
S T ANDA RD AR T I C L E

The use of focused cardiac ultrasound to screen for occult
heart disease in asymptomatic cats

Kerry A. Loughran1,2 | John E. Rush1 | Elizabeth A. Rozanski1 |

Mark A. Oyama2 | Éva Larouche-Lebel2 | Marc S. Kraus2

1Department of Clinical Sciences, Cummings

School of Veterinary Medicine at Tufts

University, North Grafton, Massachusetts

2Department of Clinical Sciences and

Advanced Medicine, School of Veterinary

Medicine, University of Pennsylvania,

Philadelphia, Pennsylvania

Correspondence

John E. Rush, Department of Clinical Sciences,

The Cummings School of Veterinary Medicine

at Tufts University, 200 Westboro Road,

North Grafton, MA 01536.

Email: john.rush@tufts.edu

Funding information

Barkley Fund; Morris Animal Foundation,

Grant/Award Number: D14FE-502

Abstract

Background: Focused cardiac ultrasound (FCU) helps detect occult heart disease in

human patients.

Hypothesis: Focused cardiac ultrasound by a nonspecialist practitioner (NSP) will

increase the detection of occult heart disease in asymptomatic cats compared with

physical examination and ECG.

Animals: Three hundred forty-three client-owned cats: 54 excluded and 289 analyzed.

Methods: Multicenter prospective cohort study. Twenty-two NSPs were trained to

perform FCU. Cats without clinical signs of heart disease were recruited, and NSPs

performed the following in sequential order: physical examination, ECG, FCU, and

point-of-care N-terminal pro-B-type natriuretic peptide assay (POC-BNP). After each

step, NSPs indicated yes, no, or equivocal as to whether they believed heart disease

was present. The level of agreement between the NSP diagnosis and a blinded cardi-

ologist's diagnosis after echocardiogram was evaluated using Cohen's kappa test.

Results: Cardiologist diagnoses included 148 normal cats, 102 with heart disease, and

39 equivocal ones. Agreement between NSP and cardiologist was slight after physical

examination (kappa 0.253 [95% CI, 0.172-0.340]), did not increase after ECG (0.256

[0.161-0.345]; P = .96), increased after FCU (0.468 [0.376-0.558]; P = .002), and the

level of agreement was similar after POC-BNP (0.498 [0.419-0.580]; P = .67). In cats

with mild, moderate, and marked occult heart disease, the proportion of cats having a

NSP diagnosis of heart disease after FCU was 45.6%, 93.1%, and 100%, respectively.

Conclusions and Clinical Importance: Focused cardiac ultrasound performed by

NSPs increased the detection of occult heart disease, especially in cats with moder-

ate to marked disease. Focused cardiac ultrasound appears to be a feasible and useful

tool to assist NSPs in the detection of heart disease in cats.
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1 | INTRODUCTION

Heart disease is a common cause of morbidity and mortality in cats.1-3

Some affected cats are perpetually asymptomatic, whereas others

experience life-threatening clinical manifestations, including cardiac

arrhythmias, arterial thromboembolism, syncope, congestive heart fail-

ure, or sudden death.4-6 Identifying cats with occult heart disease is

difficult in general practice because the diagnostic tools available to the

nonspecialist practitioners (NSPs), including physical examination,1,2,5,7

thoracic radiographs,5,7-9 ECG,8,9 genetic testing,10,11 and biomarker

measurement,12-19 have limitations. For example, the point-of-care

N-terminal pro-B-type natriuretic peptide assay (POC-BNP) quickly and

reliably detects moderate to severe occult cardiomyopathy in cats.15

However, false-negative results are possible in cats with mild heart dis-

ease, and false-positive results are possible in cats with systemic illness

such as chronic kidney disease20 or noncardiac respiratory disease.21

Echocardiograms performed by board-certified veterinary cardiology

specialists are considered the clinical reference standard for diagnosing

cardiomyopathy in cats5,22-24; however, most cats do not ever receive

an echocardiographic evaluation.23 Reasons for this include the follow-

ing: (1) echocardiography requires specialized equipment and advanced

technical skills, (2) echocardiography is typically expensive compared

with the other available cardiac tests, and (3) there exist a limited num-

ber of veterinary cardiologists relative to the number of household cats.

