
ECHOCARDIOGRAPHIC REFERENCE VALUES IN WHIPPETS
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The aim of the study was to establish reference echocardiographic values for whippets, to compare these values

with previously published reference values for the general dog population, and to determine whether there is an

influence of gender and breeding lines on echocardiographic measurements. Echocardiographic parameters from

105 apparently healthy whippets without cardiac symptoms were used to establish reference values for the breed

and to compare these values with two previously reported reference ranges. The coefficients of the allometric

equation Y¼ aMb
, useful to reconstruct normal M-mode and two-dimensional average values for whippets of

varying weights, were calculated, as well as the lower and upper limits of the 95% prediction interval. First, we

found that whippets have a significantly larger left ventricular diameter, increased left ventricular wall, and

interventricular septum thickness than expected, in diastole as well as in systole. Fractional shortening was

significantly lower than the reference value. Second, comparing males and females, taking body weight dif-

ferences into account, females had a significantly larger left ventricular diameter in diastole and systole. Minor

differences were found between racing and show pedigree dogs. In conclusion, the results of this study confirm

that breed-specific reference values are needed in echocardiography. In whippets, the values found in this study

can be used as references in order to avoid overinterpretation of cardiac dilation, hypertrophy, and/or decreased

contractility in these dogs. Veterinary Radiology & Ultrasound, Vol. 48, No. 3, 2007, pp 230–238.
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Introduction

REFERENCE ECHOCARDIOGRAPHIC values for healthy dogs

have been published.1–8 However, due to the large

variation in canine size and somatotypic conformation,

reference ranges are very broad, limiting their clinical use-

fulness. Therefore, some breed-specific reference values

have been defined.9–15 For example, sight hounds have a

higher heart weight to body weight (BW) ratio compared

with other breeds due to left ventricular dilation and my-

ocardial thickening.16–20 Whippets have also been reported

to have a larger vertebral heart size on thoracic radio-

graphs.21,22 Although whippets comprise a small fraction

of canine patients, they may be examined for inadequate

race performance. The aim of this study was to establish

reference echocardiographic values for whippets, to com-

pare these values with published reference values for the

general dog population, and to determine whether there

is an influence of gender, breeding lines, and training on

echocardiographic measurements.

Materials and Methods

Dogs

Privately owned whippets, n¼ 125, were recruited

through contacts with breeders and owners. All dogs

underwent physical and cardiologic examinations. Clinico-

pathologic assessment was also carried out and included

conventional hematology and quantification of serum urea,

creatinine, total protein, aspartic aminotransferase (AST),

alanine aminotransferase (ALT), alkaline phosphatase,

and glucose. Dogs o10 months of age or with cardiac

abnormalities (moderate to severe mitral regurgitation) or

dogs with incomplete data for M-mode or two-dimensional

(2D) echocardiography were excluded. Lower age limit was

set at 10 months as this is the age at which whippets are

fully grown, according to the breeders and owners who

regularly measure shoulder height to subscribe in the ap-

propriate racing class. One-hundred and five whippets

(51 males and 54 females), aged between 10 and 169 months

(59.7 � 39.3 months; mean � standard deviation), weigh-

ing between 9.3 and 17.2 kg (13.2 � 2.1 kg) were studied.

Dogs were recruited from racing pedigree lines (n¼ 89),

from show pedigree lines (n¼ 10), or were crosses between

racing and show pedigree lines (n¼ 6). From the racing

pedigree dogs, six dogs were not in training, 62 dogs were

trained for sight hound races during 30.9 � 22.8 months
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(range 2–78 months), and 21 completed training for

31.9� 21.1 months (range 7–80 months). The number of

nontrained dogs was too small for comparison between

trained and nontrained racing pedigree dogs, hence this

influence was not evaluated.

Echocardiographic Measurements

The unsedated whippets were consecutively positioned in

right and left recumbency (the former for right parasternal

M-mode and 2D measurements and the Doppler study of

the pulmonic valve; the latter for the Doppler study of the

aortic, mitral, and tricuspid valve). All echocardiographic

studies were performed by the first author using a Vingmed

CFM 800 unit� with a 5MHz mechanical sector transducer

with color and spectral Doppler capabilities. All echocar-

diographic measurements were made in accordance with

the guidelines of the American Society of Echocardiogra-

phy using the leading-edge to leading-edge method of

measurement. For all M-mode and 2D measurements, a

lead II electrocardiogram was recorded simultaneously,

and three representative cycles were measured and aver-

aged, together with the respective heart rate.

The following parameters were obtained from 2D views:

aortic root diameter (Ao) and left atrial diameter (LA)

