitral displacement towards 
the apex (Schober and Fuentes 2001).

On the contrary, the mean AP4 LSt in this study was 
higher than those observed in cats by other authors (Silva 
et al. 2013; Spalla et al. 2019; Suzuki et al. 2019b; Caivano 
et al. 2020). An explanation may be using different equip-
ment and software to acquire the LSt, which has been dis-
cussed in human medicine lately (Bansal et al. 2008; Negishi 
et al. 2013; Yingchoncharoen et al. 2013; Yang et al. 2015; 
Ramlogan et al. 2020). A study with children found that the 
mean LSt differed between QLAB 10.5 and all other soft-
ware packages, including contemporary versions of QLAB 
(Ferraro et al. 2020). Coincidentally, the LSt obtained in 
dogs using QLAB 10.5 was also higher than the average 
found by other researchers with different equipment (Kusu-
nose et al. 2013; Wolf et al. 2018), pointing to a tendency 

Table 1  Conventional and speckle-tracking echocardiographic 
parameters obtained in healthy non-sedated cats

SBP: systemic blood pression; HR: hear rate; FS: Fractional Short-
ening; EF: ejection fraction; MAPSE FW: mitral annular plane sys-
tolic excursion from the lateral annulus; MAPSE IVS: mitral annu-
lar plane systolic excursion from the septal annulus; Sep S : systolic 
myocardium wave from tissular Doppler from the septal annulus; Lat 
S : systolic myocardium wave from tissular Doppler from the lateral 
annulus; TMAD: tissue motion annular displacement; AP2: apical 
2-chamber; MV1: point of septal mitral annulus; MV2: point of lat-
eral mitral annulus; MP: displacement of a virtual midpoint between 
the two mitral annulus towards the left ventricle apex; MP%: percent-
age value of the midpoint in relation to the total length of the left ven-
tricle; AP4: apical 4-chamber; LSt: longitudinal strain of the left ven-
tricle; GLS: global longitudinal strain

n: total number of individuals; Min: minimum; Max: maximum; SD: 
standard deviation

Variables n Mean Min Max SD

Age (years) 192 6.6 1 19 4

Weight (kg) 193 4.8 2.5 11.6 1.3

SBP (mmHg) 191 141.1 100 220 19.5

HR (bpm) 193 193.5 145 260 25.9

FS (%) 193 53.2 25.1 68.5 8.1

EF (%) 193 86 68.6 95.7 6.3

MAPSE IVS (mm) 136 4.4 2.3 7.7 0.9

MAPSE FW (mm) 174 4.7 2.2 7.9 0.9

Sep S  (cm/s) 189 7.6 4.1 14.3 1.8

Lat S  (cm/s) 165 7.3 3.9 11.4 1.5

TMAD Parameters

  AP2 MV1 (mm) 104 4.4 2 6.8 0.9

  AP2 MV2 (mm) 104 4.8 2.2 8.2 1.1

  AP2 MP (mm) 104 4.7 2.5 7.8 1

  AP2 MP% (%) 104 18.5 11.3 26.4 3.4

  AP4 MV1 (mm) 193 4.0 1.6 6.9 1

  AP4 MV2 (mm) 193 4.2 1.8 7.4 1.1

  AP4 MP (mm) 193 4.3 1.9 7.5 1

  AP4 MP% 193 17.6 8.4 30.6 4

  Global MP (mm) 104 4.6 3 7.6 0.8

  Global MP% 104 18 12.7 26 2.7

Longitudinal Strain

  AP2 LSt (%) 104 28.9 19.9 45 4.6

  AP4 LSt (%) 192 28.3 14.7 45.9 5.1

  GLS (%) 104 29.4 20.4 42.3 4.6
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of this software to acquire higher LSt indexes. Furthermore, 
the LSt means obtained in the present study were similar to 
small dogs (up to 8.5 kg) using the same software version 
(Wolf et al. 2018). A study with dogs observed significant 
variability of strain variables obtained using different soft-
ware, being the GLS the most reproducible measurement 
(Santarelli et al. 2019). Still, there is a need to standard-
ize the abbreviation GLS in veterinary medicine, which can 
represent a weighted mean of the regional strains, using a 
single view (AP4) (Santarelli et al. 2019), or performing 
the average of the values from two apical images, AP2 and 
AP4 (Wolf et al. 2018, 2021). A reasonable option would be 
to follow human medicine, which refers to the GLS as the 
average of the values obtained from three apical views: AP2, 
AP3, and AP4 (Johnson et al. 2019).

As observed in children (Asada et al. 2018), the age cat-
egories did not influence TMAD values (Table 3). In dogs, 
although a significant correlation between TMAD and age 
happened, it disappeared when TMAD was normalized by 
body surface area (Wolf et al. 2018). Consequently, there is 
a need for a longitudinal study measuring TMAD values to 
clarify the effect of age, similarly to what was done previ-
ously with strain values, having been detected a reduction in 

Table 2  Tissue motion annular displacement and longitudinal strain obtained in healthy non-sedated cats according to body surface area catego-
ries

*p value<0.05 means a significant difference

a, b: Lowercase letters indicate significant differences between the categories (p < 0.05)

BAS: body surface area

AP2: apical 2-chamber; MV1: point of septal mitral annulus; MV2: point of lateral mitral annulus; MP: displacement of a virtual midpoint 
between the two mitral annulus towards the left ventricle apex; MP%: percentage value of the midpoint in relation to the total length of the left 
ventricle; AP4: apical 4-chamber; LSt: longitudinal strain of the left ventricle; GLS: global longitudinal strain

n: total number of individuals; SD: standard deviation

BAS  (m2) < 0.252 m 0.253 to 0.292 m2 0.293 to 0.330 > 0.331 P value*

Bodyweight (kg) < 4 4.01 to 5 5.01 to 6 > 6.01

Mean (n) SD Mean (n) SD Mean (n) SD Mean (n) SD

TMAD values

  AP2 MV1 (mm) 4.22 (32) 0.97 4.31 (32) 0.88 4.47 (26) 0.88 4.81 (14) 0.78 0.2099

  AP2 MV2 (mm) 4.60 (32) 1.27 4.75 (32) 1.09 4.86 (26) 0.96 5.04 (14) 1.08 0.6261

  AP2 MP (mm) 4.59 (32) 1.1 4.64 (32) 0.98 4.82 (26) 0.83 4.99 (14) 0.87 0.5409

  AP2 MP% 18.65 (32) 3.73 18.96 (32) 3.72 17.4 (26) 2.26 18.94 (14) 3.46 0.3132

  AP4 MV1 (mm) 3.89 (63) 1.00 4.02 (64) 0.94 4.16 (40) 0.89 3.87 (26) 0.94 0.9985

  AP4 MV2 (mm) 4.2 (63) 1.22 4.23 (64) 1.08 4.21 (40) 1.00 4.18 (26) 1.04 0.496

  AP4 MP (mm) 4.28 (63) 1.05 4.29 (64) 0.98 4.31 (40) 0.91 4.13 (26) 0.87 0.8836

  AP4 MP% 18.66a (63) 4.61 17.57 (64) 3.99 16.7 (40) 3.1 16.18b (26) 3.12 0.0205
  Global MP (mm) 4.48 (32) 1.01 4.56 (32) 0.75 4.68(26) 0.69 4.62 (14) 0.58 0.8169