It is therefore not uncommon for cats to present to veterinary hospitals

with serious cardiac complications without having any documented his-

tory of cardiac disease.25-27

Focused cardiac ultrasound (FCU) is defined as “a focused examina-

tion of the cardiovascular system performed by a [veterinarian] by using

ultrasound as an adjunct to the physical examination to recognize spe-

cific ultrasonic signs that represent a narrow list of potential diagnoses

in specific clinical settings.”28 In humans, FCU accurately detects left

ventricular hypertrophy, left atrial enlargement, systolic dysfunction,

and cavitary effusion, among other findings,28,29 and when used in con-

junction with other diagnostics such as physical examination and ECG,

it improves clinical decision-making.28 In both human patients and in

veterinary species in the emergency room setting, focused assessment

with sonography for trauma, triage, and tracking protocols help diag-

nose certain conditions, including cavitary effusions, pleural space dis-

ease, and pulmonary disease.28-35 Focused cardiac ultrasound is useful

for differentiating congestive heart failure from non-cardiac causes of

dyspnea in cats.21 The FCU in the present study is distinct from previ-

ously described sonographic protocols due to its use in nonemergent

clinical scenarios and its concentration on specific heart structures visu-

alized from a limited number of acquired images.28,29

The use of FCU to screen asymptomatic cats for occult cardiac dis-

ease has not been previously described. The goal of this study is to

evaluate the use of FCU by NSPs to detect important sonographic car-

diac features characteristic of occult heart disease in cats. The hypothe-

sis of this study is that the agreement between NSPs and cardiologists

regarding the presence or absence of occult heart disease in cats will

improve when FCU is performed after physical examination and ECG.

2 | MATERIALS AND METHODS

Enrollment in this multicenter diagnostic test evaluation via prospec-

tive cohort spanned from April 2016 through December 2017.

All study procedures were approved by the Clinical Studies Review

Committee at the Cummings School of Veterinary Medicine at Tufts

University and the Institutional Animal Care and Use Committee

at the University of Pennsylvania School of Veterinary Medicine.

Informed owner consent was obtained for each participating cat.

2.1 | Animals

Inclusion criteria were cats older than 1 year of age without signs of

heart disease, such as exercise intolerance, difficulty breathing, or

collapsing episodes. Exclusion criteria were cats with known prior

congestive heart failure or arterial thromboembolism, cats treated with

cardiac medications, cats with known systemic hypertension, cats with

known uncontrolled hyperthyroidism, cats with IRIS stage 3 or greater

kidney disease, cats receiving fluids, cats with active systemic illness,

and cats that had an echocardiogram by someone with advanced echo-

cardiographic skills in the last 2 years.

2.2 | NSP enrollment

General practice veterinarians, conveniently located near the study cen-

ters and with no prior formal cardiac ultrasound training, were recruited

to participate in this study via email or telephone to form a cohort of

NSPs. Training of the NSPs was modeled after a previously described

FCU training course.36 The protocol for teaching NSPs how to perform

FCU included the following: (1) participation in an on-site training session

that included a short didactic lesson and a live FCU demonstration by

the cardiologist; (2) viewing an online instructional video (https://www.

youtube.com/watch?v=I4U8AoxYmok&feature=youtube); and (3) practic-

ing FCU on a cohort of cats with or without cardiologist supervision. The

goal of training was to enable NSPs first to obtain adequate right par-

asternal short axis views of the left atrium and left ventricle and second

to subjectively evaluate key cardiac features such as the left atrial size,

left ventricular wall thickness, left ventricular contractile function, as well

as the presence or absence of cavitary effusions. Nonspecialist practi-

tioners were instructed to decide whether cardiac abnormalities were

present using the following guidelines: (1) when looking at the short axis

view of the left atrium, if the area of the left atrium is more than 2.5

times the area of the aorta, the diameter of the left atrium is more than

1.5 times the diameter of the aorta, or both, then the left atrium is likely

enlarged; (2) when looking at the short axis view of the left ventricle, if

the wall thickness is more than 40% of the left ventricle cavity diameter,

if there are subjectively prominent papillary muscles, if the left ventricle

cavity appears small in systole, or all the three, then the cardiac muscula-

ture is likely thickened; and (3) if the ventricle appears to contract less

than half the way down with each contraction, if the vigor of contraction

is subjectively less than normal, or both, then left ventricle contractile

function could be compromised. The NSPs were shown case examples

LOUGHRAN ET AL. 1893

https://www.youtube.com/watch?v=I4U8AoxYmokandfeature=youtube
https://www.youtube.com/watch?v=I4U8AoxYmokandfeature=youtube


of these abnormalities via the online instructional video, presentation by

the cardiologist, or both. Case examples included hypertrophic cardiomy-

opathy, dilated cardiomyopathy, pericardial effusion, and pleural effusion.

Nonspecialist practitioners were encouraged to practice the FCU before

enrolling cats in the study until they felt comfortable obtaining the views

and identifying abnormalities. The recommended number of FCUs for

practice was 25 to 30 cats before enrolling cats in the study. It was antici-

pated that knowledge regarding the variations of normal atrial size, ven-

tricular function, and wall thickness would be further developed based on

these 25 to 30 practice examinations.