from right parasternal short-axis view and LA from right

parasternal long-axis four-chamber view. From right para-

sternal short-axis M-mode view at the chordae level,

interventricular septal thickness (IVS), left ventricular

internal diameter (LVD), and left ventricular wall thick-

ness (LVW) in diastole (d) and systole (s) as well as E-point

to septum separation (EPSS) were obtained. Aortic

preejection period (PEP) and left ventricular ejection time

(LVET) were obtained from the right parasternal long-axis

five-chamber view. Peak velocities for pulmonary and aor-

tic flow (VPulm and VAo, respectively) were measured

from spectral Doppler echocardiography, as well as from

mitral and tricuspid E- and A-peak velocities (MitrE, Mit-

rA, TricE, and TricA, respectively). VPulm was obtained

from the right parasternal short-axis view of the right ven-

tricular outflow tract at the aortic valve level with the

sample gate positioned in the pulmonary artery just distal

to the pulmonic valve; VAo was obtained from the left

parasternal apical five-chamber view with the sample gate

positioned in the ascending aorta just distal to the aortic

valve and sinus of Valsalva. Mitral inflow velocities were

obtained from the left parasternal apical four-chamber

view with the sample gate positioned at the tips of the

mitral valve leaflets when they are wide open; tricuspid

inflow velocities were obtained from left parasternal view

between the apical four-chamber and transverse view to

optimize the view on tricuspid valve opening, with the

sample gate positioned at the tips of the tricuspid valve

leaflets when they are wide open. No angle corrections

were needed as parallel alignment of the Doppler gate was

possible in all dogs. Regurgitations through each of these

four valves were subjectively quantified from color Doppler

profiles. Aortic and pulmonic valve regurgitations were

evaluated from the above-described views for spectral Dop-

pler measurements. Mitral and tricuspid valve regurgita-

tions were evaluated from the above-described views for

spectral Doppler measurements as well as from the right

parasternal long-axis four-chamber view. The largest re-

gurgitant jet was withheld. Mitral valve regurgitations for

example were quantified as trivial regurgitations (jets not

extending more than 1 cm past the mitral valve annulus),

mild regurgitations (jets occupying o20% of the atrium),

moderate regurgitations (jets occupying 20–50% of the at-

rium), and severe regurgitations (jets occupying more than

50% of the atrium).23 Cardiac output (CO) was measured

from the aortic flow profiles with Doppler envelope tracing,

with CO (l/min)¼ 6p(Ao/2)2Vmean with Ao in cm from the

right parasternal short-axis view and Vmean in m/s.

The following parameters were calculated: LA/Ao,

PEP/LVET, fractional shortening FS%¼ [(LVDd–LVDs)/

LVDd]100, left ventricular ejection fraction LVEF%¼
[(LVDd3–LVDs3)/LVDd3]100. End systolic volume index

(ESVI) was calculated according to the corrected Teichholz

formula: ESVI (ml/m2)¼ (7LVDs3)/[(2.4þLVDs)BSA],

with LVDs in cm and BSA in m2.24 Velocity of circum-

ferential fiber shortening (VcF) was calculated as VcF (cm/

s)¼ (LVDd–LVDs)/(LVDd � LVET) with LVDd and

LVDs in cm and LVET in s. Stroke volume (SV) was cal-

culated as SV (ml/beat)¼ (CO/HR)1000. Body surface

area (BSA) was calculated as BSA (m2)¼ (10.1BW2/3)/104,

with BW expressed in g.25

The whippet echocardiographic measurements were

compared with the expected values for the general popu-

lation previously reported.1,3

Data Analysis

First, a paired Student’s t-test was used to evaluate

whether the observed M-mode measurements (IVS, LVD,

LVW, and EPSS), parameters of function (FS, PEP,

LVET, PEP/LVET, VcF), and heart rate (HR) differed

significantly from the reference values.1,3

Linear regression analyses were performed after loga-

rithmic transformation of the data. The coefficients of the

allometric equation Y¼ aMb as well as the lower and up-

per limits of the 95% prediction interval were calculated

for each of the BW-dependent M-mode and 2D measure-

ments as described previously.3 In this equation, ‘‘Y’’ rep-

resents a measure of heart size, ‘‘M’’ is BW, and ‘‘a’’ and

‘‘b’’ are parameters. Finally, Bland–Altman plots were

made for the observed and expected LVWd.�GE Medical Systems, Horten, Norway.
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Second, the percentage of dogs that fell out of the ref-

erence ranges was determined. This percentage was further

subdivided in dogs that fell below and above the reference

range.

Finally, males were compared with females and racing

pedigree dogs were compared with show pedigree dogs us-

ing analysis of variance, both in a univariate model and in

a multivariate model with weight, age, and regurgitation as

covariates. The difference in the occurrence of mitral valve

regurgitations between racing and show pedigree lines was

compared by the w2-test. All analyses were carried out at

the 5% significance level.

Results

Comparison of Observed Echocardiographic
Measurements to Previously Reported Reference Values

Mean BW, HR, M-mode, and 2D measurements of all

dogs are presented in Table 1. Functional parameters are

presented in Table 2, and Doppler-derived parameters are

presented in Table 3.

The coefficients of the allometric equation Y¼ aMb were

calculated for each of the BW-dependent M-mode and 2D

measurements (see Table 4). These coefficients can be used

to reconstruct normal M-mode and 2D average values for

whippets of varying weights. For example, the LVDd for a

10kg whippet can be calculated as LVDd¼ 16.212�
100.323¼ 34.1mm. These M-mode and 2D average values

together with their 95% prediction interval are shown in

Table 5. The slope of the regression line ‘‘b’’ is similar to

what was previously reported,3 although the dogs in our

study only represent a narrow range in body weight.

Out of 105 dogs, no dog had aortic regurgitation and 36

(34.3%) had pulmonic regurgitation, which was mild in

one and trivial in 35. Forty-five dogs (42.9%) had mitral

regurgitation, which was mild in 12 and trivial in 33. Fi-

nally, 29 dogs (27.6%) had tricuspid regurgitation, which

was mild in four and trivial in 25. Thirteen of 105 dogs had

slight mitral valve thickening (only the central part of the

septal leaflet) without any degree of prolapse. Seven of

these 13 dogs (53.8%) had trivial regurgitation, whereas six

(46.2%) had mild regurgitation. This means that six dogs

with mild mitral regurgitation had no remarkable changes

to their mitral valve. Only three of the 12 dogs with mild

mitral regurgitation had a systolic murmur with point of

maximal intensity at the level of the mitral valve, one with

a grade two/six murmur and two with a grade three/six

murmur. The 12 dogs with mild mitral regurgitation were

all previously trained and/or racing dogs from racing pedi-

gree lines, except for one dog out of crossed racing and

show pedigree lines, between 5 and 14 years old (64, 78, 86,

86, 87, 88, 99, 107, 123, 124, 140, and 169 months old). The

mitral valve thickening in these dogs occurred in the dogs

of 64, 86, 107, 123, 140, and 169 months of age.