  Global MP% 18.35 (32) 3.08 18.57 (32) 2.69 17.11 (26) 2.03 17.78 (14) 2.29 0.1706

LSt values (%)

  AP2 LSt 30.25a (32) 4.54 30.19 (32) 4.82 26.35b (26) 3.08 27.42 (14) 4.41 0.0013
  AP4 LSt 29.54a (63) 5.21 28.80 (63) 4.66 26.42b (40) 4.61 27.02 (26) 5.9 0.0095
  GLS 30.94a (32) 4.57 30.27a (33) 4.61 26.80b (26) 3.81 28.46 (14) 4.18 0.0025

Table 3  Comparison of tissue motion annular displacement (TMAD) 
values between the age categories

*p value<0.05 means a significant difference

AP4: apical 4-chamber; MP: displacement of a virtual midpoint 
between the two mitral annulus towards the left ventricle apex; MP%: 
percentage value of the midpoint in relation to the total length of the 
left ventricle; MV1: point of septal mitral annulus; MV2: point of lat-
eral mitral annulus

n: total number of individuals; SD: standard deviation

Variables Age category n Mean SD p-valor*

AP4 MP Young 108 4.32 0.94 0.4700

Mature 48 4.28 1.03

Senior 36 4.09 1.00

AP4 MP% Young 108 17.51 3.73 0.9930

Mature 48 17.53 4.18

Senior 36 17.61 4.68

AP4 MV1 Young 108 4.09 0.92 0.1382

Mature 48 3.93 1.05

Senior 36 3.73 0.89

AP4 MV2 Young 108 4.30 1.05 0.2647

Mature 48 4.19 1.16

Senior 36 3.96 1.18
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the rate of maximum longitudinal strain during diastole after 
six years of follow-up (Sugimoto et al. 2021).

Regarding the BSA, a positive correlation existed 
between BSA and AP4 MP% and Global MP% (Table 4). 
However, most TMAD parameters did not differ among cats 
of different BSA categories, the only exception being AP4 
MP%, which decreased with the increase in BSA (Table 2). 
On the contrary, all TMAD variables evaluated in dogs 

Table 4  Correlations detected between echocardiographic variables and TMAD indices

Variable TMAD indices r CI p-valor

Age AP4 MV1 -0,155 -0,290 to -0,0140 0,0314

AP2 MP -0,208 -0,397 to -0,0321 0,0226

Global MP -0,208 -0,3838 to -0,0183 0,0321

HR AP2 MV2 -0,207 -0,3809 to -0,0130 0,0353

AP2 MP -0,195 -0,3680 to 0,0020 0,0468

Global MP -0,194 -0,3676 to 0,0006 0,0469

BSA  AP4 MP% -0,200 -0,3313 to -0,0605 0,0052

Global MP% -0,209 -0,3828 to -0,0171 0,0322

SBP AP4 MV1 0,185 -0,1354 to 0,1464 0,0102

AP4 MV2 0,171 -0,1183 to 0,1633 0,0178

AP4 MP 0,194 -0,1685 to 0,1131 0,0072

AP2 MP 0,208 0,0148 to 0,3858 0,0352

MAPSE FW AP4 MV1 0,192 0,0396 to 0,3261 0,0113

AP4 MV2 0,278 0,1345 to 0,4089 0,0002

AP4 MP 0,244 0,0964 to 0,3762 0,0012

AP2 MV1 0,337 0,1376 to 0,4842 0,0005

AP2 MV2 0,411 0,0274 to 0,3948 0,0001

AP2 MP 0,401 0,2139 to 0,5422 0,0001

AP2 MP% 0,227 0,0274 to 0,3948 0,0213

Global MP 0,390 0,2058 to 0,5349 0,0001

Global MP% 0,179 -0,0178 to 0,3543 0,0001

MAPSE IVS AP4 MV1 0,216 0,0522 to 0,3721 0,0114

AP2 MV1 0,320 0,1365 to 0,4834 0,0001

AP2 MV2 0,268 0,0814 to 0,4395 0,0061

AP2 MP 0,297 0,0769 to 0,4343 0,0024

AP2 MP% 0,265 0,0769 to 0,4343 0,0064

Global MP% 0,253 -0,0962 to 0,2837 0,0071

Lat S’ AP4 MV1 0,185 0,03361 to 0,3289 0,0017

AP4 MV2 0,207 0,0556 to 0,3484 0,0078

AP4 MP 0,190 0,0385 to 0,3333 0,0144

AP4 LSt AP4 MP 0,147 0,0048 to 0,2813 0,0422

AP4 MP% 0,337 0,2054 to 0,4564 0,0001

AP2 MP% 0,255 0,0628 to 0,4227 0,0091

Global MP% 0,280 0,0920 to 0,4450 0,0038

AP2 LSt AP4 MP% 0,242 0,0599 to 0,4203 0,013

AP2 MP% 0,458 0,2706 to 0,5821 0,00001

Global MP% 0,444 0,2557 to 0,5715 0,00001

GLS AP4 MP% 0,209 0,0168 to 0,3825 0,0327

AP2 MP% 0,285 0,0854 to 0,4412 0,0033

Global MP% 0,307 0,1140 to 0,4627 0,0014

changed following bodyweight, reducing when in percent-
age (MP%) and increasing when measured in millimeters 
(Wolf et al. 2018). One possible explanation might be the 
slight difference between BSA categories in cats compared 
to dogs. This hypothesis is supported by the fact that dogs 
showed a much more pronounced decrease in LSt as weight 
increased, justified by the considerable variation in heart size 
within this species.
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A low correlation appeared between SBP in almost all 
AP4 TMAD indices, except MP%. Sympathetic activity 
may explain it, affecting both SBP and contraction force. 
However, there was no correlation between HR and TMAD 
indices measured in AP4. This lack of correlation was also 
previously reported in children (Asada et al. 2018) and 
dogs (Wolf et al. 2018). Nevertheless, a negative correla-
tion occurred between HR and AP2 MV2, AP2 MP, and 
Global MP (Table 4). The contrary would be expected: an 
increase in HR would raise contraction, called the Bowditch 
staircase effect (Lakkatta 2004), confirmed by the positive 
correlation between HR and FS. The arrangement of the 
myofibrils may explain these contrasting results. It was 
recently observed that the ventricular mass is organized in 
a mesh shape with myocytes aggregated in tangential align-
ment and some obliquely in the wall, with antagonistic func-
tion (Lunkenheimer et al. 2004). If this also occurs in the 
cat’s heart, these antagonistic fibers may predominate in the 
inferior portion of the mitral annulus, corresponding to MV2 
from AP2 image, explaining the negative correlations found. 
However, it is still a conjecture.