2.3 | Study sessions

After training was completed by a NSP, apparently healthy cats meet-

ing the inclusion criteria were recruited from clients and clinic

employees for the incentive of echocardiographic evaluation and

advancing veterinary science. Cats with a history of a heart murmur,

gallop, or arrhythmia were not excluded from participation. The cardi-

ologist and the NSP both assessed all cats at the clinic where the NSP

routinely practiced, and the NSP performed all FCUs using the ultra-

sound unit and probe already available at their clinic. The cardiologist

and the NSP evaluated cats in separate rooms and were blinded to

each other's findings. Technicians or other veterinarians were present

to help with restraint, phlebotomy, and obtaining the ECG recordings.

2.4 | NSP cardiac evaluation

Data collection was achieved using a standardized form, and the order

in which the diagnostic tests were performed was strictly controlled.

After each of the diagnostic tests, the NSPs were asked whether they

thought the cat had heart disease (yes, no, or equivocal). First, the NSP

performed a physical examination with cardiac auscultation. Heart rate

and respiratory rate as well as the presence of murmurs, gallops, and

arrhythmias were recorded. Second, an ECG was obtained via a hand-

held smartphone device (Alivecor, Mountain View, California) or single

or 6-lead ECG machine. The NSPs were instructed to consider the ECG

rhythm and the heart rate. Third, FCU was performed by the NSP. The

NSPs were asked to subjectively assess whether left atrial enlargement,

left ventricular hypertrophy, cavitary effusions, or decreased contractil-

ity were present. Fourth and finally, venous blood was collected for a

commercial POC-BNP (Idexx Laboratories, Westbrook, Maine), and the

assay result was recorded as negative or positive. After each of the

4 diagnostic steps, and before performing the next diagnostic test,

NSPs indicated yes, no, or equivocal as to whether they thought the

cat had heart disease based on all the information and diagnostics that

had been accumulated up until that point.

2.5 | Board-certified cardiologist evaluation

A board-certified cardiology specialist made a clinical reference diagno-

sis based on (1) the review of the NSP's ECG and POC-BNP result,

(2) their own physical examination, and (3) M-mode, 2D, and Doppler

color flow echocardiogram. In addition to echocardiographic evaluation,

cardiologists specifically noted the degree of left atrial enlargement and

left ventricular hypertrophy as none, mild, moderate, or marked. Based

on their findings, the cardiology specialist diagnosed each cat as normal,

equivocal, or having heart disease. For those cats with heart disease,

the cardiologist reported a subjective interpretation of overall disease

severity as mild, moderate, or marked.

2.6 | Statistical analysis

Descriptive statistics of cat demographics and diagnostic findings

were generated. Normality of data was tested using Shapiro-Wilk

tests and visual inspection of frequency histograms. Comparisons

between cat groups were performed either using Kruskal-Wallis tests

followed by Wilcoxon rank-sum tests for pairwise comparisons or

using one-way analysis of variance followed by pairwise t-tests or

Sidek multiple comparisons tests. The level of agreement between

NSPs and cardiologists was determined by calculation of Cohen's

kappa. With respect to evaluation of the presence or absence of heart

disease after each diagnostic step, NSPs could select 1 of 3 different

responses (yes, no, or equivocal). An equivocal response meant that the

observer's certainty about the presence of heart disease was between

a yes and a no response. To account for the presence of this uncer-

tainty, the prespecified analysis plan called for the use of weighted

kappa analyses,37 whereby concordant diagnoses of yes, no, or equivo-

cal were assigned a weight of 1, discordant diagnoses that involved an

equivocal diagnosis by either the NSP or cardiologist were assigned a

weight of 0.5, and discordant diagnoses not involving an equivocal

diagnosis were assigned a weight of 0. The 3 × 3 table of kappa

weights is shown in Figure 1. For secondary end points involving

the level of agreement between dichotomous responses, unweighted

kappa analyses of the 2 × 2 table were performed. Levels of agreement

based on kappa values were prespecified as follows: poor, 0.00-0.20;

slight, 0.21-0.40; moderate, 0.41-0.60; good, 0.61-0.80; very good,

0.81-1.00.38 To determine the effect of each individual diagnostic test

on the number and proportion of cats that received a correct (ie, con-

cordant) or incorrect (ie, discordant) diagnosis, cases were tabulated

and assigned to 1 of 4 categories after each diagnostic step as follows:

category C-C, cases with a correct diagnosis both before and after the

F IGURE 1 Kappa weights for analyses of the level of agreement
between assessment of the nonspecialist practitioner (NSP) and
cardiologist for the presence or absence of heart disease in cats
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diagnostic test; category I-C, cases with an incorrect diagnosis before

and correct diagnosis after the test; category C-I, cases with a correct

diagnosis before and incorrect diagnosis after the test; category I-I,

cases with an incorrect diagnosis both before and after the test. Cases

were further tabulated by disease severity. To explore how different

diagnostic findings influenced the likelihood that the NSP would

diagnose a case as having heart disease after FCU, univariate and

multivariate logistic regression was performed with the NSP diagno-

sis after FCU as the dependent variable. Cases with an equivocal

diagnosis by the NSP were excluded. Variables with P values <.2 on

univariable regression were entered into a multivariable model, and

backward selection was performed until all remaining variables had a

P value <.05. Statistical analysis was performed using commercial

software (Stata 14.2, Stata Corporation, College Station, Texas;