Compared with published regression equations, adjust-

ment based on BSA,1 the whippet values for IVS in diastole

and LVD and LVW in diastole and systole were signifi-

cantly higher (Po0.0001), as was EPSS (P¼ 0.0003). On

Table 1. Body Weight, Body Surface Area, Heart Rate, M-Mode and
Two Dimensional (2D) Measurements in 105 Whippets

Mean SD Mean � 2 SD Range

Body weight (kg) 13.2 2.1 9.0–17.4 9.3–17.2
Body surface area (m2) 0.56 0.06 0.44–0.68 0.45–0.68
Heart rate (bpm) 93.9 22.7 48.5–139.3 54.0–158.0
M-mode (mm)

IVSd 9.4 1.2 7.0–11.8 7.1–12.9
LVDd 37.3 3.8 29.7–44.8 25.7–47.5
LVWd 8.8 1.1 6.6–10.9 6.4–11.5
IVSs 12.0 1.5 9.0–15.1 9.0–15.5
LVDs 26.9 3.6 19.8–34.1 17.0–36.1
LVWs 12.4 1.5 9.3–15.4 8.6–17.2
EPSS 4.2 1.4 1.4–7.1 0.4–9.2

2D
Ao(sa) (mm) 19.0 1.7 15.7–22.3 14.8–24.0
LA(sa) (mm) 26.5 3.2 20.2–32.8 18.4–33.7
LA/Ao 1.4 0.1 1.1–1.7 1.1–1.7
LA(la) (mm) 32.0 2.8 26.5–37.6 23.5–38.7

M-mode measurements: IVSd, interventricular septal thickness in dia-

stole; LVDd, left ventricular internal diameter in diastole; LVWd, left

ventricular wall thickness in diastole; IVSs, interventricular septal thick-

ness in systole; LVDs, left ventricular internal diameter in systole;

LVWs, left ventricular wall thickness in systole; EPSS, E-point to sep-

tum separation.2D measurements: Ao(sa), aortic root diameter from

short-axis view; LA(sa), left atrial diameter from short-axis view;

LA(la), left atrial diameter from long-axis view.

Table 2. Functional Parameters in 105 Whippets

Mean SD Mean � 2SD Range

FS (%) 27.7 5.2 17.4–38.1 18.1–39.2
LVEF (%) 61.3 8.1 45.1–77.5 44.7–77.3
ESVI (ml/m2) 48.9 13.9 21.1–76.6 18.5–83.6
PEP (ms) 51.9 9.7 32.5–71.3 35.0–85.0
LVET (ms) 167.2 22.1 123.0–211.4 125.0–255.0
PEP/LVET 0.314 0.059 0.196–0.432 0.159–0.457
VcF (circ/s) 1.69 0.39 0.91–2.47 0.98–3.05

FS, fractional shortening; LVEF, left ventricular ejection fraction;

ESVI, end systolic volume index; PEP, aortic preejection period; LVET,

left ventricular ejection time; VcF, velocity of circumferential fiber

shortening.

Table 3. Doppler Derived Parameters in Whippets

N Mean SD Mean � 2 SD Range

Aortic velocity (m/s) 105 1.39 0.25 0.90–1.89 0.78–2.13
Pulmonic velocity (m/s) 105 1.14 0.22 0.69–1.59 0.61–1.81
Mitral E (m/s) 105 0.77 0.13 0.51–1.02 0.48–1.08
Mitral A (m/s) 105 0.50 0.09 0.33–0.68 0.30–0.80
Tricuspid E (m/s) 105 0.75 0.15 0.45–1.05 0.45–1.52
Tricuspid A (m/s) 105 0.49 0.11 0.26–0.71 0.25–1.01
Cardiac output (l/min) 90 4.8 1.3 2.2–7.3 1.9–7.7
Stroke volume (ml/beat) 90 49.2 11.0 27.2–71.3 24.2–74.7
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the other hand, IVSs, FS, PEP, LVET, and VcF were sig-

nificantly lower than the reference values (Po0.0001). No

significant difference was noted for PEP/LVET and HR

compared with published values,1 although there is a ten-

dency for whippets to have a lower HR than expected. For

most parameters, a marked percentage of whippet values

fell out of the reference range (see Table 6).1

Compared with the allometric equations,3 the whippet

values for IVS, LVD, and LVW in diastole and systole

were significantly higher than those expected (Po0.0001),

and none of these values fell below the reference range.3

The percentage of values that fell above the reference range

predicted by the allometric equations, however, is for most

parameters smaller than the percentage obtained from the

regression equations based on BSA (see Fig. 1).1,3

The Bland–Altman plots clearly show that the discrep-

ancy between the observed and expected LVWd increases

with increasing body surface area1 or with increasing

weight3 (see Fig. 2).

Finally, comparing the whippet ESVI to the maximum

value of 30ml/m2,26 96 dogs (91.4%) had a higher value,

and only nine dogs (8.6%) had a value below this max-

imum value.

Comparison Between Male and Female Dogs

In the univariate model, in the female dogs, a signifi-

cantly lower value was observed for IVS and LVW in dia-

stole and systole, Ao, LA(sa), LA(la), PEP/LVET, VPulm,

TricE, CO, and SV (Po0.05). However, there was also a

statistically significant difference in BW, males weighing on

Table 4. Coefficients of the Allometric Equation Y¼ aMb for Each of the
Body Weight-Dependent M-mode or Two-Dimensional (2D) Measure-

ments

a b

IVSd 3.770 0.352
LVDd 16.212 0.323
LVWd 3.490 0.355
IVSs 5.383 0.311
LVDs 9.819 0.390
LVWs 5.239 0.332
Ao (sa) 9.278 0.277
LA (sa) 11.017 0.339
LA (la) 14.241 0.314

M-mode measurements: IVSd, interventricular septal thickness in dia-

stole; LVDd, left ventricular internal diameter in diastole; LVWd, left

ventricular wall thickness in diastole; IVSs, interventricular septal thick-

ness in systole; LVDs, left ventricular internal diameter in systole;

LVWs, left ventricular wall thickness in systole; EPSS, E-point to sep-

tum separation. 2D measurements: Ao(sa), aortic root diameter from

short-axis view; LA(sa), left atrial diameter from short-axis view;

LA(la), left atrial diameter from long-axis view.