Concerning the most commonly used systolic indices, 
FS and EF, TMAD did not correlate with them, coinciding 
with the results from dogs (Wolf et al. 2018) and children 
(Black et al. 2014). A likely explanation for this finding is 
that both FS and EF acquired from M-mode echocardiogra-
phy reflect the transversal and circumferential fibers (Kocica 
et al. 2006; Buss et al. 2012; Trivedi et al. 2019), not the tar-
get of TMAD. On the contrary, TMAD strongly correlated 
with the EF based on magnetic resonance imaging (MRI) in 
normal children (Black et al. 2014). The same happened in 

adult humans comparing a TMAD algorithm with EF MRI 
(Tsang et al. 2010). Future studies can confirm whether 
TMAD values in cats correlate with EF MRI.

The best correlation between LSt and TMAD occurred 
in AP2 (Table 4 and Fig. 2), obtaining two moderate cor-
relations: LSt with MP%; and LSt with Global MP%. These 
findings were not surprising since both methods use STE. 

Fig. 2  Scatter plots of the 
moderate correlations between 
TMAD and echocardiographic 
variables

Table 5  Intra and inter-observer variations for tissue motion annular 
displacement (TMAD) variables obtained for the apical four-chamber 
image

*Variable without normal distribution

ICC: interclass correlation coefficient; SEM: Standard error of meas-
urement; M: mean; SD: Standard deviation; 95%CI: range of 95% 
confidence interval calculated from the mean value

MV1: point of septal mitral annulus; MV2: point of lateral mitral 
annulus; MP: displacement of a virtual midpoint between the two 
mitral annulus towards the left ventricle apex; MP%: percentage value 
of the midpoint in relation to the total length of the left ventricle

Variable ICC SEM M SD 95%CI

(0–1) mm or %

Intraobserver variation

  TMAD MV1 (mm) 0.72 0.44 3.9 0.8 3.05–4.71

  TMAD MV2 (mm) 0.55 0.43 3.7 0.6 2.87–4.58

  TMAD MP (mm) 0.68 0.34 3.9 0.6 3.34–4.66

  TMAD MP%* 0.71 1.42 16.5 2.6 14.98–20.53

Interobserver variation

  TMAD MV1 (mm) 0.64 0.65 3.9 1.1 Not calculated

  TMAD MV2 (mm) 0.52 0.83 3.8 1.2 Not calculated

  TMAD MP (mm) 0.75 0.52 4.0 1.0 Not calculated

  TMAD MP%* 0.85 1.78 17.7 4.6 Not calculated
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Nonetheless, a low correlation was observed between Global 
MP% and GLS, while studies with people (Asada et al. 
2018) and dogs (Wolf et al. 2018) found a moderate one.

Apparently, despite using speckle-tracking technology, 
TMAD and LSt have some very distinct characteristics. 
For example, TMAD was not influenced by cardiac rhythm 
in dogs, while GLS presented higher GLS values in sinus 
arrhythmia than sinus tachycardia or sinus rhythm (Wolf 
et al. 2018). The predominant rhythm in cats in hospi-
tal settings is tachycardia due to the fear reaction (Abbott 
2005), requiring an investigation with sleeping or sedated 
cats to verify whether the GLS would be higher in sinus 
arrhythmia or if the mean TMAD values would change in 
sinus arrhythmia.

There were moderate correlations between TMAD and 
MAPSE, while in in humans it was observed a strong cor-
relation (Hoit 2017; Mauermann et al. 2020). In cats, the 
strongest correlations were documented when comparing 
results obtained at the same mitral annulus, i.e., MV1 (sep-
tal) correlated better with MAPSE IVS and MV2 (lateral) 
with MAPSE FW (Table 4). These results were expected 
since both techniques follow the displacement of the mitral 
annulus in the longitudinal plane, except that the angle-
independency from STE presumably makes the TMAD 
more accurate. For this reason, TMAD was also called 
 MAPSESTE by some authors (Mauermann et al. 2020), 
highlighting that both techniques measure the displace-
ment of the mitral annulus by different methods, M-mode 
and STE, respectively. Unlike the mentioned authors, who 
concluded that the TMAD underestimates the MAPSE val-
ues in M-mode, the TMAD indices in the present study 
were quite similar to the MAPSE ones.

Comparing IVS and FW annulus for MAPSE acqui-
sition, it seemed that the first had better performance, 
obtaining more correlations with the TMAD variables 
(Table 4). Moreover, FW annulus also presented more 

correlations with TDI, having Lat s’ correlated with all 
AP4 variables, except MP%. In humans, a strong cor-
relation was seen with both s’ waves (Buss et al. 2012), 
although others authors have not found it (Teraguchi et al. 
2019).

About the inter-and intra-observer variations, most vari-
ables presented ICC classified as moderate (Table 4). Sur-
prisingly, two interobserver comparisons were substantial 
(Fleiss 1986), MP and MP%, achieving better performance 
than the intraobserver assessment. Nevertheless, the visual 
interpretation given by the Bland-Altman plot of the MP% 
variability revealed satisfactory repeatability and repro-
ducibility (Fig. 2). Earlier studies with TMAD obtained 
a satisfactory coefficient of variation in dogs (Wolf et al. 
2018) and people (Tsang et al. 2010; Buss et al. 2012; 
Black et al. 2014; Penk et al. 2018; Teraguchi et al. 2019). 
The moderate agreement observed in this study may be 
due to more significant variability in the TMAD indices. 
An increase in the variability of STE indices was veri-
fied by an investigation that compared the left ventricular 
mechanics of mice, rats, rabbits, dogs, and humans, using 
strain imaging (Kusunose et al. 2012; Popovic and Thomas 
2017). Another unproven possibility is that the HR three 
times greater than the human could make it difficult to 
correctly track the myocardium since the software was 
initially developed for humans.

Nevertheless, the SEM results shown in Table 5 provide 
an expected random variation in the scores of normal cats, 
which may be helpful in further studies with cats with HCM 
and compromised systolic function.

Concerning time, TMAD was faster to obtain in cats 
(MD = 12.2 s) compared to dogs (MD = 19.7 s) (Wolf et al. 
2018) and slightly longer than reported in humans (8.22 and 
10 s, respectively) (Tsang et al. 2010; Buss et al. 2012). 
Although it takes less than 15 s to be calculated, the real-
time spent with TMAD should also compute the image 

Fig. 3  Bland-Altmann graphic representing inter and intra-observer agreement for the variable TMAD MP% (a) interobserver variation; (b) 
intraobserver variation
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acquisition for later offline calculation and the time spent 
selecting the best record. The need for the three measure-
ments to obtain the mean is advisable for most echocardio-
graphic parameters in cats, so it does not count. However, all 
these mentioned steps also occur to acquire LSt, inherent to 
the STE. The authors consider that the TMAD calculation 
does not interfere negatively with the day-to-day exam. In 
addition, adequate tracking for calculating the TMAD was 
possible in all images obtained, like dogs (Wolf et al. 2018) 
and humans (Teraguchi et al. 2019).