Prism 7.0d, GraphPad Software, Inc, La Jolla, California). P < .05 was

considered significant. Continuous data are displayed as median

(IQR) unless otherwise specified.

3 | RESULTS

Three hundred forty-three cats were enrolled. No cats were sedated

for the purpose of FCU. Twenty-eight cats were too fractious to be

restrained for the study procedures and were excluded. An additional

26 cats were excluded due to inability of the NSPs to obtain FCU

images they felt were suitable for interpretation. The remaining 289 of

343 cats (84.3%) formed the analysis set. Within this set, cardiologists

assigned the following diagnoses: normal, 148 of 289 (51.2%); heart

disease, 102 of 289 (35.3%); and equivocal, 39 of 289 (13.5%). Three

cardiology specialists from 2 veterinary medical universities partici-

pated. The Cummings School of Veterinary Medicine at Tufts Univer-

sity served as the primary coordinating site for 209 of 289 cats (72.3%)

and the University of Pennsylvania School of Veterinary Medicine for

80 of 289 cats (27.7%). Twenty-two different NSPs from 16 different

veterinary practices participated in the study. The median number of

cats examined by each NSP was 11 (range, 1-44).

Differences in signalment and physical examination variables

among cats diagnosed as normal, with heart disease, and equivocal

are shown in Table 1. The median age of the entire study popula-

tion was 9 (5-12) years, with normal cats being significantly youn-

ger than cats diagnosed with heart disease or being equivocal. The

median body weight was 5.2 (4.3-6.0) kg, with cats having heart

disease being significantly heavier than normal cats. One hundred

fourteen (39.4%) cats were female, and 175 of 289 cats (60.6%) were

male. Male cats made up a significantly higher proportion of cats with

heart disease compared to cats that were normal (P = .02). The median

heart rate was 200 (180-220) bpm, and the median respiratory rate was

40 (30-52) breaths per minute with no significant differences between

cat groups for either variable. Most cats in the study were domestic short

hair (187/289, 64.7%), followed by domestic long hair (52/289, 18.0%)

and Maine Coon (11/289, 3.8%).

The specific diagnoses and subjective disease severities in the

102 cats with a reference diagnosis of heart disease are shown in

TABLE 1 Signalment, body weight,
heart rate, and respiratory rate of the
study cohort

Normal Heart disease Equivocal
n = 148 n = 102 n = 39 P

Agea 7 (4-10) 10 (7-12)b 10 (7-14)c <.001

n 147 101 bversus normal, <.001

cversus normal, <.001

Body weight 4.9 (4.0-6.0) 5.5 (4.7-6.0)b 5.3 (3.8-6.0) .008

bversus normal, .002

Sex (F/M) 68/80 29/73b 17/22 .02

bversus normal, .02

Heart rate 200 (180-200) 200 (180-220) 190 (180-210) .23

Respiratory rate 40 (30-60) 40 (32-50) 40 (30-50) .84

n 146 100 38

aThe age of 2 cats that were adopted from a shelter could not be accurately determined.

TABLE 2 Primary diagnosis and disease severity of 102 cats with
a reference diagnosis of heart disease by a cardiologist

Severity

Diagnosis Mild Moderate Marked Total

Hypertrophic cardiomyopathy 37 3 2 42

Hypertrophic obstructive

cardiomyopathy

19 17 1 37

Restrictive/unclassified

cardiomyopathy

6 3 1 10

Valve disease 2 1 1 4

Dilated cardiomyopathy 0 3 1 4

Othera 3 2 0 5

Total 67 29 6 102

aOther includes 1 cat with each of the following diagnoses: pericardial

effusion, patent ductus arteriosus, ventricular septal defect, complete

atrioventricular nodal block, and arrhythmogenic right ventricular

cardiomyopathy.
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Table 2. Hypertrophic cardiomyopathy was the most common diagno-

sis (42/102, 41.2%), followed by hypertrophic obstructive cardiomyop-

athy (37/102, 36.3%) and restrictive or unclassified cardiomyopathy

(10/102, 9.8%). Sixty-seven of 102 (65.7%) cats were judged to have

mild disease; 29 of 102 (28.4%) cats to have moderate disease, and

6 of 102 (5.9%) cats to have marked disease.