Table 5. Reconstruction of Normal M-mode and Two Dimensional (2D) Average Values and 95% Prediction Intervals for Whippets of Varying Weights

BW IVSd LVDd LVWd IVSs LVDs LVWs AO LA (sa) LA (la)

7.0 7.5 30.4 7.0 9.8 21.0 10.0 15.9 21.3 26.2
5.9–9.5 25.2–36.5 5.6–8.7 7.7–12.5 16.3–27.0 7.9–12.6 13.6–18.6 17.0–26.7 22.6–30.5

8.0 7.8 31.7 7.3 10.3 22.1 10.4 16.5 22.3 27.4
6.2–9.9 26.4–38.1 5.8–9.1 8.1–13.0 17.2–28.4 8.3–13.2 14.2–19.3 17.9–27.9 23.6–31.8

9.0 8.2 32.9 7.6 10.6 23.1 10.9 17.1 23.2 28.4
6.5–10.3 27.5–39.5 6.1–9.5 8.4–13.5 18.0–29.7 8.6–13.7 14.7–19.9 18.6–28.9 24.5–33.0

10.0 8.5 34.1 7.9 11.0 24.1 11.2 17.6 24.1 29.4
6.7–10.7 28.5–40.8 6.3–9.9 8.7–13.9 18.8–30.9 8.9–14.1 15.1–20.4 19.3–29.9 25.3–34.0

11.0 8.8 35.1 8.2 11.3 25.0 11.6 18.0 24.8 30.3
7.0–11.0 29.4–42.0 6.6–10.2 9.0–14.3 19.6–32.0 9.2–14.6 15.5–21.0 20.0–30.8 26.1–35.0

12.0 9.0 36.1 8.4 11.6 25.9 11.9 18.5 25.6 31.1
7.2–11.4 30.3–43.2 6.8–10.5 9.2–14.7 20.3–33.0 9.5–15.0 15.9–21.5 20.6–31.8 26.9–36.0

13.0 9.3 37.1 8.7 11.9 26.7 12.3 18.9 26.3 31.9
7.4–11.7 31.0–44.3 7.0–10.8 9.5–15.0 20.9–34.1 9.8–15.4 16.3–21.9 21.2–32.6 27.6–36.9

14.0 9.5 38.0 8.9 12.2 27.5 12.6 19.3 27.0 32.6
7.6–12.0 31.8–45.4 7.2–11.1 9.7–15.4 21.5–35.1 10.0–15.8 16.6–22.4 21.7–33.5 28.2–37.8

15.0 9.8 38.8 9.1 12.5 28.2 12.9 19.7 27.6 33.3
7.8–12.3 32.5–46.4 7.3–11.4 9.9–15.7 22.1–36.1 10.2–16.1 16.9–22.8 22.2–34.3 28.8–38.6

16.0 10.0 39.6 9.3 12.7 28.9 13.1 20.0 28.2 34.0
7.9–12.6 33.2–47.4 7.5–11.6 10.1–16.1 22.6–37.0 10.5–16.5 17.2–23.3 22.7–35.1 29.4–39.4

17.0 10.2 40.4 9.6 13.0 29.6 13.4 20.4 28.8 34.7
8.1–12.9 33.8–48.4 7.7–11.9 10.3–16.4 23.1–38.0 10.6–16.9 17.5–23.7 23.1–35.9 29.9–40.2

18.0 10.4 41.2 9.7 13.2 30.3 13.7 20.7 29.4 35.3
8.2–13.2 34.3–49.4 7.8–12.2 10.4–16.7 23.6–38.9 10.8–17.2 17.8–24.1 23.5–36.7 30.4–41.0

19.0 10.6 41.9 9.9 13.4 31.0 13.9 21.0 29.9 35.9
8.4–13.5 34.9–50.4 7.9–12.5 10.6–17.1 24.0–39.9 11.0–17.6 18.0–24.5 23.9–37.4 30.9–41.8

BW, body weight in kg. M-mode measurements (in mm): IVSd, interventricular septal thickness in diastole; LVDd, left ventricular internal diameter in

diastole; LVWd, left ventricular wall thickness in diastole; IVSs, interventricular septal thickness in systole; LVDs, left ventricular internal diameter in

systole; LVWs, left ventricular wall thickness in systole.2D measurements (in mm): Ao(sa), aortic root diameter from short-axis view; LA(sa), left

atrial diameter from short-axis view; LA(la), left atrial diameter from long-axis view.
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average 14.5� 1.8 kg (range 9.6–17.2 kg) and females

11.9� 1.5 kg (range 9.3–14.7 kg). In the multivariate mod-

el with weight, age, and regurgitation as covariates, females

had a significantly larger LVD in diastole and systole

(P¼ 0.0054 and 0.0188, respectively), a significantly higher

EPSS (P¼ 0.0204), LVET (P¼ 0.0367), ESVI (P¼ 0.0227),

and VPulm (P¼ 0.0258) and a significantly lower VcF

(P¼ 0.0469), with no significant difference any longer for

CO and SV.

Comparison Between Racing and Show Pedigree Lines

Eighty-nine dogs (43 males and 46 females) came out of

racing pedigree lines, and 10 dogs (four males and six fe-

males) came out of show pedigree lines. Six dogs came out

of crosses between these two pedigree lines and were

excluded from this analysis. The mean age and weight of

the racing pedigree dogs was 59.9 � 39.0 months and

13.2� 2.1 kg. The mean age and weight of the show pedi-

gree dogs was 58.8� 44.3 months and 13.5 � 2.3 kg. In

racing pedigree dogs, 43 dogs (48.3%) had mitral regur-

gitation, which was mild in 11 and trivial in 32. In show

pedigree dogs, in contrast, only one previously trained dog

(10%) had mitral regurgitation, which was trivial. The oc-

currence of mitral regurgitations was significantly higher in

racing pedigree dogs compared with show pedigree dogs

(P¼ 0.033).