Presumably, this was the first study to mention difficul-
ties in obtaining STE in cats due to very low amplitude 
QRS complexes, even using the maximum magnification to 
increase ECG sensitivity. In general, the software can auto-
matically detect QRS complexes and select a frame imme-
diately before the ventricular systole, allowing the observer 
to determine the ROIs. However, sometimes very low QRS 
complexes resulted in incorrect P or T waves identification 
instead of QRS, producing unusual TMAD waves and unre-
liable LSt values. Provided the echocardiographer identifies 
this problem, TMAD can still be calculated, but failure to 
recognize this limitation can result in incorrect measure-
ments being recorded.

Some limitations are recognized in this study. First, 
despite all efforts to include only healthy individuals, 
asymptomatic comorbidities may not have been identified 
based on clinical evaluation and ancillary examinations. 
In addition, the number and variability of cats included in 
the study may not represent feline populations from other 
countries, as Brazilian crossbred cats have an average weight 
of four to five kilograms, lighter than observed elsewhere. 
Lastly, the technique may have some disadvantages seen in 
STE, including the necessity of a simultaneous ECG, which 
can cause more stress depending on the cat’s sensibility and 
the need for offline analysis.

Conclusion

This investigation led us to conclude that TMAD is viable 
to assess left ventricular longitudinal systolic function 
in healthy cats, with acceptable repeatability and repro-
ducibility. Since the mitral motion can be easily tracked, 
TMAD has the advantage of not requiring an image quality 
as high as LSt, encouraging its application in routine. In 
addition, TMAD does not present remarkable discrepan-
cies due to the equipment’s software as occurs with strain. 
Even so, like most echocardiographic parameters, the 
TMAD may not be recommended as a single surrogate, but 
it complements the use of other parameters in the assess-
ment of systolic function.

Although diastolic dysfunction predominates in cats’ 
cardiomyopathies, little is comprehended about how the 

impairment of systolic function can contribute to the pro-
gression of the disease. Based on the reference values 
obtained for the species, further investigations may verify 
whether this technique can early detect systolic dysfunc-
tion in cats with subclinical HCM, and how this informa-
tion could help in the primary care clinic. Another good 
purpose would be to define a cutoff value to aid in the 
prognosis of symptomatic patients.
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Introduction
An echocardiogram in cats usually activates the fear 
response, causing an increase in heart rate (HR),1,2 
systemic blood pressure (SBP)3 and respiratory rate. 
Tachycardia is an undesirable consequence of stress, as 
it can impede or complicate diastolic evaluation.4 At a 
lower HR, there are two transmitral outflow waves: the 
E wave, which corresponds to the filling of the left ven-
tricle (LV) in early diastole, followed by the A wave, with 
the peak resulting from atrial systole.5,6 In most cats with 
normal diastolic function, E is greater than A (E/A>1). 
An HR above 170–180 beats per min (bpm) during echo-
cardiography in cats leads to fusion of the mitral outflow 
waves (EAfus). The same occurs with tissue Doppler 
imaging (TDI): the summation of waves with tachycardia 
(E’A’fus). This technique reflects the myocardial velocity 
rather than blood movement by placing the Doppler gate 

at the mitral annulus (interventricular septum [IVS] or 
free wall [FW]). The E’ wave, called early diastolic mitral 
annular velocity, is produced during early LV diastole, 
while A’ reflects annulus movement during contraction 
of the left atrium (LA).5 Normally, E’ is expected to be 
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greater than A’, although a slightly inverted ratio (E’/A’ 
between 0.8 and 1.0) can be considered normal in cats 
with a high HR.4

Fused waves do not allow diastolic assessment, which 
is essential for diagnosis, as the most prevalent heart dis-
eases in cats (ie, cardiomyopathies with hypertrophic or 
restrictive phenotypes) start with impairment of diastolic 
function.4,7,8 It is highly recommended that diastolic func-
tion is evaluated and its pattern classified using a combi-
nation of spectral Doppler and TDI. Precocious detection 
of dysfunction can help diagnose early-stage disease. 
In cats that have already developed signs of congestive 
heart failure or arterial thromboembolism (ie, those clas-
sified as stage C), diastolic information helps establish a 
prognosis.9

An alternative to avoiding summation and enabling 
diastolic assessment is to apply a vagal maneuver at the 
time of mitral outflow Doppler or TDI acquisition.10 It 
requires the presence of an assistant to perform the para-
sympathetic stimulation correctly at the appropriate 
moment. Another option is to administer timolol ophthal-
mic solution to block the sympathetic tone and decrease 
the HR, separating the transmitral and TDI waves.11 The 
topical application of timolol has a systemic absorption,12,13 
reducing the HR when administered alone in cats11 or 
associated with topically applied carbonic anhydrase 
inhibitors, such as dorzolamide or brinzolamide.14

Timolol maleate is the most frequently used drug in 
managing open-angle glaucoma,15 although long-term 
treatment may have adverse effects in humans, such as 
low systolic or diastolic blood pressure.16 A non-selective 
beta-adrenergic antagonist such as timolol may reduce 
the contraction force of the heart,17,18 compromising the 
commonly used systolic variables. In consequence, it may 
also modify the LA activity, directly affected by the LV.19

This study assumed that timolol would alter cardiac 
function in cats undergoing an echocardiogram. In this 
case, the objective was to determine how much a sin-
gle drop of timolol interferes with the systolic variables 
obtained by standard and speckle-tracking echocardiog-
raphy. Furthermore, it was expected that the echocardio-
graphic indices of the control group would not change 
after 20 mins of waiting and second handling, even 
though it could be stressful for cats.

Materials and methods
Animals
This prospective longitudinal observational study 
recruited client-owned healthy cats between May and 
July 2019. Before enrollment, all cats underwent a thor-
ough physical examination, SBP measurement with 
Doppler, electrocardiography (ECG) and standard trans-
thoracic echocardiography.

The Institutional Animal Care and Use Committee (pro-
tocol 014/2019) previously approved all the procedures 

and they complied with the National Institutes of Health 
Guide for the Care and Use of Laboratory Animals. 
Owners were required to formally agree to participate in 
this research by signing an informed consent form.

An age limitation was adopted to avoid possible 
changes in drug metabolism in younger or older animals; 
cats <1 year or >14 years of age were excluded. Cats 
with an elevated SBP prior to the first echocardiogram 
(>160 mmHg) did not participate, nor did any cat with a 
history or signs of heart disease or other chronic illness, 
or that had received any treatment in the past 6 months.

Echocardiography
All cats underwent two echocardiographic examinations 
with only gentle restraint and no sedation. Positioning 
followed the recommendations of the Echocardiography 
Committee of the Specialty of Cardiology of the 
American College of Veterinary Internal Medicine.20 The 
same operator (GLRT) performed all examinations and 
measurements.