The level of agreement between the NSP and the cardiologist's

reference diagnosis after each diagnostic step is shown in Table 3.

After physical examination, agreement between the NSP and cardiol-

ogist diagnosis was slight, with kappa of 0.253 (95% CI, 0.172-

0.340). After physical examination and ECG, agreement remained

slight, with kappa of 0.256 (95% CI, 0.161-0.345) and no significant

difference in the level of agreement versus the previous assessment

(P = .96). After physical examination, ECG, and FCU, agreement

between the NSP and cardiologist diagnosis increased to moderate,

with kappa of 0.468 (95% CI, 0.376-0.558). The level of agreement

after FCU was significantly increased versus the evaluation based on

physical examination and ECG alone (P = .002). After performing

POC-BNP in addition to the physical examination, ECG, and FCU, agree-

ment remained moderate, with kappa of 0.498 (95% CI, 0.419-0.580).

The level of agreement after POC-BNP was not significantly different

versus the previous step (P = .67).

Agreement between the NSP and cardiologist after each diagnos-

tic step is shown in Figure 2. Focused cardiac ultrasound examiners

correctly diagnosed 121 of 289 (41.9%) cats after physical examina-

tion and 124 of 278 (44.6%) cats after ECG. This number increased to

180 of 289 (62.3%) cats after FCU and remained similar at 180 of

287 (62.7%) cats after POC-BNP. The number of cats in each of the

4 reclassification categories based on the correctness of the before-

versus-after diagnostic test results is shown in Figure 3. The largest

gain in the number of cats in Category I-C occurred after FCU. Spe-

cifically, 79 cats with an incorrect diagnosis before FCU were cor-

rectly diagnosed after FCU, including 35 normal cats, 39 with heart

disease, and 5 equivocal. Twenty-seven cats in Category C-I were

misclassified after FCU, including 13 normal cats, 3 with heart dis-

ease, and 11 equivocal.

After performance of FCU, 88 of 289 (30.4%) cats were judged by

the NSP to have heart disease, including 6 of 6 (100%) cats assessed

as having marked heart disease by the cardiologist, 27 of 29 (93.1%)

cats with moderate heart disease, and 31 of 67 (46.3%) cats with mild

heart disease.

The presence or absence of select physical examination and quali-

tative FCU findings along with the associated level of agreement

between the NSP and the cardiologist in detecting these findings is

shown in Table 4. Heart murmurs were commonly heard in cats with

heart disease as well as in normal cats by both types of examiners.

The detection of arrhythmias on physical examination or ECG was

uncommon. There was moderate agreement between the NSP and

cardiologist regarding the presence of a heart murmur, slight

TABLE 3 Level of agreement (kappa) and 95% confidence
intervals between the NSP and cardiologist diagnosis after sequential
performance of physical examination, ECG, FCU, and POC-BNP

Level of agreement
with cardiologist

Diagnosis by NSP Kappa
Pairwise
difference

1. After physical examination 0.253

(0.172-0.340)

P < .001

n = 288

2. After physical examination

and ECG

0.256 versus 1: P = .96

(0.161-0.345)

P < .001

n = 278

3. After physical examination,

ECG, and FCU

0.468 versus 2: P = .002

(0.376-0.558)

P < .001

n = 289

4. After physical examination,

ECG, FCU, and POC-BNP

0.498 versus 3: P = .67

(0.419-0.580)

P < .001

n = 287

Pairwise P values indicate whether or not kappa was significantly different

between each sequential diagnostic step.

Abbreviations: FCU, focused cardiac ultrasound; NSP, nonspecialist

practitioner; POC-BNP, point-of-care N-terminal pro-B-type natriuretic

peptide assay.

F IGURE 2 Number (blue line and squares, left-hand axis) and
percentage (orange line and triangles, right-hand axis) of cats correctly
diagnosed by the nonspecialist practitioner after each step of the
diagnostic plan, namely after physical examination, after ECG, after
focused cardiac ultrasound (FCU) and after point-of-care N-terminal
pro-B-type natriuretic peptide assay (POC-BNP). The greatest
increase in the number and percentage of cases correctly diagnosed
occurred after FCU
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agreement regarding the presence of a gallop or arrhythmia, and slight

agreement regarding qualitative assessment of left atrial enlargement

or left ventricular hypertrophy found via FCU or echocardiogram.