In the univariate model, only LA(sa) and MitrE were

significantly different, LA(sa) being significantly larger in

racing pedigree dogs (P¼ 0.022) and MitrE being signif-

Table 6. Percentage of Whippet Values Below and Above Published
Reference Ranges

Boon Cornell

% Below % Above % Below % Above

IVSd 0.0 53.3 0.0 10.5
LVDd 1.0 61.9 0.0 27.6
LVWd 0.0 97.1 0.0 1.9
IVSs 25.7 8.6 0.0 2.9
LVDs 0.0 89.5 0.0 35.2
LVWs 0.9 72.4 0.0 0.9
EPSS 0.0 1.9
HR 0.0 2.9
FS 84.8 0.0
PEP 0.0 0.0
LVET 33.3 9.6
PEP/LVET 0.0 0.0
VcF 21.9 1.0

M-mode measurements: IVSd, interventricular septal thickness in dia-

stole; LVDd, left ventricular internal diameter in diastole; LVWd, left

ventricular wall thickness in diastole; IVSs, interventricular septal thick-

ness in systole; LVDs, left ventricular internal diameter in systole;

LVWs, left ventricular wall thickness in systole; EPSS, E-point to sep-

tum separation; HR, heart rate; FS, fractional shortening; PEP, aortic

preejection period; LVET, left ventricular ejection time; VcF, velocity of

circumferential fiber shortening.
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Fig. 1. Comparison of whippet left ventricular wall thickness in diastole (LVWd) observed values to previously published reference ranges. Data in the left
panel are from reference #1 and in the right panel from reference #3. Individual values for the LVWd of the 105 whippets in this study (dots) are compared with
the regression line and 95% confidence interval of LVWd according to reference #1 (left panel) and to the regression line and 95% prediction interval of LVWd
according to reference #3 (right panel).
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icantly lower in racing pedigree dogs (P¼ 0.0041). There

was also a tendency for Ao and LVET to be higher in

racing pedigree dogs (P¼ 0.068 and 0.081, respectively). In

the multivariate model with weight, age, and regurgitation

as covariates, LVDd (P¼ 0.0159), Ao (P¼ 0.0063), LA(sa)

(P¼ 0.0067), and LVET (P¼ 0.0263) were significantly

higher in racing pedigree dogs, and MitrE was significantly

lower in racing pedigree dogs (P¼ 0.0036). There was a

tendency for LA(la), LA/Ao, and EPSS to be higher in

racing pedigree dogs (P¼ 0.0989, 0.0575, and 0.0895, re-

spectively).

Discussion

Several reference ranges for echocardiographic measure-

ments in dogs are adjusted for BW, BSA, or other size

measurements.1–4,6,7 Often, these reference ranges are

based on various breeds of dogs as well as on mongrels,

over a large weight range. However, breed, in addition to

weight, is an important factor in the determination of nor-

mal M-mode variables, but only few articles describe ref-

erence ranges for a specific breed of dog.9–13,15 Two

reference ranges were used for comparison with the whip-

pet values obtained in this study, the regression equations

based on BSA1 and allometric equations.3

Comparison of Observed Echocardiographic
Measurements to Previously Reported Reference Values

Reference regression equations are based on 20 dogs

(eight males and 12 females), weighing between 9.8 and

28.6kg (mean 19.3kg); the breeds included were one terrier

cross, one English setter, one English springer, three

doberman crosses, three dingo crosses, one beagle, four

German shepherd crosses, three golden retrievers, one

dalmatian, and two of unknown mixes.1 Reference allo-

metric equations are based on retrospectively collected data

from 494 dogs, weighing between 2.2 and 95.0 kg, com-

prising 33 dachshunds, 57 Cavalier King Charles spaniels,

20 Italian greyhounds, 12 English cocker spaniels, 20

whippets, 20 greyhounds, 75 boxers, 144 Irish wolfhounds,

and 113 dogs of mixed or unknown breeds. These dogs

were examined by nine investigators.3

Compared with reference values for dogs of the same

weight range, the whippets in our study had a larger LVD,

a thicker LVW and IVS, and a higher EPSS.1,3 These

findings are in agreement with previous studies describing a

larger heart weight to BW ratio in other sight hounds such

as greyhounds. However, some authors only found a con-

sistently thicker LVW in systole and diastole,13 while oth-

ers also found increased LVD and IVS.9,14 Heart rate did

not differ significantly from the published reference value,1
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Fig. 2. Bland–Altman plots of whippet left ventricular wall thickness in diastole (LVWd) observed values compared with expected values from reference #1
(left panel) and reference #3 (right panel). Dotted lines represent the mean difference between the observed LVWd and the LVWd given by reference #1, Boon
et al., (left panel)/reference #2, Cornell et al., (right panel). Dashed lines in the left panel represent the 95% confidence interval of the difference between the
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so this cannot explain the larger LVD.5,27 The values ob-

tained for the whippets in this study correlate very well

with other values in whippets, although dogs in the other

study were sedated.9

There was a remarkable difference in the percentage of

whippet values that fell out (below or above) of the ref-

erence ranges (see Table 6, Figs. 1 and 2).1,3 The reference

range predicted by the allometric equations3 is much

broader and the expected value for a given BW is higher

due to several factors. First, that paper describes the 95%

prediction interval for individual observations, which is

broader than the 95% confidence interval for the mean

value of an M-mode variable for all dogs of a particular

weight. Second, an obvious source of variability in the

prior study is the diverse source of data, which were col-

lected by many different observers using different equip-

ments in different environments. Finally, the sample group

in the prior study contained 204 sight hounds (20 grey-

hounds, 20 whippets, 20 Italian greyhounds, and 144 Irish

wolfhounds) out of 494 dogs (41%), in contrast to the

regression equation study where no sight hounds were

included.1 This could have influenced the values toward

higher means. Nevertheless, it seems that the whippet

values in our study are even higher, which can be due to the

fact that our population is a 100% sight hound population.