A drop of timolol 0.5% ophthalmic solution contain-
ing approximately 0.17 mg timolol (1 mm = 30 drops) 
was instilled at the left eye immediately after the first 
echocardiogram (control timolol). A second echocardio-
gram (timolol) was performed 20 mins later, following the 
same protocols mentioned. The control group consisted 
of eight cats not receiving the timolol eyedrop, submit-
ted to two echocardiograms 20 mins apart (control 1 and 
control 2, respectively).

LV systolic function
LV M-mode measurements at the papillary level were 
determined, as described previously,21 allowing the cal-
culation of the most common systolic variables, such as 
fractional shortening (FS) and ejection fraction (EF). The 
end-diastolic and end-systolic LV diameters were meas-
ured using a leading-edge-to-leading-edge technique, 
with a simultaneous ECG allowing us to distinguish the 
two cardiac phases. The cut-off point for hypertrophic 
cardiomyopathy (HCM) was considered to be 5.5 mm for 
any LV image,22 including IVS thickness in the LV outflow 
tract view from the right parasternal window.

Evaluation of the longitudinal systolic function of the 
LV required acquisition of apical four-chamber (AP4) and 
two-chamber (AP2) images from the left parasternal win-
dow. At least five cardiac cycles were recorded to allow 
off-line calculation of tissue motion annular displace-
ment (TMAD) measures and the longitudinal strain (LSt) 
values, considering the mean of AP4 and AP2 values as 
global indices. In addition, AP4 was applied to measure 
the mitral annular plane systolic excursion (MAPSE) from 
the IVS annulus and FW annulus, the tricuspid annular 
plane systolic excursion (TAPSE), and the mitral annular 
velocities with the gate of investigation on the IVS and 
FW annulus, as described elsewhere.5,23
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Both LV TMAD and LV LSt required the aortic valve 
closure time, measured from the apical five-chamber 
image. It corresponds to the time (ms) from the begin-
ning of the QRS complex to the end of the aortic valve 
spectra obtained with the pulsed Doppler gate positioned 
distally to the valve.24

The hinge points of mitral valve leaflets (septal and 
lateral) and the LV apex epicardial region were the three 
regions of interest (ROIs) used to calculate the LV LSt25 
(Figure 1a), which was measured automatically by 
the equipment software (QLAB ACMQ; Auto Cardiac 
Motion Quantification). Manual corrections were made 
whenever the automatic myocardial tracking was obvi-
ously incorrect. For LV TMAD, the same three ROIs were 
defined (Figure 1b). The displacement of both annuli 
towards the apex (in mm) was automatically calculated. 

Also, the software defined a virtual midpoint between 
the two annular ROIs (LV MP TMAD) and calculated its 
displacement towards the LV apex (mm), as well as the 
proportional displacement of that midpoint concerning 
the total length of the LV (LV MP% TMAD).

LA function
LA FS was estimated based on the minimum and maxi-
mum LA diameter from the right parasternal short-axis 
view image at the aortic valve level, using anatomic 
M-mode.26 The ratio between the LA and aorta was meas-
ured at the maximum LA diameter (LAD), right after the 
T wave from the ECG, as described previoulsy.27 The LAD 
measure was acquired from the right parasternal long-
axis four-chamber view, being performed as explained 
before, with a maximum reference value of 1.6 cm.28 The 

Figure 1 Apical four-chamber (AP4) images demonstrating: (a) longitudinal strain of the left ventricle (LV); (b) tissue motion 

annular displacement (TMAD) of the LV; (c) TMAD of the left atrium (LA) in a patient with a low heart rate (150 beats per minute 

[bpm]) and a visible plateau (dashed line); and (d) TMAD of the LA in a cat with a faster heart rate (186 bpm), with diastasis 

determined by pausing the electrocardiogram (ECG) cursor just before the P wave on the ECG (white circle). TMAD AP4 

MV1 (in blue) describes the displacement of mitral septal annulus towards the LV apex; TMAD AP4 MV2 (in orange) is the 

displacement of mitral lateral annulus towards the LV apex; TMAD AP4 MV midpoint (in white) signifies the displacement of  

a virtual point determined in between the septal and lateral hinge points of mitral annulus towards the LV apex. In (c) and (d), 

the larger arrows designate the total displacement of the mitral annulus towards the farthest point of the LA (LA D TMAD);  

the shorter ones represent systolic displacement to the same point (LA S TMAD)
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AP4 image was used to measure LA dimensions at three 
different moments based on the LA cycle (before P wave, 
before QRS complex and after T wave), enabling later cal-
culation of the passive (pEF), active (aEF) and complete 
(cEF) LA EF, as detailed elsewhere.29

To calculate LA LSt and LA TMAD, the first two ROIs 
had the same position as the LV at the mitral leaflet hinge 
points, while the third ROI was defined at the cranial inner 
edge of the LA. The total displacement (LA D TMAD) 
between the maximal negative and positive positions was 
the average of the displacements documented individually 
for each of the two annular points. The systolic displace-
ment (LA S TMAD) was the average movement of the two 
ROIs between diastasis and the maximal positive position. 
In humans, diastasis is easily recognized by a plateau wave 
(Figure 1c).30 However, as the mean HR in cats is approxi-
mately three times higher, a plateau phase might not hap-
pen. In these cases, it is possible to determine the diastasis 
based exclusively on the simultaneous ECG, pausing the 
marker immediately before the P wave (Figure 1d).

Statistical analysis
The study aimed to determine whether ophthalmic timolol 
would cause differences in the echocardiographic variables 
of cats after its application. The same group of animals was 
compared before and after application (paired quantitative 
variable). The sample size was calculated using GPower 
3.1.9.4,31 with an expected effect of 80%, a sampling power 
of 95% and an error of 5% for quantitative measurements 
and using two dependent samples, reaching a total num-
ber of 23 cats for the timolol group.

Analysis was conducted in R 4.0.5 (R Core Team 
2021).32 Initially, a descriptive analysis of the data was 
accomplished with an estimate of the mean, median, SD, 
range and interquartile range of the quantitative vari-
ables, and simple and relative frequencies of the qualita-
tive variables.

The Shapiro–Wilk normality test was performed to 
determine the parametric and non-parametric approaches 
to evaluate the quantitative variables. For variables with 
a normal distribution, the difference between two inde-
pendent groups was verified with a Student’s t-test or 
paired t-test for dependent groups (crossover). For vari-
ables without a normal distribution, this difference was 
verified using the Mann–Whitney or Wilcoxon U-test. 
P values <0.05 were considered to be significantly dif-
ferent. Finally, Spearman’s correlation was adopted to 
analyze the relationship between HR and body weight 
(BW) for both timolol and control groups.

Results
Forty-one client-owned healthy cats were enrolled in 
the study. The timolol group was composed of 33 cats, 
including 18 females (mean age 6.1 years [range 1–13]; 
mean weight 5.1 kg [range 2.1–11]). This group included 
Persian (n = 2), Maine Coon (n = 1), Siamese (n = 1) and 
mixed breed (n = 29) cats. Eight mixed-breed (including 

six females) were included as a control group (mean age 
8.8 years [range 3–13]; mean weight 4.5 kg [range 2.1–7.6]).