The factors associated with the likelihood of a NSP achieving a

diagnosis of heart disease after FCU was explored by univariable and

multivariable logistic regression. The NSPs diagnosed heart disease in

26 of 26 (100%) cats they assessed to have atrial enlargement, which

precluded entry of this variable into the exploratory analysis. To

explore the influence of the left heart size and structure on the NSP

diagnosis, cardiologist-derived quantitative echocardiographic data were

included in the analysis, with the exploratory theory that the magnitude

of structural change would impact the NSP assessment. Table 5 displays

F IGURE 3 Number of cats in each of 4 reclassification categories based on whether the nonspecialist practitioner's (NSP's) diagnosis of heart
disease was correct before or after ECG, focused cardiac ultrasound (FCU), or point-of-care N-terminal pro-B-type natriuretic peptide assay
(POC-BNP). The value of performing a diagnostic test lies with either confirming a diagnosis that is already correct (C-C) or changing an incorrect
diagnosis to a correct one (I-C). The negative value of a diagnostic test occurs when an incorrect diagnosis is not corrected (I-I) or a correct diagnosis
is changed as a result of the test to an incorrect one (C-I). After performing ECG, the NSP changed the diagnosis from an incorrect one to correct
one in 21 cats and from a correct to incorrect diagnosis in 17 cats; 102 cats had a correct diagnosis and 137 cats had an incorrect diagnosis both
before and after ECG diagnosis. The NSP then performed FCU, after which the diagnosis was changed from an incorrect one to a correct one in
79 cats and from a correct to incorrect one in 27 cats; 97 cats had a correct diagnosis and 75 cats had an incorrect diagnosis both before and after
FCU diagnosis. After performing POC-BNP, the NSP diagnosis was changed from an incorrect one to a correct one in 24 cats and from a correct to
incorrect diagnosis in 22 cats; 156 cats had a correct diagnosis and 85 cats had an incorrect diagnosis both before and after FCU diagnosis

TABLE 4 Proportion of cats assessed as having selected physical examination or ultrasound findings based on whether the examiner was the
NSP or the cardiologist and the level of agreement (kappa) and 95% confidence intervals between the 2 examiner types across the study cohort

Proportion of cats in reference diagnosis groups
(normal; heart disease; equivocal)

Level of agreement between
NSP and cardiologist

Parameter NSP Cardiologist Kappa (95% CI) P

Heart murmur (Y/N) 61/87; 75/27; 23/16 68/80; 86/16; 22/17 0.583 <.001

(0.485-0.676)

Gallop rhythm (Y/N) 11/137; 8/93; 5/34 5/143; 11/91; 3/36 0.272 <.001

(0.077-0.449)

Arrhythmia-auscultation (Y/N) 8/140; 11/90; 2/36 3/145; 25/77; 0/38 0.309 <.001

(0.124-0.486)

Left atrial enlargement-FCU (Y/N) 6/142; 23/79; 3/36 1/147; 53/49; 7/32 0.333 <.001

(0.205-0.460)

Left ventricular-hypertrophy FCU (Y/N) 33/115; 68/32; 15/24 4/144; 82/20; 12/27 0.375 <.001

(0.269-0.472)

Abbreviations: CI, confidence interval; FCU, focused cardiac ultrasound; NSP, nonspecialist practitioner.
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univariate regressions of 13 different signalment, physical examination,

and echocardiographic variables. Based on these results, 7 variables

were carried into the multivariable model. Following backward selection,

3 variables, including the presence of a murmur, increased inter-

ventricular septum thickness at end-diastole (IVSd), and increased left

atrium to aortic root dimension ratio (LA:Ao), were found to indepen-

dently predict a diagnosis of heart disease by the NSP after FCU.

The presence of a heart murmur increased the likelihood of the NSP

diagnosing heart disease after FCU 11.8 (95% CI, 5.15-27.0; P < .001)

times. For every 0.1 cm increase in the IVSd, the likelihood increased by

3.66 (2.31-5.78; P < .001) times, and for every 0.1 increase in the LA:

Ao, the likelihood of increased by 1.42 (1.19-1.70; P < .001) times.

4 | DISCUSSION

This study reports the utility of FCU performed by NSPs for the

detection of occult heart disease in cats. Focused cardiac ultrasound

performed by trained NSPs resulted in a significant improvement in

agreement with a cardiologist's diagnosis as compared to NSP assess-

ment based on physical examination and ECG alone, especially in cats

with moderate or marked occult heart disease. Early diagnosis of cardiac

disease in cats via FCU could lead to better medical management and

improved veterinary care because certain medications might be helpful in

reducing the risk of congestive heart failure or arterial thromboembolism

and because veterinarians might be better able to assess risk in cats being

treated for other medical conditions.23,39 For example, knowledge of

cardiac status could alter decisions about surgical procedures, anesthetic

protocols, fluid therapy plans, and medication administration.