It was however not determined how well the allometric

equations would predict M-mode dimensions in animals

that differ substantially from the sample group, and as

observed for our data, it cannot be extrapolated to all

breeds of dogs.3

There has been debate whether the higher heart weight

to BW ratio in sight hounds or other working dogs is an

influence of training, a genetic influence, or both. In hu-

mans, a distinction is made between the effects on the heart

of isometric (resistance) vs. isotonic (endurance) training,

the former inducing a concentric hypertrophy with a thick-

er LVW and IVS without LV dilation, and the latter in-

ducing an eccentric hypertrophy with LV dilation and a

proportional increase in LVW and IVS thickness.28–34

Many athletic endeavors, as well as the whippet training,

are a combination of isometric and isotonic work, and thus

may produce a combination of both morphologic pat-

terns.28–34 Several articles describe various influences of

training on the canine heart. The most consistent finding

throughout different studies is a higher heart weight to BW

ratio in trained dogs as compared with nontrained control

dogs of the same breed or BW range. This could in part be

due to a 50% thicker LVW in these trained grey-

hounds.35,36 Others reported a 30% higher LV weight

to BW ratio in trained compared with control mongrel

dogs,37 which is similar to another study reporting that the

exercise program resulted in an elevation in LV weight and

LVW thickness, and a significantly lower HR at rest and at

submaximal work loads in trained mongrel dogs.35

In contrast to the previous references, several articles

report no significant difference in LVW thickness, LV

mass, or heart weight to BW ratio between trained, de-

trained, and control greyhounds, although all variables

were significantly higher in all groups compared with mon-

grel dogs of comparable BW.16–19 This suggests that LV

hypertrophy in racing greyhounds reflects a genetic trait

rather than a response to training. Moreover, the exercise

component may be too small and the individual variability

too great to show difference by comparing small groups of

different animals.16–19 In addition, no significant difference

in LV mass was found between the exercise and sedentary

group of beagles.38

It should be emphasized that two articles reviewing pre-

vious results of research on exercise-induced cardiac hyper-

trophy reveal that a number of problems associated with

the measurement techniques and methodology cast some

doubt on the validity of the conclusions that both animal

and human research has provided a strong argument in

favor of a physiological cardiac hypertrophy as an out-

come of chronic exercise.39,40

Another possible influence of training on the heart is LV

dilation. One study on greyhounds reported significantly

larger echocardiographic parameters for trained compared

with nontrained greyhounds,41 while another reported an

LVD dilation of approximately 30% in hearts of trained

greyhounds compared with normal dogs of similar

BW.35,36 Another study supports this finding, reporting a

significant increase in ventricular volume between the ex-

ercise and sedentary group of beagles.38 In these beagles,

no significant difference in resting HR between the exer-

cised and the sedentary beagles was found.38 In contrast,

lowering of the HR at rest and during standard work load

was reported by several authors.35,42,43 This lowering of the

HR might explain the larger LVD for trained dogs in sev-

eral studies, as it has been previously described that cycle

length had a significant influence on LVD in clinically

normal dogs, in a way that, as cycle length increases (and

thus HR decreases), LVD increases.5,27

The fractional shortening, PEP, LVET, and VcF were

significantly lower in our whippets compared with refer-

ence values.1 In our study, mean FS was 27.7% (range

18.1–39.2%), with 39 out of 105 dogs (37%) having an FS

o25%. In another study, 95% of all dogs had an FS

425%; in the dogs with FS o25%, greyhounds were dis-

proportionately represented, and almost half of the grey-

hounds had an FS o25%.3 The finding that the whippet

FS was lower than expected for dogs of comparable size1,3

is therefore not surprising. In addition, the echocardio-

graphic measurement of FS is subject to a number of pos-

sible error sources.13 Moreover, although FS is often used

as an estimation of left ventricular global systolic function,

it does not allow to detect changes in contractility when

preload and/or afterload (or wall stress) are not controlled
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for.28,32 In another echocardiographic study in whippets, a

mean FS value of 32% was found.9 However, these dogs

were sedated using acepromazine and morphine. This in-

tervention might have influenced preload, afterload and

also contractility, making comparison difficult. In grey-

hounds, FS values ranged from 25% to 36% depending on

the study9,13,14,41, also reflecting the dependence of FS on

many variables. Nevertheless, the clinician should be aware

of the occurrence of low FS values in whippets at rest in

order to avoid misdiagnosis of myocardial failure.

ESVI is also higher than expected in our whippets. ESVI

was calculated according to the corrected Teichholz for-

mula ESVI (ml/m2)¼ (7LVDs3)/[(2.4þLVDs)BSA], with

LVDs in cm and BSA in m2.24 As whippets have higher

LVDs than expected for their BW (which is in part due to a

lower FS than expected), and this parameter is used in a

second-degree relation, it is clear that the result of the

equation is greater than expected.

Comparison Between Male and Female Dogs

Male dogs had significantly higher IVS, LVW, Ao,

LA(sa), LA(la), CO, and SV than female dogs. However,

these are BW-related parameters, and after multivariate

analysis with weight, age, and regurgitation as covariates,

females had a significantly larger LVD in diastole and

systole, and a significantly higher EPSS and ESVI. These

findings are in accordance with an earlier study in training

greyhounds, where female training greyhounds had a sig-

nificantly greater IVSs, LVD, and LVW in diastole and

systole, Ao, FS, and EPSS following normalization to

BW.41 A possible explanation for this is the larger mean

heart weight to BW ratio for females compared with

males.16,20 In contrast, in horses, males had a significantly

larger weight-adjusted LV mass and LVDd compared with

females.44,45 Furthermore, no sex difference was found

after allometric scaling in humans.46

Comparison Between Racing and Show Pedigree Lines

Dogs of racing pedigree lines had a significantly larger

LA(sa) than dogs of show pedigree lines, and there was

also a tendency for Ao to be higher in racing pedigree dogs.