Most data were normally distributed, except BW, HR, 
LA and aorta measurements on the right transversal 
image, isovolumic relaxation time (IVRT), TDI velocities, 
MAPSE IVS, MAPSE FW and TAPSE.

The mean SBP (140 mmHg) of the control groups (con-
trol timolol and control 1) did not differ significantly. All 
animals had normal sinus rhythm on ECG recording.

The echocardiographic indices of the control group 
presented no significant differences between the two 
examinations performed after a 20 min interval (control 
1 and control 2). On the contrary, the echocardiogram of 
cats after timolol administration showed differences in 
many indices, as shown in Table 1 and Figure 2. Figure 3 
displays the variations in some of the variables affected 
by timolol (control timolol and timolol).

Table 2 presents the assessment results of the LV fill-
ing pattern before and after timolol administration. The 
lower HR resulted in an increase in IVRT by 15.2% (from 
54.8 to 64.6 ms), with most cats having this variable above 
the reference (>60 ms)4 after drug administration. Of 33 
cats, only 11 (33.3%) presented fused transmitral waves 
before timolol administration. Similarly, few diastolic TDI 
waves were fused on the control echocardiogram (control 
timolol): only five when measured at the IVS annulus 
(15.1%) and eight at the FW annulus (24.2%). The ‘impos-
sibility of diastolic assessment’ described in Table 2 refers 
to the fusion of mitral waves or TDI waves preventing 
diastolic interpretation, as the presence of unfused waves 
is required in both techniques.

Spearman’s test revealed a moderate negative correla-
tion between HR and BW (r = −0.290 and −0.393, respec-
tively) for both the control and timolol groups, with 
evidence of statistical significance for the timolol group 
(P = 0.025).

Concerning the LA TMAD results, most cats did not 
show a plateau phase (Figure 1d). A horizontal line dur-
ing LA diastasis similar to that seen in a human graph 
(Figure 1c)30 occurred in a few cats: three in the first 
echocardiogram of the control group (control 1) and two 
in the second (control 2). In the timolol group, four cats 
showed a plateau phase on the first echocardiogram (con-
trol timolol), increasing to eight on the second (timolol), 
without statistical significance.

Regarding side effects, miosis occurred in 18 cats (54%) 
and lasted an average of 18 h, reaching up to 80 h in one 
cat. A contralateral effect on pupil diameter was not seen 
in the non-treated eye, ending in anisocoria (Figure 4). 
Short-lived ptyalism (<3 mins) was observed immedi-
ately after timolol application in 4/33 cats (12%).

Discussion
This investigation sought to assess whether timolol 
administered in eye drops interfered with cardiac vari-
ables assessed by echocardiography. In general, cats are 
more sensitive to stressful conditions, although they may 
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Figure 2 Percentage of change in echocardiographic indices significantly affected by timolol administration. HR = heart 

rate; FS = fractional shortening of the left ventricle; EF = ejection fraction of the left ventricle; LVIDs = left ventricular internal 

dimension at end-systole; MAPSE FW = mitral annular plane systolic excursion measured at the free wall annulus; A flow =  

peak velocity of aortic valve flow; P flow = peak velocity of pulmonary valve flow; Sep S’ = peak velocity of systolic mitral 

annular motion as determined by pulsed wave Doppler at the septal annulus; Lat S’ = peak velocity of systolic mitral annular 

motion as determined by pulsed wave Doppler at the lateral annulus; LA FS = fractional shortening of the left atrium; global 

cEF = complete ejection fraction of the left atrium; global LA LSt = global longitudinal strain of the left atrium

Figure 3 Boxplots representing echocardiographic indices altered significantly after timolol administration. Comparison 

between the first and second echocardiograms in the timolol group (control timolol and timolol) and the control group (control 

1 and control 2). HR = heart rate; bpm = beats per min; SF = shortening fraction of the left ventricle; EF = ejection fraction; 

LVIDs = left ventricular internal dimension at end-systole; AoV = peak velocity of aortic valve flow; PuV = peak velocity  

of pulmonary valve flow; IVRT = isovolumic relaxation time
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hide signs of stress owing to their survival strategy.33 
Continued restraint during echocardiography exacer-
bates sympathetic activation, resulting in tachycardia and 
changes in several variables to assess cardiac function. 
The administration of a beta blocker could lead to a con-
dition closer to the normal physiologic pattern, reflecting 
the condition the cat was in before sympathetic activa-
tion, or it could go beyond this point and lead to para-
sympathetic activation. It is likely that the latter occurred, 
given the high number of significantly altered variables 
(17/46) in the second echocardiogram of the timolol group 
(Table 1). In contrast, in the control group no significant 
differences were observed between the variables in the 
two echocardiographs performed. Hence, handling twice 
for echocardiography and the waiting period in a hospital 
environment did not stress the cats sufficiently to raise 
the HR and affect the indices.

Although timolol has its maximum effect in cats 
between 6 and 12 h after administration,12 we chose to 
repeat the echocardiogram 20 mins later to follow the same 
protocol for the diastolic assessment detailed previously,11 
which coincides with the onset of its action after topical 
administration. As previously mentioned, timolol applied 
topically to the eyes has systemic effects, with a reduction 
in HR being the easiest to observe. Timolol effectively 
decreased HR by 19%, from ~190 to ~160 bpm. The mean 
decrease of 30 bpm was close to that previously reported 

(25 bpm).11 Interestingly, another research group reported 
that a drop of timolol gel-forming solution did not affect 
HR 4 and 8 h later,34 suggesting the bradycardic effect 
may not last long.

As there was a difference in BW between the animals, 
the dose of assimilated timolol was not the same, which 
may have influenced the variations observed. One drop 
of timolol contains approximately 0.17 mg, with most 
cats receiving around 0.033 mg/kg, considering an aver-
age BW of 5.1 kg. The dose that the lightest animal (2 kg) 
received was 5.6 times that of the heaviest cat (11 kg): 
0.085 and 0.015 mg/kg, respectively. The difference in 
dose may explain the non-alteration of HR between the 
two echocardiograms of the heaviest animal; the HR 
remained at 150 bpm, which is a low HR for the species. 
However, excluding this outlier cat, the others weighed a 
maximum of 7.5 kg, and all showed a significant drop in 
HR after timolol administration. Moreover, Spearman’s 
test showed a significant negative correlation between 
HR and BW after timolol, amplifying a tendency seen 
by the control group, although without statistical signifi-
cance. The correlation with the control group would also 
presumably be significant in a larger sample, as previ-
ously observed in healthy cats,22 with HR decreasing as 
BW increases.