The results of the present study are in general agreement with

studies investigating the use of FCU as a diagnostic modality in human

patients. Focused cardiac ultrasound is used to screen populations of

young athletes for predisposing factors of sudden death40,41; screen

resource-limited populations for evidence of rheumatic heart disease,

hypertension, or other cardiac abnormalities42,43; and identify cardiac-

related anesthetic risk factors in patients preoperatively.44,45 The

World Interactive Network Focused on Critical UltraSound stated that

FCU used in asymptomatic human populations shows, “promise in

detecting unexpected relevant cardiac abnormalities” and made a

strong recommendation that FCU “is useful in screening human

patients at risk for cardiovascular disease.”29

An important aspect of our study was its ability to assess the

sequential and additive value of various diagnostic tests to the NSP's

evaluation. The study design enabled quantification of the added ben-

efit of each test as opposed to evaluation of each test in isolation.

This approach more closely mimics how a NSP would evaluate cats in

general practice, first by performing physical examination, possibly

followed by an ECG, and then by performing FCU to determine

whether more intensive examination by a cardiologist would be

warranted. Our results are consistent with previous reports that found

physical examination1,2 and ECG7-9 to be unreliable in diagnosing

heart disease in cats. In our study, physical examination alone as well

as physical examination plus ECG performed poorly in detecting

occult disease.

The greatest incremental benefit with regard to diagnostic accuracy

came from performing FCU. The ability of FCU to improve the detec-

tion of heart disease in cats compared with physical examination and

ECG is consistent with what has been shown in human medicine.28,29,46

For example, FCU significantly improves the diagnostic accuracy of

medical students and junior doctors in identification of various abnor-

malities, including the left and right ventricular systolic dysfunction, val-

vular changes, pericardial effusions, and aortic root dilatation when it is

performed after history taking, physical examination, and ECG.46

Agreement between the medical student or junior doctor and the cardi-

ologist significantly increases from moderate (kappa of 0.49 ± 0.22)

after history, physical examination, and ECG to good (kappa of

0.75 ± 0.28) after FCU is performed.46

In the current study, NSP diagnostic accuracy after POC-BNP was

not significantly increased compared with diagnostic accuracy after

FCU. A previous study reported that POC-BNP detected occult car-

diomyopathy in cats with relatively high sensitivity and specificity.15

Future studies might be designed to directly compare the utility of

FCU versus POC-BNP or to investigate the cost-effectiveness of the

available diagnostics, including ECG, POC-BNP, FCU, and traditional

echocardiography. Results could be helpful to identify instances in

which one test might be beneficial over another and to determine the

appropriate cost to the client for performance of FCU by a NSP.

A cost analysis study in human medicine revealed that FCU was

TABLE 5 Univariable logistic regression analysis exploring the
effect of various cat characteristics and diagnostic findings on
whether or not the NSP diagnosed heart disease in asymptomatic cats
after performing focused cardiac ultrasound examination

Odds ratio 95% CI P

Signalment

Age 1.08 1.01-1.15 .02

Weight 0.93 0.76-1.15 .52

Sex (M) 1.31 0.76-2.26 .33

NSP evaluation

Heart murmur (Y) 10.9 5.59-21.2 <.001

Gallop rhythm (Y) 1.32 0.47-3.67 .60

Arrhythmia (Y) 2.20 0.83-5.79 .11

Heart rate (10 bpm) 1.09 0.99-1.19 .07

Respiratory rate (10 bpm) 0.91 0.78-1.08 .28

Cardiologist echocardiogram

LVIDd (0.1 cm) 0.93 0.81-1.06 .27

LVIDs (0.1 cm) 0.95 0.83-1.08 .42

IVSd (0.1 cm) 3.64 2.48-5.33 <.001

LVPWd (0.1 cm) 2.27 1.66-3.09 <.001

LA:Ao (0.1) 1.39 1.21-1.61 <.001

Abbreviations: CI, confidence interval; IVSd, interventricular septum

thickness at end-diastole; LA:Ao, left atrium to aortic root dimension ratio;

LVIDd, left ventricular internal diameter at end-diastole; LVIDs, left

ventricular internal diameter at end-systole; LVPWd, left ventricular

posterior wall thickness at end-diastole; NSP, nonspecialist practitioner.
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the most cost-effective strategy for identifying occult left ventricular