Racing pedigree dogs also had a significantly higher prev-

alence of mitral valve regurgitations. However, LA(sa) re-

mained significantly higher in racing pedigree dogs after

multivariate analysis with weight, age, and regurgitation as

covariates.

Several articles in humans report the influence of train-

ing and ageing on mitral and tricuspid valve regurgitation.

Grossly, valves become thicker and more opaque with ad-

vancing age. These changes are both genetically determined

and age related. Longstanding mechanical stress also may

play a role in producing regurgitation. The left-sided

valves, aortic and mitral, are exposed to high pressures and

may therefore undergo degenerative changes earlier than

the right-sided valves.47–49 Moreover, one article reports

that the prevalence of both mitral and tricuspid regurgi-

tation in thoroughbred horses are subjected to athletic

training. Before training, the prevalence of mitral regurgi-

tation murmurs was 7.3% and the prevalence of tricuspid

regurgitation murmurs was 12.7%. After 9 months of

training, the prevalence proportions increased to 21.8%

and 25.5%, respectively.50 Studies by pulsed Doppler

echocardiography in humans have also shown that atrio-

ventricular valvular regurgitation is detected more com-

monly in endurance-trained athletes compared with

sedentary controls, and that it did not imply structural

valvular abnormalities.34,51,52 These reports are in agree-

ment with our findings that mitral regurgitations are more

common in trained dogs from racing pedigree lines.

Conclusion

We confirm that whippets have a larger LVD, a thicker

IVS and LVW, and a lower FS than expected for dogs of

comparable body weight. The clinician should be aware of

these specific differences in whippets to avoid misdiagnosis

of cardiac dilation, hypertrophy, and/or myocardial failure

in these dogs. The values reported in this study can be used

as reference values specific for whippets.

ACKNOWLEDGMENT

We would like to thank the many owners and breeders that provided
dogs for this study, in particular Antoinette Wiwenes of Oochigea’s
Kennel (Herentals, Belgium).

REFERENCES

1. Boon J, Wingfield WE, Miller CW. Echocardiographic indices in the
normal dog. Vet Radiol 1983;24:214–221.

2. Brown DJ, Rush JE, MacGregor J, Ross JN Jr, Brewer B, RandWM.
M-mode echocardiographic ratio indices in normal dogs, cats, and horses: a
novel quantitative method. J Vet Intern Med 2003;17:653–662.

3. Cornell CC, Kittleson MD, Della TP, et al. Allometric scaling of M-
mode cardiac measurements in normal adult dogs. J Vet Intern Med
2004;18:311–321.

4. Goncalves AC, Orton EC, Boon JA, Salman MD. Linear, logarith-
mic, and polynomial models of M-mode echocardiographic measurements in
dogs. Am J Vet Res 2002;63:994–999.

5. Jacobs G, Mahjoob K. Multiple regression analysis, using body size
and cardiac cycle length, in predicting echocardiographic variables in dogs.
Am J Vet Res 1988;49:1290–1294.

6. Lombard CW. Normal values of the canine M-mode echocardio-
gram. Am J Vet Res 1984;45:2015–2018.

7. O’Grady MR, Bonagura JD, Powers JD, Herring DS. Quantitative
cross-sectional echocardiography in the normal dog. Vet Radiol 1986;27:34–
49.

8. Rishniw M, Erb HN. Evaluation of four 2-dimensional echocardio-
graphic methods of assessing left atrial size in dogs. J Vet Intern Med
2000;14:429–435.

237ECHOCARDIOGRAPHIC REFERENCE VALUES IN WHIPPETSVol. 48, No. 3



9. della Torre PK, Kirby AC, Church DB, Malik R. Echocardiograph-
ic measurements in greyhounds, whippets and Italian greyhounds—dogs
with a similar conformation but different size. Aust Vet J 2000;78:49–55.

10. Gooding JP, Robinson WF, Mews GC. Echocardiographic assess-
ment of left ventricular dimensions in clinically normal English cocker
spaniels. Am J Vet Res 1986;47:296–300.

11. Morrison SA, Moise NS, Scarlett J, Mohammed H, Yeager AE.
Effect of breed and body weight on echocardiographic values in four breeds
of dogs of differing somatotype. J Vet Intern Med 1992;6:220–224.

12. O’Leary CA, Mackay BM, Taplin RH, Atwell RB. Echocardio-
graphic parameters in 14 healthy English Bull Terriers. Aust Vet J
2003;81:535–542.

13. Page A, Edmunds G, Atwell RB. Echocardiographic values in the
greyhound. Aust Vet J 1993;70:361–364.

14. Snyder PS, Sato T, Atkins CE. A comparison of echocardiographic
indices of the nonracing healthy greyhound to reference values from other
breeds. Vet Radiol Ultrasound 1995;36:387–392.

15. Vollmar AC. Echocardiographic measurements in the Irish
wolfhound: reference values for the breed. J Am Anim Hosp Assoc 1999;
35:271–277.

16. Pape LA, Rippe JM, Walker WS, et al. Effects of the cessation of
training on left ventricular function in the racing greyhound. Serial studies in
a model of cardiac hypertrophy. Basic Res Cardiol 1984;79:98–109.

17. Pape LA, Price JM, Alpert JS, Rippe JM. Hemodynamics and left
ventricular function: a comparison between adult racing greyhounds and
greyhounds completely untrained from birth. Basic Res Cardiol
1986;81:417–424.

18. Rippe JM, Pape LA, Alpert JS, et al. Studies of systolic mechanics
and diastolic behavior of the left ventricle in the trained racing greyhound.
Basic Res Cardiol 1982;77:619–644.

19. Schoning P, Erickson H, Milliken GA. Body weight, heart weight,
and heart-to-body weight ratio in greyhounds. Am J Vet Res 1995;56:420–
422.