Comparing the results of timolol administration and 
the vagal maneuver previously investigated is chal-
lenging. Their advantages and limitations are pretty 
balanced, and it is difficult to determine which is more 
suitable. Timolol required a 20 min waiting interval and 
the HR reduction lasted throughout the echocardio-
graphic examination. The vagal maneuver produced a 
more pronounced reduction in HR (42 bpm) within a few 
seconds,10 lasting a maximum of 15 s, allowing systolic 
assessment with usual HR. However, about one-quarter 
of animals submitted to vagal stimulation had an inad-
equate response (HR reduction <20 bpm). Although the 
cited investigation did not observe it, a paradoxical tachy-
cardia might result from the oculocardiac reflex.35 Besides, 
to separate both the spectral and TDI waves, it might be 
necessary to repeat the stimuli, with the risk of reducing 
the intensity of the decrease in HR caused by fatigue, 
as reported in children.36 Finally, the administration of 

Table 2 Echocardiographic diastolic alterations before and after timolol administration

Diastolic alteration Control (n = 33) Timolol (n = 33) P value

Enlarged IVRT (>60 ms) 8 (24.2) 20 (60.6) 0.003

EAfus 8 (24.2) 8 (24.2) 0.613

E’A’fus FW 8 (24.2) 2 (6.1) 0.041

Impossibility of diastolic assessment (FW) 11 (33.3) 8 (24.2) 0.552

E’A’fus IVS 5 (15.1) 5 (15.1) 0.500

Impossibility of diastolic assessment (IVS) 9 (27.3) 8 (24.2) 0.625

Data are n (%)

IVRT = isovolumetric relaxation time; EAfus = peak velocity of summated E and A waves; E’A’fus = peak velocity of summated E’ and A’ waves; 

FW = free wall; IVS = interventricular septum

Figure 4 Left eye of the cat with miosis owing to timolol 

resulting in anisocoria
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timolol seems to be less invasive and more suitable for 
stressed cats. They may be disturbed by the mechanical 
procedure for parasympathetic stimulation in addition to 
the restraint required for the echocardiography. In dogs, 
fear and pain may be associated with the procedure, and 
potential reasons for a paradoxical elevation in HR or the 
absence of response after the maneuver.10

Most systolic surrogates decreased with the use of 
timolol, such as FS and EF (Table 1). The FS, a classical 
echocardiographic variable used to evaluate radial sys-
tolic function, reduced by 20.3% (from 51% to 42.4%), 
coinciding with what has been previously reported.11 
However, post-timolol FS was still within the reference 
interval for cats (ie, between 39% and 51%).22 Timolol is 
not likely, at least in normal cats, to impair the interpre-
tation of the echocardiogram. Nonetheless, in cats with 
HCM, the reduction in FS has already been demonstrated 
to be a prognostic surrogate.9,37 A mean FS of 42.4% is 
much closer to what has been seen in cats with heart fail-
ure owing to HCM than in healthy cats.38

Interestingly, the variables known to assess longi-
tudinal ventricular systolic function, including LV LSt, 
MAPSE IVS and TMAD, were less impaired by timolol. 
A possible explanation would be a more potent action of 
timolol on the transversal myocardial fibers. In humans, 
transverse cardiomyocytes have been shown to be signifi-
cantly more sensitive to beta blockers, with studies sug-
gesting a physiological balance of antagonism between 
myocytes.39,40 Another explanation lies with HR variation 
itself, which affects the radial fibers more than the longi-
tudinal ones, as previously described.41

A surprising result was the significant reduction 
(9.8%) in MAPSE FW after timolol administration, while 
there was no corresponding reduction in MAPSE IVS. 
This finding reinforces the perception that MAPSE does 
not behave similarly when measured on the FW or the 
IVS annulus, with the IVS annulus somehow affected by 
the right ventricle, as previously reported.42 A previous 
study with HCM cats concluded that the MAPSE IVS was 
the only factor predicting pleural effusion on a multivari-
able regression model,43 pointing to the influence of the 
right ventricle on this index. The researchers assumed 
that the IVS mitral annulus acts differently from the FW, 
and changes in its longitudinal function could lead to 
pleural effusion rather than pulmonary edema. In any 
case, the decrease in MAPSE FW indicated that timolol 
may also have influenced longitudinal fibers, although 
not sufficiently to change other longitudinal indices, as 
previously discussed.

Many LA variables changed significantly after timolol 
administration. Considerable LA area measures obtained 
from AP2 and AP4 images increased on the second 
echocardiogram in the timolol group, affecting LA cEF on 
both AP4 and AP2. The reductions in LA FS (17%), global 
LA LSt (12%) and global LA cEF (9%) suggest a compro-
mise in atrial function once timolol was administered. On 

the contrary, LA TMAD values did not change between 
examinations, requiring more understanding of this LA 
assessment technique to justify its non-alteration. Despite 
presenting potential advantages, such as not demanding 
high-quality images, the use of TMAD to evaluate the LA 
function has not been validated in cats, and has previously 
only been applied to one research group in humans.30 
Interestingly, the reduction in HR promoted by timolol 
was insufficient to significantly increase the number of 
graphics, with a plateau phase signaling the diastasis of 
the LA, as occurs in human LA TMAD, suggesting a need 
for an even lower HR.

Of the 17 variables that changed after timolol admin-
istration (Table 1), peak systolic mitral annular velocity 
presented the most remarkable change, as determined 
by tissue Doppler (S’). The S’ obtained from the interven-
tricular annulus reduced by 51% (from 7.7 to 5.2 cm/s) and 
43.1% from the FW (from 7.3 to 5.1 cm/s). Consequently, 
timolol lowered the S’ velocity to <5.2 cm/s, below the 
reference interval.5 Similar results on S’ velocity have 
been reported previously.5,8 There is a positive relation-
ship between the S’ wave and HR; however, it is impos-
sible to delimit how much the reduction in HR may have 
played a role in such a marked decline. It seems that a 
combination of factors contributed, such as a systolic 
impairment evidenced by the lower FS. Of note, cats with 
HCM are known to have lower S’ wave velocity.5,23 In 
such patients, timolol might complicate the interpretation 
of the echocardiogram as the cardiologist will not be able 
to confirm if a reduced myocardial velocity is a result of 
the illness or the drug.

The pulmonary and aortic outflow velocities also 
decreased (by 27.2% and 21.3%, respectively) with tim-
olol administration. This reduction appeared to be a 
consequence of the reduction in HR. A previous study 
with dogs concluded that an increase in HR leads to a 
faster aortic and pulmonary flow velocity,44 insinuating a 
directly proportional relationship between them.

Regrettably, a low frequency of fused mitral outflow 
waves was documented in the first echocardiogram 
(Table 2). We speculate that having cats undergo a series 
of procedures (auscultation, hair clip, ECG and SBP 
measurement) before the echocardiogram might have 
contributed to their adaptation to the environment. Also, 
timolol administration did not separate most EAfus and 
E’A’fus, which impaired the LV filling pressure assess-
ment. In those cats in which fused mitral or TDI waves 
were observed (11/33, using TDI IVS [33.3%]), timolol 
produced the desired separation in 3/11 (10.1%). In a pre-
vious study with timolol, 13/20 cats had a transmitral 
fusion, and successful separation was achieved in eight 
(62%).11 Investigation with vagal maneuvers had better 
results, effectively separating 71% of the fused transmi-
tral flows and 72% of the TDI velocity.10

The fusion of transmitral waves may be caused by 
increased HR or indicate diastolic impairment. A previous 
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study found that cats with HCM tend to have more EAfus 
at a lower HR than healthy cats, suggesting that sum-
mation may indicate diastolic impairment.5 However, 
as the present study aimed to evaluate healthy cats, a 
more likely explanation for the low success of timolol 
might be due to a combination of factors: an insufficient 
reduction in HR; few animals with fused waves on the 
control echocardiogram (control timolol); and the separa-
tion of only one variable (mitral outflow or TDI), not both 
simultaneously.