dysfunction in human patients with abnormal ECGs or natriuretic

peptide levels.47

Diagnostic tests are 2-edged swords: benefit lies in an incorrect

diagnosis before a test being corrected after the test (ie, reclassification

category I-C), while potential harm lies in a correct diagnosis being

erroneously changed to an incorrect diagnosis after the test (ie,

reclassification category C-I). Therefore, despite the ability of FCU

to increase the number of cats that NSPs correctly identify with

heart disease and correctly identify as not having heart disease, it is

important to evaluate the effect of erroneously changing a correct

diagnosis and the potential effects on medical care. In the present

study, 3 cats previously diagnosed correctly were misclassified as

not having heart disease by the NSP after FCU. All 3 cats were

assessed as having mild heart disease by the cardiologist. Thus, it

seems unlikely that misclassification of these 3 cats would lead to a

significant change in case management. Thirteen cats were mis-

classified as having heart disease by the NSP after FCU. In these

cats, suspicion of heart disease when heart disease is not present

could result in unnecessary referral costs and delayed or canceled

procedures or treatments. These cases highlight the fact that FCU is

not a substitute for further evaluation by a specialist. A key premise

of FCU is that it will facilitate “subsequent referral for an echocardio-

graphic study [that] will delineate and measure all findings … which

may go unrecognized by FCU.”28

In the present study, agreement between the NSP and the cardiol-

ogist regarding the diagnosis of heart disease after FCU significantly

improved despite a level of agreement for individual echocardio-

graphic variables, such as the presence of left atrial enlargement or

left ventricular hypertrophy, which was less than in studies of human

patients.48-56 These results suggest that the NSPs in our study consid-

ered a variety of different variables, both FCU and non-FCU based, in

making their diagnosis. Indeed, our exploratory analysis indicated that

the 3 most influential variables leading NSPs to diagnose heart disease

included the presence or absence of a heart murmur as well as the left

atrial size and thickness of the interventricular septum. In our study,

NSPs were relatively good at identifying cats with severe wall thicken-

ing but were not consistently able to identify cats with mild wall thick-

ening. Therefore, some cats with mild heart disease will be missed by

FCU. Although a full echocardiogram is recommended for cats with

findings that are questionable or suggestive of heart disease, not all

cats will receive follow-up with a cardiologist due to logistical or

financial limitations. The usefulness of serial FCUs to monitor cats for

progression into the moderate or marked stage of disease could be

considered an area for future study.

In many respects, the current study evaluated the effectiveness

(as opposed to the efficacy) of FCU-based detection of occult heart

disease in cats. In general, efficacy refers to the utility of an interven-

tion under ideal circumstances, whereas effectiveness refers to the

utility under less than ideal (ie, “real-world”) circumstances.57 Impor-

tant “real-world” aspects of the current study involved training of per-

sonnel that had little or no experience with cardiac ultrasonography.

Practitioners in general practice were particularly recruited, as this is

the population of veterinarians most likely to perform FCU-based

screening for occult heart disease. NSPs performed FCU using ultra-

sound machines that existed in their practices, the vast majority of

which were small portable general-purpose machines. Cats can be diffi-

cult to restrain, and the study found that FCU could not be performed

on 15.7% of the enrolled cases due to either fractious temperament or

inability of the NSP to obtain images suitable for interpretation. Despite

these less-than-ideal conditions, FCU improved the detection of occult

disease. Studies in human medicine suggest that FCU improves the

accuracy of clinical diagnosis regardless of whether or not the person

performing the examination has extensive experience with ultrasound

imaging.29,46,52,54 Further study might investigate whether alternate

training methods or more experience can lower the rate of inadequate

FCU examinations or improve the diagnostic accuracy of FCU in cats.

Our study had several limitations. Diagnosing mild forms of heart

disease in cats is difficult due to substantial overlap between pathol-

ogy and normal physiology, especially in geriatric cats.5,22,24,58 Echo-

cardiography is the clinical norm for antemortem diagnosis and is

commonly used as the gold standard in clinical studies.39 Future stud-

ies could consider using a panel of cardiologists to achieve a consen-

sus diagnosis. In the current study, physical examination by the

attending cardiologist was considered an important piece of the even-

tual diagnosis, and examination of each cat by multiple cardiologists

was not feasible. The clinical utility of FCU demonstrated in the pre-

sent study is only applicable to cats with a previously performed phys-

ical examination and ECG. As previously mentioned, our study cannot

determine the performance of the diagnostic tests done in a different

order. It is unknown whether FCU would improve detection if POC-

BNP had been done before and not after FCU. Certain diagnostic

tests, including thoracic radiographs, blood pressure, genetic testing,

and thyroid measurement, were not evaluated by this study, and how

the performance of these tests before FCU would affect NSP agree-

ment with cardiologist diagnosis requires further study. Various inherent

aspects of the FCU itself were not evaluated. Further study might inves-

tigate differences in ultrasound devices, quality of FCU attributable to

cat weight, body condition, restraint, or other physical factors, alternate

FCU training protocols, NSP experience, and cost-effectiveness of FCU

compared to standard practice. Finally, the effect of FCU detection of

occult disease on future morbidity and mortality in individual cats is an

important aspect that warrants further study.

In conclusion, FCU performed by NSPs significantly increased the

differentiation of cats with occult heart disease that had previously

received physical examination and ECG. A high proportion of cats

diagnosed with moderate to marked occult disease were detected by

FCU. Focused cardiac ultrasound performed by NSPs is a practicable

and helpful diagnostic tool, and further study of FCU is warranted.
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