20. Steel JD, Taylor RI, Davis PE, Stewart GA, Salmon PW. Relation-
ships between heart score, heart weight and body weight in Greyhound dogs.
Aust Vet J 1976;52:561–564.

21. Bavegems V, Van Caelenberg A, Duchateau L, Sys SU, Van Bree H,
De Rick A. Vertebral heart size ranges specific for whippets. Vet Radiol
Ultrasound 2005;46:400–403.

22. Buchanan JW, Bucheler J. Vertebral scale system to measure canine
heart size in radiographs. J Am Vet Med Assoc 1995;206:194–199.

23. Boon J. Acquired heart disease. In: Cann CC (ed.): Manual of vet-
erinary echocardiography. Pennsylvania: Williams & Wilkins, 1998;261–382.

24. Teichholz LE, Kreulen T, Herman MV, Gorlin R. Problems in
echocardiographic volume determinations: echocardiographic–angiographic
correlations in the presence of absence of asynergy. Am J Cardiol 1976;37:7–
11.

25. Owen LN. Cancer chemotherapy and immunotherapy. In: Ettinger
SJ (ed.): Textbook of veterinary internal medicine. Philadelphia: WB Saun-
ders, 1983;368–392.

26. Knight DH. Heart failure and clinical evaluation of cardiac function.
In: Ettinger SJ, Feldman EC (eds): Textbook of veterinary internal medicine.
Philadelphia: WB Saunders, 1995;844–867.

27. Jacobs G, Mahjoob K. Influence of alterations in heart rate on
echocardiographic measurements in the dog. Am J Vet Res 1988;49:548–552.

28. Blomqvist CG, Saltin B. Cardiovascular adaptations to physical
training. Annu Rev Physiol 1983;45:169–189.

29. Fagard RH. Athlete’s heart: a meta-analysis of the echocardio-
graphic experience. Int J Sports Med 1996;17(Suppl 3):S140–S144.

30. Huston TP, Puffer JC, Rodney WM. The athletic heart syndrome.
N Engl J Med 1985;313:24–32.

31. Maron BJ. Distinguishing hypertrophic cardiomyopathy from ath-
lete’s heart: a clinical problem of increasing magnitude and significance.
Heart 2005;91:1380–1382.

32. Fagard R. Athlete’s heart. Heart 2003;89:1455–1461.
33. Sharma S. Athlete’s heart—effect of age, sex, ethnicity and sporting

discipline. Exp Physiol 2003;88:665–669.
34. Oakley D. General cardiology: the athlete’s heart. Heart

2001;86:722–726.
35. Barnard RJ, Duncan HW, Baldwin KM, Grimditch G, Buckberg

GD. Effects of intensive exercise training on myocardial performance and
coronary blood flow. J Appl Physiol 1980;49:444–449.

36. Carew TE, Covell JW. Left ventricular function in exercise-induced
hypertrophy in dogs. Am J Cardiol 1978;42:82–88.

37. Riedhammer HH, Rafflenbeul W, Weihe WH, Krayenbuhl HP. Left
ventricle contractile function in trained dogs with cardial hypertrophy. Basic
Res Cardiol 1976;71:297–308.

38. Ritzer TF, Bove AA, Carey RA. Left ventricular performance
characteristics in trained and sedentary dogs. J Appl Physiol 1980;48:
130–138.

39. George KP, Wolfe LA, Burggraf GW. The ‘athletic heart syndrome’.
A critical review. Sports Med 1991;11:300–330.

40. Perrault H, Turcotte RA. Exercise-induced cardiac hypertrophy fact
or fallacy? Sports Med 1994;17:288–308.

41. Lonsdale RA, Labuc RH, Robertson ID. Echocardiographic pa-
rameters in training compared with non-training greyhounds. Vet Radiol
Ultrasound 1998;39:325–330.

42. Stone HL. Cardiac function and exercise training in conscious dogs.
J Appl Physiol 1977;42:824–832.

43. Wyatt HL, Mitchell JH. Influences of physical training on the heart
of dogs. Circ Res 1974;35:883–889.

44. Young LE, Rogers K, Wood JL. Left ventricular size and systolic
function in Thoroughbred racehorses and their relationships to race per-
formance. J Appl Physiol 2005;99:1278–1285.

45. Buhl R, Ersboll AK, Eriksen L, Koch J. Changes over time in
echocardiographic measurements in young Standardbred racehorses under-
going training and racing and association with racing performance. J Am
Vet Med Assoc 2005;226:1881–1887.

46. George KP, Gates PE, Whyte G, Fenoglio RA, Lea R. Echocar-
diographic examination of cardiac structure and function in elite
cross trained male and female Alpine skiers. Br J Sports Med 1999;33:
93–98.

47. Akasaka T, Yoshikawa J, Yoshida K, et al. Age-related valvular
regurgitation: a study by pulsed Doppler echocardiography. Circulation
1987;76:262–265.

48. Yoshida K, Yoshikawa J, Shakudo M, et al. Color Doppler evalu-
ation of valvular regurgitation in normal subjects. Circulation 1988;78:840–
847.

49. Klein AL, Burstow DJ, Tajik AJ, et al. Age-related prevalence
of valvular regurgitation in normal subjects: a comprehensive color
flow examination of 118 volunteers. J Am Soc Echocardiogr 1990;3:
54–63.

50. Young LE, Wood JL. Effect of age and training on murmurs of
atrioventricular valvular regurgitation in young thoroughbreds. Equine Vet J
2000;32:195–199.

51. Douglas PS, Berman GO, O’Toole ML, Hiller WD, Reichek N.
Prevalence of multivalvular regurgitation in athletes. Am J Cardiol
1989;64:209–212.

52. Pollak SJ, McMillan SA, Knopff WD, Wharff R, Yoganathan AP,
Felner JM. Cardiac evaluation of women distance runners by echocardio-
graphic color Doppler flow mapping. J Am Coll Cardiol 1988;11:
89–93.

238 BAVEGEMS ET AL. 2007