A noteworthy result was the increase in IVRT post-
timolol (Table 2). IVRT is a diastolic variable influenced 
by HR, lasting longer as HR decreases.4 Combined 
with other variables, an enlarged IVRT reveals a dias-
tolic dysfunction.45 Eight cats in the timolol group had 
increased TRIV (>60 ms) before instillation (24%), which 
were maintained in the experiment because they did not 
manifest alterations in any other variable and had an HR 
low enough to justify an increase in this index. However, 
enlarged IVRT more than doubled after using the drug, 
rising to 20 (60.6%). Consequently, timolol administration 
might lead to a misinterpretation of the cat’s echocardio-
gram as enlarged IVRT in these cases reflects the action 
of the beta blocker and is not associated with a diastolic 
impairment.

The administration of timolol ophthalmic solution 
was initially proposed to assist in the early diagnosis of 
HCM11 as diastolic dysfunction secondary to hypertro-
phy is characteristic of this disease.46 However, timolol 
might not be indicated in cats with HCM as it increases 
IVRT and interferes negatively with the systolic func-
tion of LV and LA. The administration would likely make 
the diagnosis of subclinical HCM more challenging. In 
patients already diagnosed with HCM, a low LA FS – a 
classical indicator of poor prognostic9,37 – could be due 
to timolol action and not to the disease itself. There are 
no data on the effect of timolol in cats with advanced 
cardiomyopathy.

The ideal situation would be to adopt a technique to 
assess diastolic function independent of preload and HR. 
One method that meets this requirement is assessment of 
the flow velocity profiles of the left anterior descending 
coronary artery via transesophageal echocardiography.47 
Another, more promising relaxation index, is the velocity 
of propagation of the mitral flow (Vp),48 obtained during 
transthoracic echocardiography. It measures the rapid 
filling phase determined by M-mode color Doppler echo-
cardiography, with its application reported in humans 
with HCM49 and dogs with dilated cardiomyopathy.50 A 
recent study in HCM cats concluded that the decline in 
Vp is correlated with the degree of increase in LA, which 
is significantly associated with the progression of dias-
tolic dysfunction in HCM.45

Interestingly, two cats appeared much calmer on the 
second echocardiogram. Their HR decreased slightly 
more than the mean, from 240 to 185 bpm (22.9%) and 

from 180 to 140 bpm (22.3%). Hence, it is plausible that 
the observed relaxation resulted from a beta blocker 
anxiolytic effect51 and not from the reduction in HR itself. 
Behavioural assessment was not part of the experimen-
tal design, and the tranquillizing effect may have been 
present in other cats and gone unnoticed. Although this 
relaxation was not perceived in the control group, it is 
not possible to exclude the cat’s acclimatization in reduc-
ing anxiety.

In this investigation, a drop of timolol did not cause 
any clinically relevant adverse effects. All the cats likely 
had miosis on the eye that received the drug (Figure 4), 
but it was only observed in 18/33 cats (54.5%), resulting 
in anisocoria as the contralateral non-treated eye was 
not affected.11,33 A previous study of the administration 
of timolol in normotensive eyes in healthy cats reported 
a reduction in pupil diameter of 38.7% at 30 mins after 
treatment in all cats.12 Despite going unnoticed by a 
significant number of owners, anisocoria was a dis-
turbing feature for some of them, who reported non-
specific behavioral changes, such as hiding or inactivity, 
both common alterations in cats exposed to a hospital 
environment.

Considering that only healthy cats were included, 
some possible side effects were not observed, such as 
bronchoconstriction,52 which is an important reason for 
contraindication of timolol for cats with feline asthma.15 
This eye solution might also be avoided in elderly cats, 
as its continued use has been linked to syncope,53 post-
prandial head-drops54 and atrioventricular block55 in 
older people. Some studies do not recommend timolol 
for long-term treatment of glaucoma in cats with cardiac 
diseases,15,56 but nothing is known about the effect of a 
single administration in cats with advanced heart failure. 
However, some researchers hypothesize that the nega-
tive inotropic effect of timolol may help to elucidate the 
patient’s response to beta blockade, particularly in cats 
with obstructive cardiomyopathy.11 In the cited study, 
all six cats with evidence of dynamic obstruction or 
hypertrophic obstructive cardiomyopathy on baseline 
echocardiogram had relief of that obstruction after the 
administration of timolol.

Moreover, some episodes of ptyalism were reported, 
which is in line with preliminary data.11 This excess sali-
vation was not an action of timolol, but simply a nor-
mal cat response to the bad taste of the eye solution that 
passed through the tear duct to the back of the throat. 
However, as this reaction was short-lived, it may have 
gone unnoticed in most cats, as they waited in their crate 
for the second echocardiogram.

There were some limitations to this study. First, despite 
all efforts to select only healthy individuals, occult car-
diomyopathies might not have been identified. Another 
limitation was the variation in the dose administered, 
which could be resolved by choosing only cats with 
similar BWs or manipulating the ophthalmic solution 
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to administer a similar dose for all. The small number 
of cats with EAfus and E’A’fus biased the evaluation of 
timolol as a facilitator in assessing LV filling pressure. 
In this case, the owner’s awareness that their cat would 
undergo two echocardiograms may have discouraged 
them from bringing stressed cats to hospital environ-
ments, with only calmer cats participating in the experi-
ment. A less pronounced fear response would result in 
a control echocardiogram with a lower HR and separate 
transmitral flow. An intraocular pressure measurement 
after the second echocardiogram could have added rel-
evant information connecting the heart effect and reduc-
tion in eye pressure.

Conclusions
A drop of timolol 0.5% ophthalmic solution reduced HR 
and interfered negatively with the LV and LA systolic 
function in healthy cats. It affected many variables com-
monly used in standard echocardiography, such as FS 
and EF. All the cited changes are not desirable in evaluat-
ing cats with suspected cardiomyopathy, with a risk of 
misinterpretation. The influence of timolol was milder 
on the echocardiographic indexes known to assess the 
longitudinal systolic function of the LV, such as TAPSE, 
MAPSE IVS, LSt and TMAD. The MAPSE FW and de S’ 
wave were two exceptions, with both decreasing signifi-
cantly after the administration of timolol.

Finally, despite not being the objective of the present 
study, it was found that diastolic evaluation was not ben-
efited by timolol as the decrease in HR was not enough 
to separate the transmitral waves. On the contrary, the 
drug significantly enlarged the IVRT, which was used to 
classify diastolic function.
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